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Abstract 

Background The clinical burden of Long COVID, myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS), 
and other post‑infectious fatiguing illnesses (PIFI) is increasing. There is a critical need to advance understanding 
of the effectiveness and sustainability of innovative approaches to clinical care of patients having these conditions.

Methods We aim to assess the effectiveness of a Long COVID and Fatiguing Illness Recovery Program (LC&FIRP) 
in a two‑arm, single‑blind, pragmatic, quality improvement, professional cluster, randomized controlled trial in which 
20 consenting clinicians across primary care clinics in a Federally Qualified Health Center system in San Diego, CA, 
will be randomized at a ratio of 1:1 to either participate in (1) weekly multi‑disciplinary team‑based case consultation 
and peer‑to‑peer sharing of emerging best practices (i.e., teleECHO (Extension for Community Healthcare Outcomes)) 
with monthly interactive webinars and quarterly short courses or (2) monthly interactive webinars and quarterly 
short courses alone (a control group); 856 patients will be assigned to participating clinicians (42 patients per clini‑
cian). Patient outcomes will be evaluated according to the study arm of their respective clinicians. Quantitative 
and qualitative outcomes will be measured at 3‑ and 6‑months post‑baseline for clinicians and every 3‑months 
post assignment to a participating clinician for patients. The primary patient outcome is change in physical function 
measured using the Patient‑Reported Outcomes Measurement Information System (PROMIS)‑29. Analyses of dif‑
ferences in outcomes at both the patient and clinician levels will include a linear mixed model to compare change 
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in outcomes from baseline to each post‑baseline assessment between the randomized study arms. A concurrent pro‑
spective cohort study will compare the LC&FIRP patient population to the population enrolled in a university health 
system. Longitudinal data analysis approaches will allow us to examine differences in outcomes between cohorts.

Discussion We hypothesize that weekly teleECHO sessions with monthly interactive webinars and quarterly 
short courses will significantly improve clinician‑ and patient‑level outcomes compared to the control group. This 
study will provide much needed evidence on the effectiveness of a technology‑enabled multi‑disciplinary team‑
based care model for the management of Long COVID, ME/CFS, and other PIFI within a federally qualified health 
center.

Trial registration ClinicalTrials.gov, NCT05 167227. Registered on December 22, 2021.

Keywords Post COVID‑19 conditions (PCC), Long COVID, Myalgic encephalomyelitis (ME), Chronic fatigue syndrome 
(CFS), Post‑infectious fatiguing illnesses (PIFI)

Background
The clinical presentation, severity, and outcomes of 
coronavirus disease 2019 (COVID-19), which is caused 
by severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2), are highly heterogeneous [1]. While some 
patients recover quickly, others suffer from persistent 
symptoms collectively known as Post-COVID Conditions 
(PCC) or Long COVID, which could be identified as early 
as 4 weeks after infection [2]. At present, scientific under-
standing of the diagnoses, phenotypes, and epidemiology 
of PCC is evolving [3, 4]. The number of patients experi-
encing PCC is increasing as acute COVID cases continue 
to rise as new variants occur and the public decreases 
prevention activities and behaviors. Many patients are 
presenting in primary clinics with a wide range of health 
consequences that are present four or more weeks after 
infection of SARS-CoV-2. In many patients, the reported 
persistent symptoms are highly debilitating, whether they 
arise secondary to detectable organ system damage or 
are of unclear etiopathogenesis [5]. Several of the most 
commonly reported persisting symptoms of PCC are 
also typically present in patients diagnosed with myalgic 
encephalomyelitis/chronic fatigue syndrome (ME/CFS) 
and other post-infectious fatiguing illnesses (PIFI) [6]. 
These include fatigue, post-exertional malaise, and cogni-
tive impairment, among others. Disability resulting from 
PCC is now covered under the Americans with Disabili-
ties Act [7]. Given clinical similarities in the constellation 
of symptoms between ME/CFS and PCC, the current 
clinical knowledge of ME/CFS has been beneficial in 
the approach to management and care of patients with 
PCC. Similarly, approaches to improving the clinical care 
of patients with PCC may also provide insights into the 
management ME/CFS and other PIFI. Taken together, 
there is a critical need to advance understanding of the 
effectiveness and sustainability of innovative approaches 
to the clinical care of PCC, ME/CFS, and other PIFI.

One potential approach is to utilize a technology-
enabled multi-disciplinary team-based care model 

centered on case consultation and peer-to-peer sharing 
of emerging best practices (i.e., teleECHO (Extension 
for Community Healthcare Outcomes)) to support the 
management of complex cases associated with PCC, ME/
CFS, and other PIFI. The teleECHO approach has previ-
ously been used in the management of Hepatitis C and 
HIV infections, and it has expanded into a wide variety 
of health care  contexts. [8, 9]. A typical teleECHO ses-
sion includes a clinician presenting de-identified patient 
cases to specialists who then mentor the presenting cli-
nician and others as they learn to manage patients with 
complex conditions [10]. These case-based discussions 
are often supplemented with short didactic presentations 
to improve content knowledge and share evidence-based 
practices [11]. An important goal of a teleECHO program 
is to provide primary care providers access to medical 
experts from a variety of domains who commit to long-
term support and engagement in immediate synchro-
nous interactions. Given that this approach is case-based, 
interactive, and occurs in real-time, it has a set of distinct 
advantages to the traditional practice of sequential in-
person specialty referrals (e.g., cardiology, pulmonology, 
and neurology) to address complex cases. This may be 
particularly helpful for cases in which the etiopathogene-
sis of PCC, ME/CFS, and other PIFI is unclear and evolv-
ing, as multiple specialist perspectives may be generated 
and discussed with the treating primary care clinician. 
In contrast, the emerging archetype of brick-and-mor-
tar PCC clinics includes a combination of referrals to 
specialties (e.g., infectious disease, neurology, cardiol-
ogy, nephrology) that are typically out of reach in low-
resource, community-based primary care settings where 
the majority of high-risk patients will be treated [12–14].

Although teleECHO represents a potentially promis-
ing approach to enhancing the complex care of patients, 
empirical evidence on the effectiveness of this approach 
to improve patient and clinician outcomes is limited. 
TeleECHO programs have rarely been evaluated for 
both effectiveness and implementation outcomes, and 

https://clinicaltrials.gov/ct2/show/NCT05167227?term=NCT05167227&draw=2&rank=1


Page 3 of 15Godino et al. Trials          (2023) 24:524  

evaluations often lack (1) use of randomization, (2) inclu-
sion of both quantitative and qualitative patient- and 
clinician-level outcomes, and (3) multiple, well-charac-
terized comparison groups (i.e., counterfactuals) [15, 16]. 
Thus, there remains a need to generate high-quality evi-
dence that a teleECHO program can effectively enhance 
the management of complex cases associated with PCC, 
ME/CFS, and other PIFI while maintaining a high-level 
of sustainability within a community-based primary care 
setting.

Objective
The primary objective of the present research is to deter-
mine the effectiveness of FHCSD’s Long COVID and 
Fatiguing Illness Recovery Program (LC&FIRP) on clini-
cian- and patient-level outcomes. LC&FIRP is comprised 
of a teleECHO program focused on multi-specialty case 
consultation and peer-to-peer sharing of emerging best 
practices to support management of complex cases asso-
ciated with PCC, ME/CFS, and other PIFI. Our second-
ary objective is to determine the feasibility, acceptability, 
and sustainability of LC&FIRP. This study is intended to 
provide a fuller understanding of the potential impact 
of innovative technology-enabled multi-disciplinary 

team-based care models in low-resource, community-
based primary care settings.

Methods
The SPIRIT reporting guidelines were used in the devel-
opment of this protocol [17]. The completed SPIRIT 
figure for this protocol can also be found in Table 1 for 
clinicians and patients. No committees have been cre-
ated or engaged in this trial. Multiple principal inves-
tigators JG and CR are responsible for all aspects of the 
trial. They oversee staff engaged in recruitment, data 
collection, management, and analysis. Any required and 
unplanned protocol amendments will be reported to the 
Institutional Review Board (IRB) and updated in the trial 
registration.

Partners
This study is funded by the Centers for Disease Con-
trol and Prevention (CDC) and is being conducted by 
a consortium of practice-based and academic institu-
tions that include FHCSD, Ata Health Strategies, Project 
ECHO University of New Mexico Health Sciences Center 
(UNM), University of Colorado Denver School of Medi-
cine (UoC), and University of Washington (UW).

Table 1 The overview of the study period including primary care provider (PCP) schedule of enrollment, interventions, and 
assessments

Study period

Enrollment Allocation Post-allocation Close-out

Timepoint 0 0 3 M 6 M 9 M 12 M 18 M 24 M 30 M  ≤ 37 M

Clinician enrollment:
 Eligibility screen X

 Informed consent X

 Allocation X

Patient enrollment:
 Eligibility x

 Broad Consent x

 Allocation x

Interventions:
 [Intervention A] X X X X X X X

 Patients A x x x x x x

 [Intervention B] X X X X X X X

 Patients B x x x x x x

Assessments:
 PCP baseline survey X

 PCP follow-up survey X X X X X X X X

 PCP interviews X

 Patient baseline survey x

 Patient follow-up survey x x x x
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Study design
We will evaluate LC&FIRP using an effectiveness imple-
mentation hybrid type 2 design [16]. Specifically, we 
will conduct a two-arm, single-blind, pragmatic, qual-
ity improvement, professional cluster, randomized con-
trolled trial in which 20 consenting clinicians across 
primary care clinics at FHCSD will be randomized at a 
ratio of 1:1 to either participate in (1) weekly teleECHO 
sessions with monthly interactive webinars and quarterly 
short courses or (2) monthly interactive webinars and 
quarterly short courses alone (a control group). All clini-
cians will have the option to receive Continuing Medical 
Education (CME) credit for the weekly teleECHO ses-
sions and monthly interactive webinar. More details on 
the content of the weekly teleECHO sessions, monthly 
interactive webinars, and quarterly short courses are pro-
vided below. Clinicians will participate in LC&FIRP up 
to 37 months and throughout participation, 856 FHCSD 
patients diagnosed with PCC, ME/CFS, or other PIFI 
will be assigned to the participating clinicians (approxi-
mately 42 patients per clinician). Patient outcomes will 
be evaluated according to the study arm of their respec-
tive clinicians. Quantitative and qualitative outcomes will 
be measured at 3-, 6-, 9-,12-, 18-, 24-, and 30-months 
post-baseline for clinicians and for patients at 3-, 6-, 9-, 
and 12-months post assignment to a participating clini-
cian. We will concurrently conduct a prospective cohort 
study to compare the two patient populations resulting 
from the randomized controlled trial with a third patient 
population resulting from enrollment at University of 
Washington’s Post-COVID Rehabilitation and Recovery 
Clinic (https:// www. uwmed icine. org/ speci alties/ post- 
covid- rehab ilita tion). An overview of the study period for 
clinicians and patients can be found in Table 1.

Setting
Funded by the US Department of Health and Human 
Services’ Health Resources and Services Administration, 
Federally Qualified Health Centers (FQHCs) across the 
USA are responsible for providing health care services to 
low-income populations [18]. Over 30 million Americans 
(1 in 3 people in poverty and 1 in 7 people who belong to 
a racial or ethnic minority group) receive medical care at 
an FQHC [18]. FHCSD is one of the ten largest FQHC 
health systems in the nation and provides medical care to 
more than 165,000 patients through more than 1 million 
visits annually. The vast majority of FHCSD patients are 
low-income and are members of a minority population: 
87% live below 200% of the federal poverty level, 16% are 
homeless, 41% are uninsured, and 83% are racial or eth-
nic minorities, with Black and Latino patients compris-
ing 9% and 59% of the patient population, respectively 

(both overrepresented relative to San Diego Country 
demographics).

FHCSD operates 58 sites throughout San Diego, 
including 22 primary care clinics that are located in fed-
erally designated Health Professional Shortage Areas, 
18 behavioral health facilities, 2 mobile counseling cent-
ers, 8 dental clinics, 3 vision clinics, 2 outpatient and 13 
integrated substances use disorder clinics, 3 medication 
assisted treatment sites, 3 homeless service centers, and 
a safety net pharmacy. When the first cases of COVID-
19 were diagnosed in San Diego County, FHCSD quickly 
expanded in-house high complexity laboratory capa-
bilities and deployed reverse transcription polymerase 
chain reaction (RT-PCR) testing for SARS-CoV-2 RNA 
with Food and Drug Administration emergency use 
authorization.

FHCSD has also fully deployed a nationally certi-
fied Electronic Health Record (EHR) systemwide, which 
allows for patient portal access and robust clinical out-
comes tracking [19, 20]. It is linked with the FHCSD 
health system’s self-designed, web-based Clinical Man-
agement Information System (CMIS), which facilitates 
patient care processes, quality assurance, and evaluation 
functions. Because FHCSD’s systems were developed on 
a service-oriented architecture, they are highly adaptive 
to meeting FHCSD’s data collection requirements for 
clinic management and practice analysis and are uniquely 
able to add new services in a timely fashion. All of the 
FHCSD health system’s information technology infra-
structure is located in a secure data center supported by 
a diverse broadband network (100–500 mbps) mostly 
comprised of Cisco network elements. The data center 
infrastructure is provided with virtual servers and/or 
high availability services to ensure availability of the sys-
tems on a five nines basis. All applications and data are 
scheduled for backup nightly (full and incremental) and 
supported by a robust business continuity plan. The EHR 
system at FHCSD includes SNOMED CT (Systematized 
Nomenclature of Medicine—Clinical Terms), as the basis 
of diagnosing. This is then cross-walked to International 
Classification of Diseases Tenth Revision (ICD-10) and 
used for administrative coding and for patients’ problem 
list. The problem list contains all problems (active, non-
active) which are managed by the FHCSD health system’s 
providers. Importantly, an ICD-10 code for PCC has 
been implemented and FHCSD medical leadership has 
directed all providers to use the code to identify COVID-
19 patients with symptoms lasting for more than 28 days.

Among low-income populations to date, there has been 
a concerning imbalance between the high incidence, 
morbidity, and mortality from COVID-19 (and other dis-
eases) and the limited access to healthcare innovations 
and research. This has highlighted a long-standing and 

https://www.uwmedicine.org/specialties/post-covid-rehabilitation
https://www.uwmedicine.org/specialties/post-covid-rehabilitation
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often disregarded problem characterized by underrep-
resentation of low-income and minority populations in 
biomedical research and a lack of readily available infra-
structure to truly strengthen inclusion in research [21]. If 
this is not addressed through meaningful effort, then the 
safety, effectiveness, and sustainability of interventions 
and treatments derived from research that includes pre-
dominately privileged populations will likely have dimin-
ished benefits for low-income populations. Rigorous and 
just scientific research requires significant participation 
from all without undue burden or exclusion. The present 
research seeks to address this issue.

Participants
The target for weekly teleECHO sessions, monthly inter-
active webinars, and quarterly short courses is licensed 
health care professionals. Therefore, the present research 
will include professional clusters that will consist of pri-
mary care physicians, physician assistants, and nurse 
practitioners at FHCSD caring for patients who have had 
persistent symptoms and a decline in health-related qual-
ity of life associated with PCC, ME/CFS, and/or other 
PIFI. A total of 20 clinicians (10 in each study arm) will 
be enrolled and throughout participation, 856 FHCSD 
patients diagnosed with PCC, ME/CFS, or other PIFI will 
be assigned to those participating clinicians (42 patients 
per clinician). In order to achieve a similarly sized sample 
of patients among cohorts in the proposed longitudinal 
cohort study, we will include 428 patients from the UW 
Medicine’s Post-COVID Telehealth Clinic who have been 
diagnosed with PCC, ME/CFS, and/or other PIFI.

Inclusion criteria
Inclusion criteria for clinicians includes (1) being 
employed by FHCSD for clinical care delivery, (2) being 
a licensed primary care physician, physician assistant, or 
nurse practitioner, (3) being willing and able to care for 
patients who have had persistent symptoms and a decline 
in health-related quality of life associated with PCC, ME/
CFS, and/or other PIFI, and (4) being willing and able to 
actively participate in LC&FIRP for up to 37 months.

Patients will be referred to LC&FIRP and assigned to 
a participating clinician if they (1) are 18 years or older, 
(2) have had persistent symptoms and a decline in health-
related quality of life associated with PCC, ME/CFS, and/
or other PIFI, and (3) have completed FHCSD’s Broad 
Consent and authorized their Protected Health Informa-
tion to be used for research purposes. FHCSD Primary 
Care Providers use CDC guidelines to diagnosis patients 
with PCC, ME/CFS, and or other PIFI before referring 
them to LC&FIRP [22, 23].

Exclusion criteria
There are no exclusion criteria.

Recruitment, enrollment, and study duration
FHCSD medical leadership will send an email invitation 
for optional participation in LC&FIRP to the approxi-
mately 200 eligible clinicians at FHCSD. Those who are 
interested and meet inclusion criteria will provide writ-
ten informed consent, complete a baseline survey, and 
will be randomized to one of the two study arms. Study 
enrollment commences upon randomization. The dura-
tion of the study for clinicians is up to 37  months. 
Patients assigned to participating clinicians are expected 
to be engaged in LC&FIRP as directed by their clinician 
over the course of 12 months.

FHCSD patients who have had persistent symptoms 
and a decline in health-related quality of life associated 
with PCC, ME/CFS, and/or other PIFI may be referred 
to LC&FIRP by a participating clinician or by a non-par-
ticipating clinician. Patients who take part in LC&FIRP 
will fall into one of the following four categories: (1) 
existing and new ICD-10 diagnosis of PCC and a labo-
ratory confirmed SARS-CoV-2 infection, (2) existing and 
new ICD-10 diagnosis of PCC and no laboratory con-
firmed SARS-CoV-2 infection, (3) existing and new ICD-
10 diagnosis of ME/CFS, and (4) other PIFI. Only those 
patients who have completed FHCSD’s Broad Consent 
and authorized their Protected Health Information to be 
used for research purposes will be allowed to take part 
in LC&FIRP. Once FHCSD patients are enrolled into the 
program they will be followed by participating clinicians 
for a minimum of 1  year. Patients who advise that they 
have moved out of San Diego County but remain in the 
state of California may choose to continue seeing their 
LC&FIRP primary care provider via telehealth appoint-
ments and participate in surveys. Patients who have 
moved out of the state of California may no longer see 
their assigned LC&FIRP primary care provider due to tel-
ehealth laws, but they may choose to continue participat-
ing in surveys.

Randomization, allocation concealment, and blinding
After eligibility and consent are confirmed and a baseline 
survey is completed, participating clinicians will be ran-
domized at a ratio of 1:1 to one of the two study arms. 
An electronic randomization list will be generated using 
the latest version of the statistical software platform R 
(version 3.3.2, http:// www.r- proje ct. org). The list will 
be securely integrated into the cloud-based Research 
Electronic Data Capture (REDCap) tool. Allocation will 
be concealed from all investigators and staff until the 
study group is assigned. Only the study manager and 

http://www.r-project.org
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research assistants involved in the delivery of the inter-
vention components will subsequently be made aware of 
allocation. It is not possible to mask participating clini-
cians; however, their patients will have no knowledge of 
their potential participation in weekly teleECHO ses-
sions, monthly interactive webinars, and quarterly short 
courses. All staff who are involved in the collection of 
data and investigators who conduct analyses will remain 
blinded to allocation throughout the study.

Retention and withdrawal
In order to enhance retention in the study, all partici-
pating clinicians will be offered CME credit at no cost 
for their engagement in weekly teleECHO sessions and 
monthly interactive webinars. Clinicians will also be 
offered the flexibility to temporarily pause participation 
in sessions as an alternative to fully withdrawing. Partici-
pation in this study is voluntary. Participating clinicians 
may decide not to participate or may leave the study at 
any time. This decision will not result in any penalty or 
loss of benefits to which they are entitled. Information 
that has already been collected may still be used, but no 
new information will be collected. The withdrawal reason 
and the withdrawal date will be documented.

Clinicians who go on a leave of absence (LOA), while 
participating, will not be contacted about the study. 
Patients assigned to participating clinicians on LOA will 
remain a part of that clinician’s LC&FIRP patient assign-
ment. However, if the patient seeks follow-up care, they 
will be scheduled to see another clinician participant in 
the same intervention arm. Additionally, clinicians who 
terminate their employment with FHCSD, retire, or 
move departments and are unable to see primary care 
patients will be withdrawn from the study. All of the data 
that they contributed up to the point of withdrawal will 
be included in the research. Patients assigned to clini-
cians who withdraw from the study will be reassigned to 
another participating clinician in the same intervention 
arm. Clinician participants who choose to temporar-
ily pause participation will not be assigned new patients 
but will continue to see existing LC&FIRP patients within 
their panel.

Intervention(s)
Of the 20 participating clinicians, 10 will be randomized 
to weekly teleECHO sessions. It is both impractical and 
inconsistent with high ethical standards to prevent the 
remaining 10 clinicians from accessing the dissemina-
tion of best practices via monthly interactive webinars 
and quarterly short courses, as these will be made avail-
able to providers across the USA. The subsections below 
provide more details on the intervention and an overview 

of the flow of clinicians through the study can be found 
in Fig. 1.

Weekly teleECHO sessions
The weekly teleECHO sessions will include a 10- to 
20-min subject matter expert (SME)-led didactic pres-
entation of emerging evidence-based best practices, fol-
lowed by interactive review and discussion of 1–2 cases 
presented by clinicians for consultation with the mul-
tidisciplinary specialty panel. All weekly teleECHO ses-
sions will offer CME credit for participants. De-identified 
case forms will be submitted by clinicians, and these will 
include patient medical and family history, current diag-
noses, medications, and the clinician’s proposed inquiry 
to panelists. The composition of the specialty panel will 
include, but will not be limited to, national experts in 
pulmonology, neurology, neuropsychology, psychiatry, 
infectious disease, cardiology, rehabilitation medicine, 
and lived experience experts. Additional specialists will 
rotate and participate on a regular basis, and cases will 
be scheduled for presentation in an attempt to align with 
guest panelists. Upon conclusion of weekly teleECHO 
sessions, multidisciplinary recommendations will be dis-
tributed back to the presenting clinicians.

Monthly interactive webinars
We will convene monthly interactive webinars to rapidly 
disseminate findings and emerging best practices to a 
large-scale, national audience. The series will offer brief 
didactic presentations by SMEs, examples of models of 
care, and a facilitated question and answer session. The 
target audience will include clinicians participating in 
LC&FIRP, as well as primary care clinicians across the 
USA. The program will expand attendance by offering 
CME, Continuing Nursing Education (CNE), and Con-
tinuing Pharmacy Education (CPE) credit and engag-
ing with organizations and associations outside the 
LC&FIRP partners through various dissemination strat-
egies. These strategies include invitation to the monthly 
interactive webinar through existing listservs that reach 
these organizations’ and associations’ current mem-
bers, as well as collaborative efforts in cross promotion 
on the LC&FIRP specific Project ECHO web page. Pro-
ject ECHO will send an announcement for each webi-
nar via email using a mass mailing platform and include 
the following information: title of Project ECHO pro-
gram, session date and time, registration link, agenda, 
topic, speaker presentation slides (if available), and CME 
accreditation statements. In addition, Project ECHO will 
maintain the LC&FIRP specific Project ECHO web page 
and post agendas, video recordings, and resources shared 
during the monthly interactive webinars.
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Quarterly short courses
Key findings from weekly teleECHO sessions will be 
consolidated into singular topics and delivered in quar-
terly short courses. These quarterly short courses will be 
formatted using multiple learning modules with the use 
of presentation slides and videos online that are acces-
sible asynchronously. Following each module, there will 
be a set of questions learners will answer to review the 
material. There will be a post-course quiz at the end of 
each course with a score of 70% resulting in the print-
ing of a certificate of completion. Each course will take 
less than an hour to complete. The target audience will 
include clinicians participating in LC&FIRP and primary 
care providers across the USA. Similar to the monthly 
interactive webinar, these quarterly short courses will 
be disseminated through existing partner channels, as 
well as organizations and associations collaborating with 
all project partners. To partake in the quarterly short 

course, learners must register through the University of 
Colorado’s (UoC) web page. Once published online, the 
quarterly short course will remain available until the next 
quarterly short course is published.

Measures
Clinicians
Quarterly survey
Data will be collected from all clinicians participating in 
the LC&FIRP, both intervention and control groups. Data 
collection is designed to document reported changes to 
provider knowledge, self-efficacy, and clinical behavior 
as a result of participating in the intervention or control 
conditions. The objectives of documenting these changes 
are to (1) help explain effects of the intervention on 
patient outcomes, including by comparing providers in 
the control arm based on reported changes to knowledge, 
self-efficacy, and behavior and (2) answer the co-primary 

Fig. 1 Flow of clinicians through the study
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implementation research question of this effectiveness-
implementation trial: was the intervention implemented 
effectively and was it acceptable and feasible to imple-
ment among providers outside of the study context?

Data will be collected using electronic, web-based 
surveys, administered through REDCap managed by 
FHCSD. Surveys will be administered quarterly, to align 
with the collection of patient outcome data during the 
first 12 months. This frequency will also facilitate provid-
ers’ recall of specific changes to practice or behavior or 
improvements in knowledge in the last reporting period. 
Afterward, clinician survey data will be collected at the 
18-, 24-, and 30-month mark. We anticipate the survey to 
take 8–12 min for each provider and comprise approxi-
mately 30 questions. The survey will remain open for a 
select period and reminder emails will be sent to encour-
age compliance.

Survey constructs and question formats are drawn 
from a deep body of existing research evaluating the 
impact of ECHO models on clinicians’ outputs and out-
comes [15]. Survey methods and constructs were also 
studied among all randomized controlled trials of clini-
cian-level outcomes globally captured in the Health Care 
Provider Performance Review, a multi-year systematic 
literature review process of global health worker per-
formance evaluations [24]. To measure knowledge and 
self-efficacy, providers will be asked to state their relative 
agreement with statements related to their care of PCC 
patients, measuring from “strongly agree” to “strongly 
disagree” [15]. This 5-point response format will be held 
constant across survey knowledge and self-efficacy state-
ments, to allow for an index to be created for use in more 
exploratory analyses. Open-ended response fields will be 
provided to some questions to allow providers to docu-
ment specific examples of practice changes. Lastly, con-
structs probing overall provider satisfaction and utility 
with content will be measured to inform the acceptability 
and feasibility of the intervention.

Weekly teleECHO sessions
During the last 10  min of each weekly teleECHO ses-
sion, intervention clinicians will be asked to follow a link 
to a web-based survey, loaded in REDCap. This semi-
structured survey has three objectives: (1) to gather data 
required for the participants to receive CME credit, (2) 
to gather data useful for assessing feasibility and utility 
of the teleECHO model, and (3) to gather data on format 
and content of the sessions to guide program improve-
ment. CME credit is offered by Project ECHO, University 
of New Mexico (UNM) to intervention providers who 
attend each session. To be eligible for this credit, clini-
cians are required to complete 20 post-session questions 
that are universal for every teleECHO session, which 

explore session relevance, achievement of course objec-
tives, pace and delivery of the session content, and what 
participants liked most or least about the session. Addi-
tionally, we ask clinicians to rate their knowledge of the 
session content before and after the session, to explore 
knowledge gains, and if and how they intend to apply 
course content to their care of patients with PCC, ME/
CFS, and other PIFI patients.

Making time within the session for this survey and 
making these questions mandatory for CME credit is 
expected to result in better survey compliance. The 
survey will last approximately 10  min and we will leave 
the survey available for a short time after the session 
to help clinicians complete the survey who might have 
been interrupted for any reason. If survey compliance is 
under 50%, a reminder email will be sent in a timely man-
ner prior to the survey closing. Intervention clinicians’ 
survey responses will not be strictly confidential, as the 
questions are required to be documented by individu-
als for CME credit. With every survey, we will encour-
age clinicians to be candid in their responses, so that we 
can improve the ability of the teleECHO session curric-
ulum to meet their needs. While this lack of anonymity 
presents a risk for bias, we will have the opportunity to 
assess similar constructs of utility and satisfaction in the 
quarterly surveys of participating clinicians, which will 
be strictly confidential and de-identified. This will help 
us to assess any bias and take further measures to reduce 
bias if needed.

Monthly interactive webinar
Data collected regarding the monthly interactive webi-
nar will include webinar attendance and post webinar 
surveys for all clinicians participating in the Randomized 
Control Trial. Project ECHO UNM will offer CME, CNE, 
and CPE credits to all LC&FIRP participants and external 
learners for each monthly interactive webinar. This post-
webinar survey will include a standard set of 23 questions 
that the Project ECHO UNM team requires for attendees 
to receive educational credits. The objective of collect-
ing monthly interactive webinar data is to (1) understand 
the relative participation by study clinicians in monthly 
interactive webinars as a means to interpret differences in 
primary clinicians’ outcomes and (2) to support the eval-
uation of the feasibility, acceptability, and sustainability 
of the intervention. Survey responses will not be strictly 
confidential, as the questions are required to be docu-
mented by individuals for CME, CNE, or CPE credit. The 
survey will remain available after the monthly interac-
tive webinar for 3 business days. If a participant misses 
that window and wants to claim credit, the ECHO survey 
team can reopen the survey if it is within 30 days of the 
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webinar. After clinicians complete the survey, they will 
receive a certificate via email.

Quarterly short course
Data will be collected passively on numbers of clini-
cians completing each quarterly short course modules. 
The active collection of data will include responses by 
the clinicians to knowledge-based questions after each 
module, and at the completion of each course, about 
the value of the sessions and courses. The post-quarterly 
short course survey will include 10 questions about the 
knowledge gained, attitude changes that resulted from 
participation, and potential plans for behavioral changes 
resulting from what participants have learned. Measures 
collected from the post-quarterly short course survey for 
LC&FIRP participants and other learners will mirror the 
monthly interactive webinar survey. The objective of col-
lecting quarterly short course data is to (1) understand 
the relative participation by study clinicians in monthly 
interactive webinars as a means to interpret differences in 
primary clinicians’ outcomes and (2) to support the eval-
uation of the feasibility, acceptability, and sustainability of 
the intervention. In addition to collecting data immedi-
ately before and following participation in the quarterly 
short course, LC&FIRP participants in the study will be 
asked to provide their responses to surveys that are spe-
cific to the trial outcomes.

Patients
Upon assignment to a participating clinician participant, 
patients will be asked to share current demographic char-
acteristics, symptoms, medical history, health history, 
and, if applicable, their initial acute COVID-19 expe-
rience. Patients will be asked to complete a variety of 
widely used and validated patient reported outcome sur-
veys that will take an average of 30 min to complete and 
will be repeatedly collected at 3-, 6-, 9-, and 12-months. 
In addition, symptom history and, if applicable, initial 
acute COVID-19 experience questions will be repeated 
during quarterly surveys to measure any changes over 
the 12-month follow-up period. Given the diverse nature 
of symptomatology, the patient cohort will first be char-
acterized using descriptive statistics on domains of dys-
function (e.g., neurologic, cardiac, pulmonary, mental 
health). Surveys will include (1) Patient-Reported Out-
comes Measurement Information System (PROMIS)-29, 
(2) Health Assessment Questionnaire (HAQ), (3) 
PROMIS Dyspnea Functional Limitations Short Forms, 
(4) PROMIS Applied Cognition Abilities and General 
Concerns Short Forms, (5) Patient Health Questionnaire 
(PHQ-9), (6)Generalized Anxiety Disorder (GAD)-7, 
(7) self-reported medication use, and (8) CDC ME/CFS 
Symptom Inventory Grid Screener [25–28]. All patient 

data collected will be integrated into the clinical work-
flows to maximize the likelihood of consistent comple-
tion. To track and collect patient surveys, a registry will 
be created within CMIS which includes specific survey 
forms for each survey frequency. All surveys completed 
will be stored within EHR and accessible for participating 
clinicians to review. Surveys will be conducted via phone 
calls from FHCSD staff supporting LC&FIRP, with calls 
ranging from 30 to 90 min.

Each patient will be called a maximum of four times 
over the course of 4 weeks (once per week) to ensure the 
best possibility of achieving responses. Upon request, 
patients may request a copy of their survey responses. 
Patients who are unreachable for their 12-month sur-
vey or are unable to do the survey over the phone will 
be offered a shortened online version that includes the 
PROMIS-29 survey to be sent via text or email. An over-
view of the patient flow throughout the study can be seen 
in Fig. 2.

Physical therapy assessment
Upon completion of their initial assessment, patients will 
be asked to complete a physical therapy (PT) LC&FIRP 
visit. During their PT visit, patients will be asked to com-
plete a variety of widely used and validated physical ther-
apy assessments. These assessments include a 2-min step 
test, 30-s sit to stand test, grip strength, functional gait 
assessment, and balance tasks [29–33]. Due to appoint-
ment time constraints, not all assessments will be com-
pleted and additionally patients may decline or be unable 
to complete some assessments. All patient data collected 
during the PT visit will be stored in a specific form within 
the EHR and accessible to participating clinicians for 
review. Alternatively, patients may choose to decline 
participation in a PT visit, and this will not impact their 
ability to meet with their assigned clinician participant. 
Patients who completed an initial PT visit will be offered 
to schedule a final PT PCC visit during their 12-month 
follow-up survey call with FHCSD staff.

Wearables
A 20% (n = 172) subsample of the patients assigned to 
clinician participants will be offered a Fitbit device for 
remote monitoring. Patients will be offered a Fitbit ran-
domly when agreeing to complete their PT visit or by 
clinician participants and PT providers who believe they 
may benefit from receiving one to help manage their 
symptoms. Patients will be asked to verify they have 
access to a smart phone and if they agree, they will be 
asked to wear their device as often as possible throughout 
the 12-month follow-up period. The Fitbit device will col-
lect data on multiple physical activity metrics (e.g., inten-
sity, steps, bouts of exercise), sleep metrics (e.g., time in/
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Fig. 2 Patient flow through the study. *LC&FIRP PCP follow‑up appointments may occur more than once
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out of bed, sleep stages, sleep quality), physiology of the 
heart (e.g., beats per minute, heart rate variability), and, 
depending on circumstances, cardiorespiratory fitness. 
These data will be used to obtain a better understanding 
for the phenotype(s) of PCC, ME/CFS, and other PIFI. 
Data collected from Fitbit devices will automatically be 
uploaded to Fitabase, a Fitbit API partner who will pro-
vide a platform for FHCSD to view clean data ready for 
analysis. At the end of the patient’s 12-month review, 
their data will no longer be shared with Fitabase and they 
will be allowed to keep their device.

Researchers
Researcher generated data will be collected by FHCSD 
staff supporting LC&FIRP through EHR chart review 
and survey data including clinical changes to prac-
tice, participation in interventions available, exposure 
to interventions, and patient experience. For all clini-
cians participating in the Randomized Control Trial, the 
changes to practice will be measured by the volume 
of total patient case load, volume of PCC and ME/CFS 
patient case load, and number of referrals made to spe-
cialists at the established intervals of 3-, 6-, 9-, 12-, 18-, 
and 30-months post baseline. For the 10 intervention 
clinician participants, assessment of changes to practice 
will include proportion of cases presented to a multidis-
ciplinary specialist panel and number of specialist recom-
mendations applied from case consultation. In addition, 
for the 10 intervention clinicians, we will measure the 
participation and exposure to topics in weekly teleECHO 
sessions, as well as participation in presenting case forms. 
For all 20 clinician participants, we will review participa-
tion in monthly interactive webinars and quarterly short 
courses and exposure to topics discussed in each, respec-
tively. We will conduct an EHR chart review to measure 
the number of specialists seen by a patient and specialty 
types they were exposed to during their 12-month fol-
low-up period. The objective of this data collection is 
to inform patient and clinician outcomes and support 
assessment of the feasibility, acceptability, and sustain-
ability of the intervention.

Semi-structured interviews
To inform our evaluation of the feasibility, acceptability, 
and sustainability of our proposed intervention, at the 
end of study, we will conduct 30-min interviews with the 
participating multidisciplinary specialists to obtain their 
perceptions of participation, satisfaction, and potential 
barriers to sustained participation. Sustainability will be 
influenced by how clinic administrators perceive partici-
pating clinicians’ performance and clinician’s perceptions 
of the expert consultation model. Thus, we will conduct 
30-min qualitative interviews with both clinicians and 

clinic administrators to assess perceptions of change in 
clinicians’ productivity, patient panel composition, qual-
ity of care for complex cases, and influence on peers in 
the same clinic.

Learners
Monitoring and evaluation of the monthly interactive 
webinar and quarterly short courses will include infor-
mation from registered learners, webinar attendance 
data, and post webinar surveys. The demographic data 
will include but will not be limited to identifiable infor-
mation about a learner’s affiliated organization, city of 
practice, clinical area of expertise, and patient popula-
tions served. The monthly interactive webinar and quar-
terly short course registration and attendance data will be 
collected passively through Zoom and REDCap Cloud, 
UNM, and UoC’s registration software, respectively. The 
attendance data will measure how many sessions each 
learner attended and the amount of time they attended. 
The objectives of this data collection are (1) to support 
the provision of CME and (2) to document the reach of 
the educational component of this intervention.

Project ECHO UNM will offer instant CME, CNE, and 
CPE credits to learners at each monthly interactive webi-
nar. Learners will obtain the credits by filling out a brief 
post webinar survey accessed through a link in the email 
announcement and entered in the Zoom Chat toward the 
end of each webinar. Learners will fill out a survey with 
a standard set of questions required for accreditation as 
well as additional questions identified by collaborators 
as essential for the purposes of the program. Since the 
survey is required to receive educational credits, it must 
be personally identified and is therefore not anonymous. 
The survey will remain open after the monthly interac-
tive webinar for a short time. After learners complete 
the survey, they will receive a certificate via email. Pro-
ject ECHO will utilize a REDCap online data collection 
system to collect survey data for all post-webinar sur-
veys. After each webinar, a formal feedback report will 
be provided to include a summary of responses and com-
ments by session, aggregate CME feedback, total credits 
awarded, and attendees by type.

The quarterly short course survey will mirror the 
monthly interactive webinar survey. Any learner who is 
not a part of the randomized controlled trial will be asked 
to give consent for follow-up surveys. The quarterly short 
course survey responses, registration information, and 
attendance data for learners will be shared in an aggre-
gate follow-up report with FHCSD.

Data collection and generation methods
Clinicians will generate data via self-reported sur-
vey, clinical encounters, and engagement in teleECHO 
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sessions. Data will be captured and stored using RED-
Cap Cloud and iEcho. Patients will generate data via 
self-reported survey and results of clinical encounters. 
Data will be captured and stored within the EHR/CMIS 
at FHCSD. Researchers will generate data from review 
of clinical encounters with EHR and teleECHO sessions. 
Data will be captured and stored within EHR/CMIS at 
FHCSD, REDCap Cloud, and iECHO.

In addition, semi-structured interviews will be con-
ducted with clinicians, multidisciplinary specialists tak-
ing part in teleECHO sessions, and clinic directors at 
FHSCD. All 30-min interviews will be recorded and tran-
scribed, and transcriptions will be stored and processed 
using N-Vivo (QSR International software) for qualita-
tive analysis. Learners will generate data via self-reported 
demographic information when registering for the 
monthly ECHO sessions and/or quarterly asynchronous 
short courses. In addition, learners will generate data via 
a self-reported survey upon completion of the monthly 
ECHO session and/or quarterly asynchronous short 
courses. Each of the pathways for the collection/genera-
tion of data will have a corresponding standard operating 
procedure (SOP) that trained staff will follow to ensure 
data quality.

Data privacy, management, and quality assurance
This study has been determined to be no more than 
minimal risk, given that risks are not greater than those 
encountered in the context of delivery and receipt of 
medical care. Any potential spontaneously reported 
harms will be dealt with in alignment with the policies 
and procedures of the covered entity, FHCSD. All data 
generated by clinicians and patients will be gathered 
using digital tools that allow for programming of data 
fidelity checks (e.g., preset ranges of acceptable values, 
error notifications for unexpected values, summary of 
skipped measures). Trained members of the research 
team will systematically review data generated by clini-
cians and patients in order to identify any issues that may 
be addressable in a timely fashion after data are meant 
to be collected. Data generated by trained research staff 
through chart review and administrative extraction will 
undergo manual fidelity checks by an additional member 
of the research team who will evaluate the data for com-
pleteness and accuracy.

The confidentiality of clinician and patient data is a top 
priority for the research team. Any information obtained 
about clinicians and patients during this study will be 
treated as strictly confidential to the full extent permitted 
by applicable law and in accordance with HIPPA regula-
tions. Only trained members of the research team will 
have access to patient identifiers and data collected. All 
members of the research team will be trained to ensure 

confidentiality and adherence to standardized proce-
dures. All research staff directly involved with the collec-
tion and storage of research materials will complete CITI 
training and internal FHCSD HIPAA and data security 
training. In addition, the research study will comply with 
policies established by FHCSD’s Data Security Plans. To 
ensure confidentiality, a research code number will be 
assigned to each participant and information that may 
identify them. The research code numbers will only be 
provided to qualified study investigators. Files linking 
names and other identifying information to data will be 
electronically saved using technology that prevents unau-
thorized individuals from accessing and understand-
ing it. If a participant’s information is printed, it will be 
kept locked and accessible only to certified research staff. 
When study results are published no personally iden-
tifying information (according to HIPAA guidelines) 
will be revealed. All data will be collected and managed 
using secure, password protected, web-based tools that 
allow for programming of data fidelity checks (e.g., pre-
set ranges of acceptable values, error notifications for 
unexpected values, summary of skipped measures). All 
entities involved in the present research (FHCSD, UNM, 
UoC, Ata Health, and UW) have access to such tools, 
like REDCap. REDCap provides an intuitive interface 
for data entry, audit trails for tracking data manipulation 
and export procedures, automated export procedures for 
seamless data downloads to common statistical pack-
ages, and procedures for importing data from external 
sources. Trained research staff will systematically review 
data generated by clinicians and patients in order to iden-
tify any issues that may be addressable in a timely fashion 
after data are meant to be collected. Data generated by 
trained research staff through chart review and admin-
istrative extraction will undergo manual fidelity checks 
by an additional member of the research team who will 
evaluate the data for completeness and accuracy. The 
present study is not exceptionally large or long term, and 
no planned interim analyses for efficacy or futility will 
be conducted. Therefore, a Data Safety and Monitoring 
Board will not be appointed.

Statistical analysis
Analyses will be based on the intention-to-treat prin-
ciple. All patients will be analyzed in the condition to 
which the clinician to which they were assigned was 
randomized regardless of compliance or fidelity. A “per-
protocol” secondary analysis will be considered if com-
pliance or fidelity of clinicians is a concern. All tests of 
significance will be two-sided and a p-value of 0.05 will 
be considered statistically significant. Group compari-
sons will be conducted on all the measured baseline 
patient characteristics to identify potential systematic 
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differences between patients in each study arm. Identi-
fied patient characteristics that are not balanced will be 
used as covariates in the subsequent modeling of the 
data. Potential differential attrition between the two 
study arms will be compared and adjusted for in analyses. 
Analyses of differences in outcomes at both the patient- 
and clinician-level will include a linear mixed model to 
compare change in outcomes from baseline to each post-
baseline assessment between the randomized study arms. 
Fixed effects will include the study condition, assess-
ment, study condition-by-assessment interaction, base-
line measure, and any unbalanced covariates. Assessment 
will be treated as a categorical variable, and an unstruc-
tured variance–covariance structure will be used. Results 
will be reported as point estimates (mean differences 
between groups) and interval estimates (95% confidence 
intervals). An intervention effect will be concluded if the 
p-value for the study arm-by-assessment interaction con-
trast in the model at the final assessment is statistically 
significant. This approach uses all available data and is 
robust to data missing at random (MAR).

Changes over time among clinicians in the intervention 
condition will be analyzed using generalized estimating 
equation (GEE) models with an exchangeable correlation 
structure. Depending on the variable distribution, we 
will either use log-binomial or Poisson models. The GEE 
approaches allow us to examine differences in subgroups 
by first including interaction terms into the models. This 
will enable us to explore if the intervention differentially 
impacts subgroups of learners and care teams defined by 
a variety of variables of interest (e.g., age, sex, location, 
etc.). Similar longitudinal data analysis approaches will 
allow us to examine differences in outcomes between 
cohorts at FHCSD and UW. In order to investigate the 
time to uptake of specialist recommendations between 
cohorts, a Cox proportional-hazards model will be 
applied. In addition, Kaplan–Meier curves and log-rank 
tests will be performed.

Data from the semi-structured qualitative interviews 
will be transcribed verbatim, transcripts will be uploaded 
into N-Vivo (QSR International software) for qualita-
tive analysis. We will use a three-phased thematic analy-
sis technique to code the responses using deductive and 
inductive codes. Authentication of key themes will occur 
by discussion and consensus with the research team.

Sample size
To ensure that study has adequate power to determine 
the effectiveness of the intervention to improve outcomes 
of interest, we have powered our study on physical func-
tion after 12  months measured using the PROMIS-29. 
We believe that this will provide adequate power to 
examine differences in additional key outcomes (e.g., 

quality of life, anxiety, medication use, etc.) We calcu-
lated the sample size based on a two-sided, two-sample 
t-test at a significance level of 5%. The literature on mini-
mally important differences in the PROMIS-29 domains 
suggests it is equal to 0.45–0.5 SD (4.5–5.0 points on a 
T-score metric). A 0.45–0.5 SD between group difference 
equates to a standardized effect size d between 0.45 and 
0.5. As no similar cluster randomized controlled trial has 
been reported in the literature and Long COVID, ME/
CFS, and other PIFI are heterogeneous, we have assumed 
that the intraclass correlation will be low (ICC = 0.1). 
Adjusting for this clustering of our primary outcome 
between 20 clinicians, we estimate that 600 patients 
(300 per condition, 30 per clinician cluster) will provide 
us with between 80.0% and 87% power. Assuming a loss 
to follow-up rate as high as 30% at the 12-month patient 
endpoint, we will aim to include approximately 856 
patients (42 patients per clinician). In order to achieve 
balance in the proposed longitudinal cohort study, we 
will include 428 patients from the UW Medicine’s Post-
COVID Telehealth Clinic.

Discussion
This study will provide much needed high-quality evi-
dence on the effectiveness of a technology-enabled multi-
disciplinary team-based care model for the management 
of PCC, ME/CFS, and other PIFI within an FQHC set-
ting, while simultaneously providing evidence regard-
ing the feasibility, acceptability, and sustainability of the 
approach. Given that LC&FIRP includes a teleECHO 
program that is case-based, interactive, and occurs in 
real-time, it has a set of distinct advantages to the tradi-
tional practice of sequential in-person specialty referrals 
to address complex patient cases. This may be particu-
larly helpful for cases in which the etiopathogenesis of 
PCC, ME/CFS, and other PIFI is unclear, as multiple spe-
cialist perspectives may be generated and discussed with 
the treating primary care clinician. It may also improve 
the targeted referral to local specialists to minimize 
unnecessary overuse of specialty care and reduce patient 
travel and time burden. We expect that the knowledge 
and confidence of participating clinicians will increase 
over time, that the cases presented to specialists will 
become more complex, and simpler routine cases will 
require consultation less frequently. This approach, 
which is clinician-focused, is nonetheless likely to result 
in more rapid provision of high-quality care for patients. 
We acknowledge that common clinical issues related to 
PCC, ME/CFS, or other PIFI will likely change over time. 
We consider our ability to measure this variation and 
explore its effect on a variety of clinician and patient out-
comes as a strength. Taken together, findings from this 
research should inform how primary care providers and 
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health system leaders support the clinical care of patients 
suffering from PCC, ME/CFS, and other PIFI.

Trial status
This study was approved by Research Support Services at 
San Diego State University (Protocol Number: HS-2021–
0241). This is protocol version 1.0 dated May 15, 2023. 
Recruitment began on November 30, 2021. The esti-
mated study completion date is January 31, 2025.
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