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A B S T R A C T   

In response to the unprecedented surge of patients with COVID-19, Massachusetts General Hospital created both 
repurposed and de-novo COVID-19 inpatient general medicine and intensive care units. The clinicians staffing 
these new services included those who typically worked in these care settings (e.g., medicine residents, hospi-
talists, intensivists), as well as others who typically practice in other care environments (e.g., re-deployed 
outpatient internists, medical subspecialists, and other physician specialties). These surge clinicians did not 
have extensive experience managing low frequency, high acuity emergencies, such as those that might result 
from COVID-19. Physician-innovators, in collaboration with key hospital stakeholders, developed a compre-
hensive strategy to design, develop, and distribute a digital health solution to address this problem. MGH STAT is 
an intuitive mobile application that empowers clinicians to respond to medical emergencies by providing im-
mediate access to up-to-date clinical guidelines, consultants, and code-running tools at the point-of-care. 100% of 
surveyed physicians found STAT to be easy to use and would recommend it to others. Approximately 1100 
clinicians have downloaded the app, and it continues to enjoy consistent use over a year after the initial COVID- 
19 surge. These results suggest that STAT has helped clinicians manage life threatening emergencies during and 
after the pandemic, although formal studies are necessary to evaluate its direct impact on patient care.   

1. Background 

In April 2020, Massachusetts had become a hotspot for coronavirus, 
with the third-most reported number of cases in the nation despite being 
the country’s 15th most populous state.1,2 This phenomenon was tied to 
an international Biogen Corporate Conference held in February 2020 at 
the Boston Marriott Long Wharf Hotel. The two-day event would herald 
one of the nation’s first super-spreader events, and while Massachusetts 
accounted for most of the virus’s early spread, the Biogen conference 
would ultimately lead to the infection of an estimated 300,000 people.3 

During this time, Massachusetts General Hospital (MGH) had the 
highest number of COVID-19 confirmed admissions within the state of 
Massachusetts, and daily hospitalizations from coronavirus were pro-
jected to continue rising.4 In preparation for the anticipated escalation 
in patient volume, hospital leaders proactively transformed existing 
inpatient clinical spaces into areas that could effectively and safely care 
for COVID-19 patients. 

The primary workforce covering these units was the existing inpa-
tient medicine staff, which included internal medicine (IM) residents, 
hospitalists, and intensivists. However, in order to maintain adequate 
staffing amidst the surge of COVID patients, the hospital re-deployed 
clinicians—attendings, residents, and advanced practice providers 
(APPs)—from other specialties, including primary care, medical sub-
specialties, pediatrics, diagnostic radiology, orthopedics, and neurology. 
These clinicians had a wide range of depth and recency of experience 
with managing adult inpatient emergencies such as myocardial infarc-
tion, respiratory failure, pulmonary embolus, cerebrovascular accident, 
and cardiac arrest, including amongst patients with COVID-19.5–9 

Each redeployed staffing group was buttressed with clinical over-
sight from hospitalists; however, given the time-sensitive nature of these 
emergencies (where seconds often matter), it was deemed crucial to 
empower the initial responding clinician with immediate access to 
clinical guidelines for life-threatening medical emergencies, consultants 
who could provide definitive treatment, and tools for managing cardiac 
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arrests. Surge providers—including redeployed clinicians—would then 
be able to more efficiently and effectively manage common inpatient 
medical emergencies, as well as decrease the chance of putting patients 
at risk of adverse outcomes due to delays in care—all while responding 
to COVID-19. 

2. Organizational context 

MGH is a large quaternary-care academic referral center and Level-1 
trauma center located in the heart of the city of Boston. It is the oldest 
and largest hospital in Massachusetts, with 1059 staffed beds, and a 
teaching affiliate of Harvard Medical School. It is also part of Mass 
General Brigham (MGB), the largest integrated healthcare system and 
private employer in the state, and affiliated with the Massachusetts 
General Physicians Organization (MGPO), which represents over 2600 
clinicians. 

In early spring, MGH had the highest number of COVID-19 confirmed 
cases in the state, with rates of infection continuing to rise.4 Conse-
quently, its Hospital Incident Command System (HICS) led massive 
restructuring initiatives to transform existing inpatient clinical spaces, 
including post-anesthesia care units and operating rooms, into surge 
units that could care for both floor-level and ICU-level patients. All 
institutional resources were prioritized to support surge efforts, with the 
singular goal of meeting the longitudinal standard of care in the hospi-
tal. During non-pandemic times, HICS is responsible for preemptively 
identifying needs and developing strategies for various disaster sce-
narios (e.g. active shooter, hurricanes, earthquakes), overseeing general 
emergency preparedness and response capability, and training staff 
through simulations and hospital-wide drills. 

3. Personal content 

The hospital’s Healthcare Transformation Lab (HTL) is a healthcare 
delivery innovation center. One of its functions is to serve as an incu-
bator for the rapid creation of practical solutions for departmental or 
hospital-wide problems. It is comprised of a multidisciplinary team, 
bringing together an eclectic mix of clinicians, graphic designers, soft-
ware engineers, data scientists, and product managers. The paper’s au-
thors are comprised of physician innovators within HTL and within the 
Department of Medicine, and they recognized the urgent need for a 
rapidly deployable, scalable, and intuitive solution to help surge clini-
cians manage bedside emergencies during a pandemic. This team part-
nered with key physician-leaders across multiple departments (e.g., 
Internal Medicine, Interventional Cardiology, Neurology, and Anesthe-
siology) as well as specialty-specific committees to find an answer to this 
pressing problem. 

4. Problem 

In general, hospitals have standardized guidelines for many low 
frequency, high acuity inpatient emergencies. Because these emergen-
cies are so infrequent, all clinicians, from trainees to experienced at-
tendings, benefit from having these guidelines readily accessible at the 
point-of-care. Unfortunately, they often come in the form of e-mails, PDF 
files, internal program websites, or sheets of paper taped to the walls of 
provider stations. The authors quickly recognized that this approach 

could lead to delays in care, errors in treatment, and outdated infor-
mation since what is most needed is rapid access to this information 
while at the bedside. In addition, these algorithms are somewhat dy-
namic (especially during a pandemic) and require active updating. 
These barriers can be overcome with mobile applications that increase 
clinician familiarity with, access to, and applicability of disease-specific 
guidelines.10,11 Although the authors had brainstormed a digital solu-
tion to address this issue prior to the pandemic, COVID-19 accelerated 
the impetus given new surge clinicians, necessitating its rapid creation. 

From the onset, it was clear that a provider-centered digital health 
solution in the form of a mobile smartphone application (app) would be 
the most effective approach in addressing this specific problem since it 
could be developed quickly and deployed broadly across the hospital.12 

Anecdotally, clinicians did not routinely use smartphone apps when 
treating patients with acute, life-threatening emergencies at the 
point-of-care. Such a digital tool would require a behavior change; 
therefore, any solution would need to offer significant value in addition 
to being practical and easy to use during high-stress scenarios. 

The authors selected nine high-acuity, time sensitive diagnoses based 
on informal surveys of inpatient physicians: myocardial infarction, res-
piratory failure, pulmonary embolism, cerebrovascular accident, car-
diac arrest, modified cardiac arrest algorithm for patients with known or 
suspected COVID-19, unstable tachycardia, unstable bradycardia, and 
post-cardiac arrest care. Each of these clinical guidelines already had a 
protocolized standard of care, having previously been vetted by their 
respective specialty-specific committees—these algorithms were 
collected, organized, and modified by the authors (with institutional 
collaboration and approval) to better serve patients during the 
pandemic. All ACLS content was graciously approved and licensed by 
collaborators from the American Heart Association (AHA). 

After compilation of the content, creation of the app, and thorough 
beta-testing, the main challenges anticipated by the team were two-fold. 
The authors needed to convince key stakeholders within these specialty- 
specific committees, various hospital departments (e.g., Medicine, 
Neurology, Anesthesiology), and the AHA of the significant advantages 
of using a novel digital health approach to managing these emergencies 
at the point-of-care. In addition, they needed to find a way to make the 
app rapidly available to frontline clinicians despite a lengthy review 
process for all new digital tools—this process required vetting and 
approval from the hospital’s information technology (IT), risk review 
(RR), and mobile application review teams, which, on average, normally 
took weeks to complete. 

5. Solution 

The authors recognized that a lack of familiarity with time-sensitive 
inpatient emergencies could potentially delay life-saving interventions. 
Their goal was to design, develop, and distribute a digital health solution 
that could aid all surge clinicians in managing patients with acute, life- 
threatening emergencies at the bedside. To do this, clinicians on the 
development team mapped out the typical workflow, experiences, and 
challenges of responding to emergencies at the bedside. Residents 
within the group expressed that medical crises were often fear-inducing 
and disorienting given their own lack of experience, and these anxieties 
were elevated due to the pandemic.13 Moreover, in a setting in which 
powerful emotions often cloud judgment, it was clear the app would 

Table 1 
Team composition, hours & cost estimates for STAT.  

Title Role Hours Cost 

UI/UX Designer Design front-end that optimizes user experience 20 $34/hour 
Junior Software Engineer Develop software program 45 $43/hour 
Resident Physician Approve clinical guidelines; beta-test app and give user feedback 100 Volunteer 
Attending Physician 40 $150/hour 

Estimated Project Budget of $8615  
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need to be very easy to use, while minimizing the number of button 
options to press, the number of words to read, and the complexity of 
diagrams. 

With this perspective in mind, the innovation team brainstormed a 
front-end interface for the app that its primary users could easily navi-
gate. This team was comprised of user interface/user experience (UI/ 
UX) designers, a software engineer, residents, and attending physicians, 
and their roles and estimated costs are provided in Table 1. The 
conceived design underwent multiple rounds of rapid iterative changes 
based on regular feedback from clinicians who would subsequently beta- 
test each new version under simulated conditions. The final design 
layout for the cardiac arrest COVID-19 guideline is shown in Fig. 1. The 
app was appropriately named STAT, a Latin-derived parlance meaning 
“immediately” that is commonly used during medical crises. 

The development team proactively sought multi-departmental 
stakeholders for the MGH STAT app early on. These stakeholders were 
composed of resident physicians, senior faculty, clinical guideline 
committee members, and department chairs, all of whom were informed 

opinion leaders and trusted sources for implementing innovative ideas. 
They were involved throughout the app design, development, and 
dissemination process. Their feedback led to productive design changes 
and, once those were incorporated, the revised app was re-sent to col-
laborators in what would be multiple iterative cycles of testing and 
design enhancements (see Fig. 2).14 This process also allowed for dis-
cussions between departmental representatives, resulting in improved 
changes to existing protocols. For example, conversations between the 
Department of Medicine and Department of Anesthesiology led to 
changes to the COVID-19-specific emergency airway algorithm. This 
approach allowed the team to balance the resource limitations and 
concerns of various departments while optimizing patient safety (see 
Fig. 3). 

Once all stakeholders approved of the design, content, and features 
of the app, the authors asked leaders of MGH’s emergency response 
system, known as the Hospital Incident Command System (HICS), to 
make the launch an institutional priority, given its potential to improve 
patient care across the entire hospital. MGH STAT was deemed a HICS 

Fig. 1. MGH STAT cardiac arrest COVID-19 screens.  

Fig. 2. STAT development process from ideation to launch.  
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high priority project, allowing it to quickly proceed through the IT, RR, 
and mobile application vetting process. By obtaining high priority sta-
tus, the team was able to accelerate the project—this workflow, which 
would typically take weeks to months, was completed in just a few days. 
The approved app was then successfully uploaded onto the hospital’s 
internal app catalog. The primary team created a simple informational 
one-page document about MGH STAT, and the stakeholders within the 
various departments attached this document to an e-mail informing 
their constituents about this new digital health tool. 

Based on data provided by Google Analytics, as of August 2021, there 
are roughly 1100 clinicians across a broad range of specialties who have 
STAT installed on their phones. It is not known how many users are 
attendings, APPs, or resident physicians because demographic infor-
mation was not collected. From 4/19/2020 through 8/26/21, there 
were approximately 35,000 user-mediated interactions, defined as ac-
tions like opening the app, navigating new screens, and pushing buttons. 
On average, this translates to approximately 70 interactions per week, 
although the highest levels of user activity occurred during the initial 
COVID-19 surge in 2020. From 1/1/2021 through 8/26/21, there were 
approximately 63 interactions per week. 

To gain a better understanding of the physician user experience with 
MGH STAT, the team anonymously surveyed IM resident physicians 
within the Department of Medicine (82 of 210) 6 months after the app 
was launched. The survey had 5 questions related to the app’s perceived 
usefulness, using a Likert scale with choices ranging from “Strongly 
Disagree” to “Strongly Agree” (See Supplemental File). It was delivered 
to these clinicians using a Google Forms survey tool, which solicited 
subjective feedback regarding the utility and user-experience of STAT. 
These clinicians included interns, junior residents, and senior residents. 
The development team also incorporated a back-end analytics platform, 
called Google Analytics, to track the total number of users and user 
behavior. The results of these findings are provided as follows:  

• 100% (82 of 82) of all surveyed users either agreed (n = 15) or 
strongly agreed (n = 67) that they would recommend the MGH STAT 
app to others, especially interns, junior residents, and non-medicine 
attendings.  

• 100% (82 of 82) of all surveyed users either agreed (n = 19) or 
strongly agreed (n = 63) that MGH STAT was easy to use.  

• 97.5% (80 of 82) of all surveyed users either agreed (n = 23) or 
strongly agreed (n = 57) that MGH STAT would help them better 
manage acute life-threatening emergencies at the bedside.  

• 91.4% (75 of 82) of all surveyed users either agreed (n = 14) or 
strongly agreed (n = 61) that MGH STAT would improve patient 
outcomes for acute life-threatening emergencies at the bedside.  

• 96.3% (79 of 82) of all surveyed users either agreed (n = 12) or 
strongly agreed (n = 67) that apps like MGH STAT would be useful at 
other hospitals and healthcare settings. 

6. Unresolved questions & lessons for the field 

STAT was rapidly designed and launched by an in-house innovation 
center during COVID-19 to help clinicians manage inpatient emergen-
cies at the point-of-care. It provides immediate access to up-to-date 
clinical guidelines, the ability to call or page consultants to expedite 
therapeutic management, and the benefit of code-running tools (e.g. 
timer, intervention log, contact ECMO consultant). Its popularity and 
positive reception among surveyed resident physicians may be in part 
due to a general acceptance of medical apps by healthcare professionals 
to help guide patient care.15–18 Survey results also show that all users 
would recommend STAT to less experienced clinicians, since the vast 
majority felt it was easy to use, helped them better manage emergencies 
at the point-of-care, and would lead to better patient outcomes. 

It is worth noting that while the app was initially created for use by 
surge clinicians not as familiar with inpatient medical emergencies 
during a pandemic, usage of the app has continued to be steady all the 
way to the present day, well after the first COVID-19 surge. This pattern 
suggests that even clinicians who regularly manage inpatient emer-
gencies find the app to be helpful and continue to use it. In fact, by 
October, re-deployed clinicians were no longer staffing the floors—user 
engagement of the STAT app after this point was attributed to regular 
use by inpatient IM clinicians. These outcomes provide further support 
for the use of digital health tools as adjuncts to improving patient care. 
Although clinician-users had an overwhelmingly positive perception of 
its effect on treatment, its actual impact on patient outcomes is un-
known, and formal studies are necessary to evaluate this. 

This project highlights the importance of engaging key stakeholders, 
including senior departmental leadership, early and often throughout 
the development process, since their buy-in is necessary for a successful 
launch and broad, hospital-wide acceptance. They can also function as 
physician champions for the initiative within their respective areas of 
influence. Additionally, clinician innovators who want to construct 
digital tools like STAT during a crisis event should carefully craft a 
compelling case to their respective institutional leaders (e.g. HICS) as to 
why their digital innovation should be a high priority for the institution, 
thereby gaining necessary resources to accelerate completion. 

The successes of STAT are likely generalizable to academic medical 
centers and large community hospitals with the resources to invest in 
their own tech-enabled solutions, though possibly more difficult to 
replicate at small-to-medium sized hospitals. If such hospitals lack the 
required capital expenditures to build in-house infrastructure and 
staffing to execute similar projects, they could consider partnering with 

Fig. 3. Graphical representation of daily interactions from 4/19/20 through 8/26/21.  
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nearby universities to leverage the expertise of graduate level students 
(e.g., computer scientists, engineers, graphic designers). These students 
can work with clinicians to build patient-centered products whilst 
gaining invaluable work experience and satisfying curricular re-
quirements. Alternatively, there are companies that work with clients to 
design, build, and maintain mobile applications. 

This case report demonstrates the practicality and effectiveness of 
applying a digital health solution like STAT to augment patient care 
during an unprecedented, modern pandemic. The authors believe its 
application can extend to other disaster scenarios that create similar 
operational, personnel, and patient care-related challenges for health-
care systems, such as mass casualty events, natural disasters, and future 
pandemics.19,20 Hospitals should explore creative ways in which digital 
health tools can assist clinicians with patient care when facing present 
day and future healthcare disasters.21,22 This case report provides a 
framework for thoughtfully designing a digital health solution around 
the needs of clinician users, creating a strategy for rapid hospital wide 
dissemination, and evaluating its impact through surveys and data 
analytics. 
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