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Abstract 

Background In July 2020, Mayo Clinic launched Advanced Care at Home (ACH), a high‑acuity virtual hybrid hospital‑
at‑home model (HaH) of care at Mayo Clinic Florida and Northwest Wisconsin, an urban destination medical center 
and a rural community practice respectively. This study aims to describe demographic characteristics of ACH patients 
as well as their acuity of illness using severity of illness (SOI) and risk of mortality (ROM), to illustrate the complexity of 
patients in the program, taking into account the different diagnostic related groups.

Methods Mayo Clinic uses All Patient Refined‑Diagnosis Related Groups (APR‑DRG) to calculate SOI and ROM on 
hospitalized patients. APR‑DRG data, including SOI and ROM, were gathered from individual chart reviews from July 6, 
2020, to March 31, 2022.

Results  Out of 923 patients discharged from ACH, the average APR‑DRG SOI was 2.89 (SD 0.81) and ROM was 
2.73. (SD 0.92). Mean age was 70.88 (SD 14.46) years, 54.6% were male patients and the average length of stay was 
4.10 days. The most frequent diagnosis was COVID‑19 infection with 162 patients (17.6%), followed by heart failure 
exacerbation (12.7%) and septicemia (10.9%). The 30‑day readmission rate after discharge from ACH was 11.2% 
(n = 103) and the 30‑day mortality rate was 1.8% (n = 17). There were no in‑program patient deaths.

Conclusions SOI and ROM from patients at the ACH program have been shown to be in the range of “moderate/
major” according to the APR‑DRG classification. The ACH program is capable of accepting and managing highly com‑
plex patients that require advanced therapeutic means. Furthermore, the ACH program has an in‑program mortality 
rate of 0 to date. Therefore, ACH is rising as a capable alternative to the brick‑and‑mortar hospital.
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Introduction
Delivering  high-acuity hospital level care at home has 
increased steadily over the last decade [1]. This effort, 
often referred to as hospital-at-home (HaH) has the 
potential to solve for several current challenges in 
health care, including Emergency Department (ED) 
overcrowding and the high cost of medical care [1–4]. 
Past HaH programs have shown to be successful in 
treating patient with both moderate-acuity medi-
cal illnesses like acute bacterial pneumonia as well as 
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complex clinical scenarios like congestive heart failure 
and neuromuscular disease [5, 6]. But as HaH expands 
as an alternate setting for inpatient-level care, the 
question of what level of inpatient acuity can be safely 
treated in this model remains.

The All Patient Refined-Diagnosis Related Groups 
(APR-DRG) system is used to measure hospitalized 
patient disease burden and has two subclasses, Sever-
ity of Illness (SOI) and Risk of Mortality (ROM) that 
are used by many United States (US) hospital systems 
[7]. APR-DRG metrics is a scale that ranges from 1 to 4, 
with 1 equaling “Low”, 2 equaling “Moderate”, 3 equal-
ing “High” and 4 equaling “Extreme.” The ROM is the 
likelihood of mortality in the program [8]. The SOI is 
defined as the extent of physiologic decompensation or 
organ system loss of function and is designed to predict 
the number of medical resources needed to attend to an 
individual patient [8]. Hence, a more severe patient will 
require more resources and have a higher SOI score. 
The metrics are based on primary and secondary diag-
noses, age and the procedures performed [9]. Both SOI 
and ROM are independent subclasses from each other, 
meaning that is possible to obtain a high SOI score 
with a low ROM [10]. Moreover, the Severity of Illness 
and Risk of Mortality metrics have shown to be better 
predictors than other classifications, such as Charl-
son comorbidity index (CCI) of in-hospital mortality 
among surgical patients [8]. APR-DRG is generated in a 
single algorithm which ensures a uniform methodology, 
unlike CCI that has multiple methods reported in the 
literature to classify the comorbidities [8]. Additionally, 
it is likely that APR-DRG will continue to be accurate in 
future years due to the annual update on new diagnos-
tic and procedural codes.

Advanced Care at Home (ACH) is the Mayo Clinic 
virtual hybrid HaH program which began treating 
patients in 2020. This program treats multiple Mayo 
Clinic patients across the US, with medical care plan-
ning directed by providers in a command center located 
in Jacksonville Florida and executed through in-home 
services delivered by local medical suppliers [11]. This 
model was built with the intention of treating high-
acuity, clinically stable hospital inpatients in the com-
fort of their own homes. The purpose of this study is to 
report the SOI and ROM APR-DRG scores of patients 
treated in ACH. We consider this study to be novel 
because, to date, there have been no previous studies 
in the literature that describe the APR-DRG SOI and 
ROM subclass classification from patients managed in 
HaH programs. We intend to show that patients with a 
higher ROI and SOI and, thus, a greater complexity are 
eligible to receive safe and effective management with 
the ACH model.

Methods
Patient selection and setting
This study was approved by the Mayo Clinic Institu-
tional Review Board as a retrospective chart review 
under protocol number 20–010753 and analyzed the 
de-identified patient data under protocol number 
21–004666. The study was conducted between July 6, 
2020, and March 31, 2022, at three Mayo Clinic Hos-
pitals: Mayo Clinic in Florida, a 304-bed community 
academic hospital in Jacksonville, Florida, Mayo Clinic 
Healths Systems Eau Claire, a 304-bed community 
hospital in Eau Claire, Wisconsin, and Mayo Clinic in 
Arizona, a 268-bed community academic hospital in 
Phoenix, Arizona. The inclusion criteria for this study 
were the following: 1) all patients admitted to the ACH 
program in Florida, Wisconsin, and Arizona, with 
no age restrictions. Patients were excluded from the 
study if they did if they had missing or unknown data. 
Admission to the ACH program is completely volun-
tary. Patients provide both oral and written consent 
to participate in the ACH program and all subsequent 
research and experience studies.

ACH model of care
The ACH model of care has been described in detail pre-
viously [11, 12]. Briefly, ACH is a virtual hybrid model 
where patients receive inpatient care in the comfort of 
their own homes. Patients were admitted to ACH either 
directly from the emergency department directly to 
home, bypassing the hospital inpatient wards, or from 
the brick-and-mortar (BAM) hospital wards when clini-
cally stable. Patients were screened prior to admission 
to the program to ensure clinical stability for the home 
setting and continued inpatient needs (Additional file 1: 
Appendix A). A social screening ensured that the home 
setting was safe for high-acuity care delivery for both the 
patient and the medical staff.

Patients were monitored from the comfort of their 
homes using a technology stack and a specially con-
figured audio/video communication device to com-
municate with their clinical teams. Patients received 
in home care from advanced practice provider visits, 
rapid response services, phlebotomy, nursing care, 
meals, and diagnostic images such as abdominal and 
chest radiographs as they would have received in the 
BAM hospital setting. All ACH patients are seen twice 
daily by either registered nurse or a community para-
medic overseen by the command center virtual regis-
tered nurse. Laboratory studies and basic radiographic 
exams, such as x-rays and ultrasound, are performed in 
the home. Intravenous medications are administered 
by a visiting nurse or community paramedic. Respira-
tory and physical therapy services can be done in the 
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home and the medical plan overseen and adjusted by 
the virtual care team. When the patients reached a sta-
ble endpoint, they were discharged from the program 
with regular primary care provider follow-up.

Data collection and statistical analysis
We used APR-DRG to calculate the severity of illness 
(SOI) and risk of mortality (ROM) among patients 
enrolled in ACH. With the help of APR-DRG, metrics 
regarding SOI and ROM were calculated using EPIC 
Healthy Planet (Verona, WI) and Optum (Optum One) 
to extract the data. Primary diagnostic related groups 
(DRG) were identified and divided into several cat-
egories such as: cardiology, gastroenterology, neurol-
ogy, pulmonary, among others. Data collection was 
extracted from medical charts, administrative record 
abstractions, and insurance claims to document diag-
noses. In addition, demographic characteristics includ-
ing patient age, sex, and average length of stay (ALOS) 
were collected. Thirty-day readmission and mortality 
rates were collected; the 30-day period begins from the 
point of discharge from ACH. If a patient care escala-
tion requiring return to the brick-and-mortar hospital 
occurred while the patient was enrolled in ACH, this 
did not count as a readmission as it was still part of the 
initial inpatient encounter. In-program mortality rate 
was also collected.

After data extraction from the electronic medi-
cal record regarding demographic characteristics and 
classification of each patient into one of the diagnos-
tic related groups, an average and standard deviation 
(SD) measurements were performed of the independ-
ent variables of age, SOI and ROM using SPSS Statis-
tics (IBM, NY). The SOI and ROM of the COVID-19 
and non-COVID-19 patients were calculated and 
compared using the unpaired Mann–Whitney U-test 

with a p-value of < 0.05 being considered statistically 
significant.

Results
A total of 934 patients were admitted to the ACH pro-
gram between July 6, 2020, and March 31, 2022. A total 
of 11 patients were excluded due to missing or unknown 
data, so 923 patients were analyzed. Demographic char-
acteristics showed a mean age of 70.88 (SD 14.46), 
54.3% were male, and the average LOS was 4.10  days. 
The 30-day readmission rate after discharge from ACH 
was 11.2% (n = 103) and the 30-day mortality rate was 
1.8% (n = 17). In addition, the average SOI was 2.89 (SD 
0.81), and the ROM was 2.73 (SD 0.92) which stands in 
a range between “Moderate” and “Major” in the APR-
DRG classification (Table  1). There were no ACH inpa-
tient mortalities recorded during the study period. The 
most frequent diagnosis was COVID-19 infection with 
162 patients (17.6%), followed by heart failure exacerba-
tion (12.7%) and septicemia (10.9%). Infectious diagnosis 
made up 53.6% of cases (n = 495), followed by cardiovas-
cular disease (14.2%), surgical diagnosis (6.8%), airway 
diseases (5.5%), gastrointestinal / hepatobiliary disease 
(5.5%), kidney and urologic disease (5.2%), hematologic 
and oncologic disease (2.6%), musculoskeletal disease 
(2.1%), and endocrine disease (2.1%) (Table 2). Patients in 
the “Major” classification were the most frequent among 
all locations with a total of 378 (ROM) and 459 (SOI) 
patients out of the 923 (Table 3).

As the COVID-19 pandemic began and extended 
through our data collection and since COVID-19 was our 
largest cohort of diagnosis seen (n= 162), we decided to 
run a second analysis excluding these patients to deter-
mine if the SOI and ROM were inflated in value due 
to the number of COVID-19 patients, as it has been 
reported that hospitalized COVID-19 patients have 
higher ROM and SOI [13]. With the COVID-19 patients 

Table 1 Patient Demographics, Average Length of Stay, 30‑Day Readmission Rate, 30‑Day Mortality Rate, Severity of Illness, and Risk of 
Mortality of All ACH Patients

Abbreviations: ACH Advance care at home, MCF Mayo Clinic Florida, MCA Mayo Clinic Arizona, NWWI Northwest Wisconsin, SD Standard deviation, LOS Length of stay, 
Avg Average

MCF MCA NWWI TOTAL

Patients 543 43 337 923

Mean Age (years) 70.88 (SD 14.46) 71.82 (SD 14.37) 70.90 (SD 14.48) 70.88 (SD 14.46)

Male patients (%) 53.2% (n = 289) 55.8% (n = 24) 55.7% (n = 188) 54.3% (n = 501)

Avg. LOS (days) 4.09 4.25 4.10 4.10

30‑day Readmission Rate (%) 11.6% (n = 63) 4.7% (n = 2) 11.3% (n = 38) 11.2% (n = 103)

30‑day Mortality Rate (%) 1.7% (n = 9) 0% (n = 0) 2.4% (n = 8) 1.8% (n = 17)

Severity of Illness (Avg.) 2.98 (SD 0.78) 3.02 (SD 0.82) 2.72 (SD 0.82) 2.89 (SD 0.81)

Risk of Mortality (Avg.) 2.81 (SD 0.92) 3.02 (SD 0.85) 2.58 (SD 0.91) 2.73 (SD 0.92)
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excluded, the mean patient age was 72.02 (SD 14.00), 
53.9% were male, ALOS was 4.31, SOI was 2.79 (SD 
0.80) and the ROM was 2.61 (SD 0.91) (Tables 3 and 4). 
The COVID-19 cohort (n = 162) had a SOI of 3.41 and 
a ROM of 3.35, which was significantly higher than the 
non-COVID-19 cohort (p < 0.001) (Table 5).

Discussion
To our knowledge, this is the first study to describe the 
acuity level of HaH patients in terms of APR-DRG SOI 
and ROM. We found that the overall average APR-
DRG acuity level for ACH patients fell on the high end 
between “moderate” and “major”, with an average SOI of 
2.89 and ROM of 2.73. This finding is crucially impor-
tant as it illustrates the capability of ACH to care for very 
complex patients in the HaH virtual hybrid model. ACH 
patients are receiving high-acuity, inpatient level care 
lasting an average of about 4 days that would otherwise 
have to be performed within the walls of a physical hos-
pital. This is a level of care that cannot be delivered in an 
acute care clinic or observational unit. Previous studies 
have looked at trying to address hospital capacity issues 
by setting up basic home services in order to move low 
acuity patients home [14, 15]. Our hybrid model of care 
[12] is able to combine virtual providers with an in-home 
medical support that can care for many different moder-
ate to complex diagnosis as seen in Table 2. This model 
could be used by other institutions to address capacity 
issues by shifting moderately complex, clinically stable 
patients to an alternate setting for their care.

There are currently over 200 institutions that have 
applied for the Acute Hospital Care at Home waiver and 
are building their HaH programs [16, 17]. As these virtual 
and physical care models are built out, there is a need for 
standardization of acuity and capabilities of these many 
programs. Measuring the acuity of HaH patients with 
SOI and ROM is a reasonable way of evaluating the types 
of patients that programs are admitting. As we look at 
HaH programs’ emergency response teams, patient vol-
ume capacity, and resource needs, programs with higher 
APR-DRG acuity patients may need to be held to a higher 
standard in those areas in order to insure they can both 
provide the level of high-acuity care needed for their 
patients as well as respond promptly to any patient dete-
riorations. As we build better technologies and improve 
our HaH workflows, we must ensure that we never com-
promise patient safety or exceed the capacity capabilities 
of HaH [1]. Directing focus on patient acuity through 
APR-DRG SOI and ROM may help greatly in these 
efforts.

A last advantage of our findings is that they can be 
used as a tool to address concerns of both patients and 
clinicians who are not familiar or comfortable with the 

Table 2 Patient Diagnosis

Total
n = 923

Infection 495 (53.6%)

 COVID‑19 / COVID Pneumonia 162 (17.6%)

 All other Pneumonia 65 (7.0%)

 Septicemia / Bacteremia Complicated 101 (10.9%)

 Skin / Soft Tissue infection 67 (7.3%)

 UTI or pyelonephritis 45 (4.9%)

 Infective Arthritis or Osteomyelitis 21 (2.3%)

 Gastroenteritis / Intestinal Infection 14 (1.5%)

 Peritonitis and intra‑abdominal abscess 13 (1.4%)

 Other infection 7 (0.8%)

Cardiovascular disease 131 (14.2%)

 Heart Failure 117 (12.7%)

 Cardiac Dysrhythmia 6 (0.7%)

 Circulatory disease 4 (0.4%)

 Other Cardiac 4 (0.4%)

Hemotologic and oncologic disease 24 (2.6%)

 Cancer / Neoplastic 13 (1.4%)

 Venous Thromboembolism 5 (0.5%)

 Anemia / Neutropenia 6 (0.7%)

Airway disease 51 (5.5%)

 COPD 21 (2.3%)

 Aspiration pneumonitis 10 (1.1%)

 Respiratory failure 9 (1.0%)

 Bronchitis or sinusitis 4 (0.4%)

 Other Airway Disease 7 (0.8%)

Surgical diagnosis 63 (6.8%)

 Complication after surgery 29 (3.1%)

 Complication of a device, implant, or graft 20 (2.2%)

 Complication of Transplanted Tissue 14 (1.5%)

Gastrointestinal and hepatobiliary disease 51 (5.5%)

 Biliary tract disease 14 (1.5%)

 Diverticulosis and diverticulitis 8 (0.9%)

 Oral and esophageal 8 (0.9%)

 Pancreatitis 5 (0.5%)

 Intestinal obstruction or ileus 3 (0.3%)

 Inflammatory Bowel Disease 2 (0.2%)

 Other gastrointestinal and hepatobiliary 11 (1.2%)

Kidney and urologic disease 48 (5.2%)

 Acute renal failure 28 (3.0%)

 Chronic kidney disease complication 7 (0.8%)

 Fluid and electrolyte disorders 7 (0.8%)

 Other Kidney and Urologic 6 (0.7%)

Musculoskeletal disease 19 (2.1%)

 Osteoarthritis 7 (0.8%)

 Pressure ulcer of skin 5 (0.5%)

 Other Musculoskeletal 7 (0.8%)

Endocrine disease 19 (2.1%)

 Diabetes mellitus with complication 15 (1.6%)

 Pituitary disorders 4 (0.4%)

Other / miscellaneous 22 (2.4%)
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modern virtual hybrid HaH model of care. Skepticism in 
these programs still exists as many are still seen as low-
acuity or glorified outpatient home care [14, 15]. Patients 
with complex medical disease may feel as if their acute 
care needs may not be met in HaH. Similarly, clinicians 
may be reluctant to recommend a program like ACH to 
their severely ill patients as they may feel that they are 
“too sick” for the program. Our findings of the high SOI 
and ROM in the majority of our ACH patients coupled 

with our in-program mortality rate of 0% should help 
reassure both patients and clinicians that a properly built 
HaH program can provide safe and effective inpatient 
care for high-acuity patients at home. This low mortal-
ity rate can mostly be attributed to the careful clini-
cally screening process that is done prior to admitting 
a patient into ACH [12]. This clinical screening process 
(Additional file 1: Appendix A) detects patients that may 
either require higher acuity medical services to treat their 
primary diagnosis or who may be at high risk for rapid 
decompensation. For example, a COVID-19 patient could 
be moved into ACH for home treatment only if they met 
the following criteria: heart rate < 110 beats per minute, 
oxygen saturation level > 94% on 4 or less liters per min-
ute of oxygen, and downtrending inflammatory markers 
on laboratory studies.

Many providers may have only recently had an expe-
rience with HaH or advanced home telemedicine in a 
single diagnosis group (COVID-19) during the recent 
pandemic. Some may be more comfortable with the capa-
bilities of treating COVID-19 patients in this capacity 
but possibly not other diagnosis. Others might question 

Table 3 Frequencies of APR‑DRG ROM and SOI Classification by Location

Abbreviations: MCF Mayo Clinic Florida, MCA Mayo Clinic Arizona, NWWI Northwest Wisconsin, ROM Risk of mortality, SOI Severity of illness

For All ACH Patients (n = 923)
MCF MCA NWWI TOTAL
ROM SOI ROM SOI ROM SOI ROM SOI

Minor (1) 51 17 3 2 46 22 100 41

Moderate (2) 138 121 6 8 101 88 245 217

Major (3) 218 260 21 20 139 179 378 459

Extreme (4) 136 145 13 13 51 48 200 206

Excluding COVID-19 patients (n = 761)
MCF MCA NWWI TOTAL
ROM SOI ROM SOI ROM SOI ROM SOI

Minor (1) 51 17 3 2 46 22 100 41

Moderate (2) 130 121 6 8 91 87 227 216

Major (3) 184 217 17 16 107 133 308 366

Extreme (4) 88 98 6 6 32 34 126 138

Table 4 Patient Demographics, Average Length of Stay, Severity of Illness, and Risk of Mortality Excluding COVID‑19 Patients

Abbreviations: ACH Advance care at home, MCF Mayo Clinic Florida, MCA Mayo Clinic Arizona, NWWI Northwest Wisconsin, SD Standard deviation, LOS Length of stay, 
Avg Average

MCF MCA NWWI Total

Patients 453 32 276 761

Mean Age (years) 72.00 (SD 14.63) 74.12 (SD 9.08) 71.80 (SD 13.40) 72.02 (SD 14.00)

Male patients (%) 52.31% (n = 237) 65.62% (n = 21) 55.07% (n = 152) 53.88% (n = 410)

Avg. LOS (days) 4.39 3.78 4.24 4.31

Severity of Illness (Avg.) 2.87 (SD 0.79) 2.81 (SD 0.81) 2.65 (SD 0.80) 2.79 (SD 0.80)

Risk of Mortality (Avg.) 2.68 (SD 0.91) 2.81 (SD 0.85) 2.46 (SD 0.91) 2.61 (SD 0.91)

Table 5 Comparison of SOI and ROM between COVID‑19 
Patients and Non‑COVID‑19 Patients

Abbreviations: ACH Advance care at home, MCF Mayo Clinic Florida, MCA Mayo 
Clinic Arizona, NWWI Northwest Wisconsin, SD Standard deviation, LOS Length 
of stay, Avg Average
† Calculated by the unpaired Mann–Whitney U-test

COVID-19 
Positive
(n = 162)

COVID-19 
Negative
(n = 761)

P-value†

Severity of Illness (Avg.) 3.41 2.79  < 0.0001

Risk of Mortality (Avg.) 3.35 2.61  < 0.0001
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if our findings were inflated by the known high SOI and 
ROM associated with the COVID-19 APR-DRG. Several 
of our findings in our second data analysis may address 
these concerns. First, we found that the average SOI and 
ROM of our COVID-19 patients (n = 162) was 3.41 and 
3.35 respectively, supporting the belief that this cohort of 
patients is severely ill. Providers that did treat COVID-
19 patients in HaH models may not have realized how 
severely ill they truly were, giving them more comfort 
to treat other high-acuity diagnosis at home. Second, we 
found that although the COVID-19 cohort had signifi-
cantly higher SOI and ROM scores, even with this cohort 
of patients removed there was not a large decrease in our 
SOI or ROM (2.89 to 2.79 and 2.73 to 2.61 respectively), 
indicating that acuity of the non-COVID-19 patients still 
falls in the “moderate” to “major” category.

Limitations
This study has several limitations. First of all, APR-DRG 
SOI and ROM are not comparable between diagnostic 
related groups, which means that a patient with a score 
of 4 or “extreme” in the cardiology diagnostic related 
groups is not comparable with a 4 in the neurology cat-
egory. Additionally, potential causes of biased differences 
between expected and observed values derived from 
regression models can modify the result. These types of 
bias include having a disproportionate share of patients 
with the missing risk factor(s) or if the hospital consist-
ently under or over reports risk factor(s) with influential 
effects on the model estimates and thus, alter the metric 
calculations. Lastly, if the statistical model is not properly 
calibrated and tested for systematic over or under estima-
tion, then the model may systematically overestimate or 
underestimate expected values.

Conclusion
The Advanced Care at Home virtual hybrid hospital-
at-home program is capable of treating patients with 
“moderate” to “major” disease states, providing a real-
istic alternative for high-acuity care outside the brick-
and-mortar hospital setting. Further investigations into 
patient acuity may both help build a more robust accept-
ance for ACH in patients with complex medical diseases 
as well as help standardize resource needs for patients in 
HaH programs with different acuity levels.
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