Online Supplement to CDC’s Hospital Sepsis Program Core Elements are associated with improved management and outcomes of sepsis
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	Locations of HMS hospitals.


General Overview
The Hospital Medicine Safety Consortium (HMS) is a Collaborative Quality Initiative (CQI), launched in 2010 with 16 participating hospitals. The goal of HMS is to improve the quality of care for hospitalized medical patients who are at risk for adverse events. By 2022, HMS membership increased to over 65 hospitals across Michigan. 

The HMS CQI targets hospitalists, as well as intensivists and emergency medicine physicians. Due to their management of diverse groups of hospitalized patients and close interactions with hospital staff such as sub-specialists, nurses, and pharmacists, hospitalists are ideally positioned to champion quality improvement (QI) efforts with a goal of preventing adverse events in hospitalized patients. 

Sponsorship/Overall Funding Model
HMS is one of more than 20 CQIs sponsored by Blue Cross Blue Shield of Michigan (BCBSM) as a part of their Value Partnerships Program. Value Partnerships is a collection of programs from BCBSM, physicians, and hospitals across Michigan that make health care work better for everyone. It's a unique, collaborative model using data collection and sharing of best practices to help health professionals improve patient outcomes.

Value Partnerships improve the quality of care, making it more cost-effective based on the following guiding principles:
· Partnering with providers to deliver clinical programs and aligned provider payments that improve the delivery of high quality, affordable health care
· Designing and executing programs in a customized and collaborative manner, rather than using a one-size-fits-all approach
· Offering a portfolio of interdependent programs that collectively drive outcomes
· Focusing on investments in transformation of care processes
· Recognizing and rewarding the performance of organizations as well as individual providers
· Rewarding improvement to create meaningful incentives for all participants and partner organizations
· Encouraging collaboration among participants

Pay for Performance
BCBSM’s Hospital Pay-for-Performance (P4P) program recognizes short term acute-care hospitals for achievements and improvements in quality and population-health management. Specifically related to the CQIs, hospitals can earn up to 40% of their P4P points based on performance. To determine hospital-specific performance, each CQI annually develops a Hospital Performance Index Scorecard to assess a hospitals performance over a given year related to key quality initiatives.
For more detailed information, please visit the BCBSM Value Partnership website. 

HMS Leadership & Committees
The work of the collaborative is led by a leadership team within the HMS Coordinating Center and two committees: the executive committee and the data, design, and publication (DDP) committee. 

HMS Coordinating Center
Michigan Medicine houses the Coordinating Center for HMS and is responsible for collecting and analyzing comprehensive clinical data from the participating hospitals. It uses these analyses to evaluate and understand current practice, support the implementation of improvement strategies, and to evaluate change over time. The Coordinating Center supports participants in establishing quality improvement goals and assists them in implementing best practices. For additional Coordinating Center details, please visit the HMS website. 

Executive Committee
The purpose of the executive committee is to determine the mission and vision of the collaborative, review current performance and address consortium operational issues, identify and discuss implementation strategies, and establish the future course. The executive committee meets once per year – usually in the Fall – in person. The committee members consist of Coordinating Center Leadership, BCBSM leadership, implementation scientists/local quality experts, and leaders from member hospitals. 

Data, Design, and Publications (DDP) Committee
The purpose of the HMS Data, Design, and Publications (DDP) Committee is to review and approve data collection methods, performance index measures, programming issues, data analysis methods, quality improvement materials, and the scholarly work of the collaborative. Physician Champions and Quality Improvement Leads/Administrators from all hospitals are invited to participate on this Committee. A clinical data abstractor lead also participates in this Committee as a representative for that role in discussions. The DDP meets monthly via teleconference and 10 to 15 members attend regularly. 
Critical Care Steering Committee
The purpose of the Critical Care Steering Committee is to help drive improvement efforts in intensive care units across Michigan. Engage, support, and disseminate HMS critical care-focused scholarly work, and identify opportunities for collaboration across disciplines caring for the hospitalized medical patient (i.e., general medicine, emergency medicine, infectious diseases, pharmacy, vascular access, etc.).

Consortium Building/Recruitment
Eligible hospitals within the State of Michigan are recruited annually. In 2020, HMS became one of seven required CQIs within the BCBSM Value Partnerships portfolio. If a hospital is eligible for participation in a required CQI and, at the time of recruitment (when the coordinating center reaches out to ask a hospital to join), voluntarily elects not to participate, the hospital forfeits the ability to earn the P4P incentive attributed to the CQI. HMS welcomes approximately 10 hospitals to the consortium each year. The below diagram shows the hospital onboarding since the inception of the collaborative. For a complete list of participating hospitals, please visit our website. 

Hospital Participation - Eligibility and Expectations
To participate in HMS, a hospital must meet the following eligibility criteria:
· Be enrolled in BCBSM’s Participating Hospital Agreement. 
· Have a physician/physician group dedicated to the care of patients in the inpatient hospital setting focused on the care of general medical patients including critical care. For example, hospital program, general internist group, etc.  
· Have a sufficient inpatient medical discharge volume of at least 25 eligible adult patients (age 18 years or older) per quarter. Eligibility is based on current QI initiatives. All patients do not have to be managed by the hospitalist program. 
· Have organizational commitment for active participation. 
· Have an onsite physician champion(s) to act as Clinical Champion. 
· Engage members of the multidisciplinary team as it relates to collaborative initiatives. For example, infectious diseases (ID), pharmacy, vascular access, interventional radiology, infection prevention, critical care, etc. 
· Have a QI/administrative lead who will work on the collaborative initiatives.
· Have or hire a clinical data abstractor (many of the medical record based data elements to be collected and the follow-up patient calls will require someone with a clinical / healthcare background). While the Collaborative doesn’t require a nurse for the role of the clinical data abstractor, it is highly recommended. More than 95% of the clinical data abstractors are nurses.
· Participate in all initiatives in which the hospital is eligible for participation


Additional Information
For more information about HMS, please visit the HMS website (http://mi-hms.org/) or follow us on twitter (@HMS_MI). For information related to the CQIs, please visit www.valuepartnerships.com.


[bookmark: _Toc209559958][bookmark: _Toc209642824]e-Appendix 2: HMS-Sepsis Initiative

Data collection for the HMS-Sepsis initiative involves the abstraction of patient data for 18 eligible cases every 2-week abstraction cycle. 

Why we require 18 hospitalizations per abstraction period. Hospitals are required to abstract 18 cases per two-week period. Blue Cross Blue Shield of Michigan funds 1 FTE data abstractor at each hospital. We complete time trials each summer to determine the average time to complete data abstractions. We use these data to set abstraction requirements after accounting for vacation and other duties (e.g., participation in collaborative-wide meetings, completion of biannual survey, time for quality improvement activities, etc.). 

How hospitals determine which hospitalizations to abstraction. Potentially eligible hospitalizations during the abstraction period are identified at each hospital based on standardized criteria provided to the hospitals (e.g., diagnostic codes, age). Potentially eligible hospitalizations identified by the standardized criteria are then sorted by minute of discharge time-stamp (i.e., a pseudo-random number). Abstractors then review potentially eligible hospitalizations in order until 18 eligible hospitalizations have been identified and abstracted. Approximately one-third of hospitalizations reviewed are ineligible (generally due to lack of acute organ dysfunction on encounter day 1 or 2). Data are entered into the HMS-sepsis registry via a HIPAA-compliant website that has decision support embedded. The website will indicate whether hospitalizations are eligible vs ineligible after initial data are entered, after which abstractors complete the abstraction for eligible hospitalizations or move to the next case in their list. Compliance with this process is audited by the coordinating center to ensure that hospitals are abstracting a random sample of sepsis hospitalizations.

Inclusion criteria (all 3 required)
1. Principal discharge diagnosis code of sepsis, pneumonia, influenza, COVID-19, or respiratory failure (with secondary diagnosis of pneumonia, influenza, or COVID)

Sepsis: A02.1, A20.7, A22.7, A26.7, A32.7, A39.1, A40.0, A40.1, A40.3, A40.8, A40.9, A41.01, A41.02, A41.1, A41.2, A41.3, A41.4, A41.50, A41.51, A41.52, A41.53, A41.59, A41.81, A41.89, A41.9, A42.7, A54.86, B37.7, R65.20, R65.21
Influenza:J09*, J10*, J11*
Pneumonia: J12* (EXCEPT J12.82, which should be included but considered a COVID code), J13*, J14*, J15*, J16*, J17*, J18*, A48.1, J85*
COVID: J12.82 & U07.1
Respiratory Failure: J80*, J96.0*, J96.9*
Additional rules/guidance: Cases with a primary code of Respiratory failure; must have a Pneumonia or Influenza Code as secondary. For a case with a primary code of COVID, Influenza, or Pneumonia, must have one of the following codes as secondary: D65, D69.59, D69.6, F05, G93.40, G93.41, G93.49, I46.8, I46.9, I95.1, I95.89, I95.9, J80, J96.00, J96.01, J96.02, J96.90, J96.91, J96.92, K72.00, K72.01, K72.90, K72.91, K76.2, K76.3, N17.0, N17.1, N17.2, N17.8, N17.9, R03.1, R06.03, R09.2, R40.20, R40.0, R40.1, R57.0, R57.1, R57.8, R57.9, R65.20, R65.21. 
2. Evidence of infection. Receipt of qualifying antimicrobial within 2 calendar days of presentation, from CDC’s adult sepsis event definition, unless primary diagnosis of COVID. 

3. Evidence of acute organ dysfunction present within 2 calendar days of presentation. For principal discharge diagnosis of pneumonia, influenza, or COVID, there must be acute respiratory dysfunction.
· Supplemental oxygen >4L (35% FIO2) for >2 hours on a given calendar day and no history of chronic respiratory failure (J96.11) or chronic home oxygen
· Serum Cr >1.2 AND ≥50% increase from baseline (lowest value during hospitalization)
AND no end-stage renal dysfunction (N18.6) or stage V chronic kidney disease prior to admission.
· Platelet count <100 cells/μL AND > 50% decline in platelets from baseline (highest value during hospitalization)
· Total bilirubin ≥ 2.0 mg/dL AND doubling of total bilirubin from baseline (lowest value
during hospitalization)
· Lactate > 2.0 mmol/L
· Treatment with intravenous vasopressor (Angiotensin II, Dopamine, Epinephrine,
Norepinephrine, Phenylephrine, or Vasopressin) outside of operating room.
· Clinical documentation of altered mental status on presentation
INCLUDE: Confusion, lethargy, reports that the patient is acting out of usual character,
worsening deviation from baseline mental status, somnolence, comatose state,
encephalopathy, unresponsiveness. 
Exclusion criteria
· Pregnant patient
· Patient aged <18 years
· Patient transferred from another hospital (ED to ED Transfer is eligible)
· Major surgery within 2 calendar days of admission
· Patient received IV or IM antibiotics in the 24 hours prior to hospital encounter start
· Comfort measure only / hospice within 3 hours of presentation
· Patient left against medical advice (AMA) or refused medical care 
· Length of hospitalization >120 days
· Hospitalization is within 90 days of a prior hospitalization by the same patient that is already abstracted into the HMS-Sepsis registry
· Primary discharge diagnosis is COVID, but there is no positive testing for COVID
· Patients with principal diagnosis of pneumonia, influenza, or COVID who are on chronic supplemental oxygen prior to admission
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	Element
	Eligibility
	Passing

	Initial lactate resulted within 3 hours
	All cases
	Initial lactate resulted within 3 hours of hospital arrival.

	Repeat lactate resulted within 4 hours of first lactate (if elevated)
	All cases with an elevated lactate (>2mmol/L) resulted during the first 3 hours
	Second lactate resulted within 4 hours of first lactate result.

	Blood culture within 3 hours of arrival (non-viral sepsis only)
	All cases with a primary discharge diagnosis (ICD-10 code) of sepsis, pneumonia, or respiratory failure
	Blood culture collected within 3 hours of arrival to hospital

	Blood culture collected before antibiotic administration
	All cases within an antibiotic delivered within 2 calendar days of arrival
	Blood culture collected prior to first antibiotic administration

	Antibiotic delivered within target timeframe for non-viral sepsis
	All cases with a primary ICD-10 Code of pneumonia, sepsis, or respiratory failure. Hypotension defined as SBP < 90 mm Hg or initiation of IV vasopressors or MAP < 65 mm Hg within two hours of arrival. Patients with positive COVID-19 testing, positive influenza A/B testing, or who do not display signs of sepsis (defined as <2 SIRS criteria, lactate <2.0, and WBC 4-12) are excluded.
	An antibiotic delivered within five hours of hospital arrival for non-hypotensive patient. 

Antibiotic delivered within three hours of hospital arrival for hypotensive patients.

	≥30 ml/kg IV fluid within six hours
	All cases meeting both criteria: 
(1) fluid is indicated (elevated lactate (≥4 mmol/L), SBP<90, or MAP<65, or initiation of IV vasopressors within 3 hours of presentation. 
(2) No contraindications to fluid (No ESRD, no left ventricular ejection fraction <40%, no severe or critical aortic stenosis)
	≥30 ml/kg fluid delivered within six hours calculated using actual body weight capped at a BMI of 30.

	Receipt of vasopressors for persistent hypotension
	All cases meeting both criteria:
(1) MAP<65 OR SBP<90 OR IV vasopressors initiated within two hours of hospital arrival.
(2) SBP<90 OR IV vasopressors initiated during hours 3 to 6 of hospital arrival
	Receipt of IV vasopressors within 6 hours of hospital arrival. 

	Overall compliance
	Eligible for at least one sepsis bundle element.
	Passing all bundle elements for which the hospitalization is eligible.
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	N of hospitals
	Core Elements Score, median (IQR)
	P for difference

	Hospital size1, N (%)
	
	
	

	<250 beds
	28
	20.5 (16, 23.5)
	0.649

	250-499 beds
	29
	19 (15, 22)
	

	500 or more beds
	10
	22.5 (18, 24)
	

	Urbanicity using RUCC,2 N (%)
	
	
	

	1-3 (Metro)
	55
	21 (15, 23)
	0.626

	4-9 (Non-metro)
	12
	19.5 (16, 26)
	

	Teaching Status3
	
	
	

	Teaching hospital, N (%)
	49
	20 (16, 24)
	0.581

	Non-Teaching hospital, N (%)
	18
	21 (14, 22)
	

	Profit status
	
	
	

	Not for profit
	61
	21 (16, 24)
	0.005

	For profit
	6
	14.5 (9, 18)
	

	System status
	
	
	

	Part of a hospital system
	62
	21 (16, 24)
	0.994

	Stand-alone hospital
	5
	21 (16, 22)
	

	Legend:
1  Hospital bed size was determined using the 2024 Michigan Certificate of Need Annual Survey, Basic Total Licensed Beds Utilization Statistics. Retrieved 3/13/2024 from https://www.michigan.gov/mdhhs/-/media/Project/Websites/mdhhs/Doing-Business-with-MDHHS/Health-Care-Providers/Certificate-of-Need/CON-Eval/Bed-Inventory/2024/March-2024/HOSPBEDINV-for-March-1-2024.pdf?rev=5e6aef9e7a6b4430a603a4f77409c631&hash=DD927472D0783AE4C3B9C56966A98860
2  Urbanicity was determined using 2023 Rural Urban Continuum Codes (RUCC) retrieved 3/11/2024 from  https://www.ers.usda.gov/data-products/rural-urban-continuum-codes.aspx
3 Hospital teaching status were determined based on American Hospital Association definitions. Data were obtained from AMA’s Data Hub, retrieved 4/28/2021 from https://guide.prod.iam.aha.org/guide/searchResults






	[bookmark: _Toc209642827]eTable 3: Characteristics of hospitals by quintile of Core Elements Score 

	
	
Overall

	Core Elements Score
	 
p-value

	
	
	Lowest Quintile
	Middle 3 Quintiles
	Top Quintile
	

	Core Elements Score, range
	7 - 28
	7 - 14
	15 - 24
	25 - 28
	<.0001

	Hospital size1, N (%)
	
	
	
	
	

	<250 beds
	28 (41.8)
	6 (50.0)
	16 (37.2)
	6 (50.0)
	0.8615

	250-499 beds
	29 (43.3)
	5 (41.7)
	20 (46.5)
	4 (33.3)
	

	500 or more beds
	10 (14.9)
	1 (8.3)
	7 (16.3)
	2 (16.7)
	

	Urbanicity using RUCC,2 N (%)
	
	
	
	
	

	1-3 (Metro)
	55 (82.1)
	10 (83.3)
	38 (88.4)
	7 (58.3)
	0.0517

	4-9 (Non-metro)
	12 (17.9)
	2 (16.7)
	5 (11.6)
	5 (41.7)
	

	Teaching Status3
	
	
	
	
	

	Teaching hospital, N (%)
	49 (73.1)
	7 (58.3)
	34 (79.1)
	8 (66.7)
	0.3443

	Non-Teaching hospital, N (%)
	18 (26.9)
	5 (41.7)
	9 (20.9)
	4 (33.3)
	

	Profit status
	
	
	
	
	

	Not for profit
	61 (91.0)
	9 (75.0)
	40 (93.0)
	12 (100.0)
	0.1308

	For profit
	6 (9.0)
	3 (25.0)
	3 (7.0)
	0 (0.0)
	

	System status
	
	
	
	
	

	Part of a hospital system
	62 (92.5)
	11 (91.7)
	40 (93)
	11 (91.7)
	0.9797

	Stand-alone hospital
	5 (7.5)
	1 (8.3)
	3 (7)
	1 (8.3)
	

	Legend:
1  Hospital bed size was determined using the 2024 Michigan Certificate of Need Annual Survey, Basic Total Licensed Beds Utilization Statistics. Retrieved 3/13/2024 from https://www.michigan.gov/mdhhs/-/media/Project/Websites/mdhhs/Doing-Business-with-MDHHS/Health-Care-Providers/Certificate-of-Need/CON-Eval/Bed-Inventory/2024/March-2024/HOSPBEDINV-for-March-1-2024.pdf?rev=5e6aef9e7a6b4430a603a4f77409c631&hash=DD927472D0783AE4C3B9C56966A98860
2  Urbanicity was determined using 2023 Rural Urban Continuum Codes (RUCC) retrieved 3/11/2024 from  https://www.ers.usda.gov/data-products/rural-urban-continuum-codes.aspx
3 Hospital teaching status were determined based on American Hospital Association definitions. Data were obtained from AMA’s Data Hub, retrieved 4/28/2021 from https://guide.prod.iam.aha.org/guide/searchResults
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	Age, years, median (IQR)
	71 (61-80)

	Male sex, N (%)
	17830 (49.8%)

	BMI, kg/m2, median (IQR)
	27.8 (23.1-33.6)

	Hospitalized in prior 90d, N (%)
	11442 (32.0%)

	Admitted from SNF, SAR, or LTAC, N (%)
	4955 (13.8%)

	Chronic health conditions, N (%)
	

	   Baseline cognitive impairment
	6914 (19.3%)

	   Baseline functional impairment
	13866 (38.8%)

	   Cerebrovascular disease
	5846 (16.3%)

	   Chronic pulmonary disease
	2755 (7.7%)

	   Dementia
	4831 (13.5%)

	   Diabetes
	14026 (39.2%)

	   Leukemia or lymphoma
	1153 (3.2%)

	   Moderate or severe kidney disease
	12012 (33.6%)

	   Solid malignancy, no metastasis
	5475 (15.3%)

	   Metastatic solid tumor
	2521 (7.0%)

	   Moderate or severe liver disease
	1036 (2.9%)

	Admission physiologic features, med (IQR)
	

	   Maximum creatinine, mg/dL
	1.20 (0.90-1.87)

	   Maximum lactate, mmol/L
	2.10 (1.10-3.10)

	   Acutely altered mental status, N (%)
	15642 (43.7%)

	   Minimum PaO2 to FiO2 ratio, mm Hg, med (IQR)
	309.5 (203.1-476.2)

	   Positive COVID-19, N (%)
	3247 (9.1%)

	   Vasopressors within 6 hours, N (%)
	3978 (11.1%)

	   Mechanical ventilation within 6 hours, N (%)
	2342 (6.5%)

	Site of infection, N (%)
	

	   Bacteremia
	28 (0.1%)

	   Cardiac
	209 (0.6%)

	   Central nervous system
	227 (0.6%)

	   Gastrointestinal
	2500 (7.0%)

	   Genitourinary
	7052 (19.7%)

	   Respiratory
	17609 (49.2%)

	   Skin and soft tissue 
	3195 (8.9%)

	   No specified infection
	4957 (13.9%)

	Outcomes 
	

	   Length of hospitalization in days, med (IQR)
	6.0 (3.0-9.0)

	   In-hospital mortality, N (%)
	4209 (11.8%)

	   Hospice discharge, N (%)
	2656 (8.4%)

	   In-hospital mortality OR hospice discharge, N (%)
	6923 (19.4%)

	   30-day mortality, N (%)
	6968 (19.5%)
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