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Supplemental Methods
Data source and study design
We conducted a retrospective cross-sectional study using the 2017–2021 National Inpatient Sample (NIS), a nationally representative 20% stratified sample of U.S. community-hospital discharges. All analyses incorporated NIS survey weights, hospital strata, and cluster design variables to generate national estimates. The main manuscript prespecified additional exact-count, phenotype interaction, sensitivity, and combination analyses, which are detailed below. 

Study cohort and heart failure phenotype
The analytic cohort included adult hospitalizations (age ≥18 years) with a strict principal diagnosis of acute decompensated heart failure (ADHF) defined by ICD-10-CM codes I50.21, I50.23, I50.31, I50.33, I50.41, I50.43, I50.811, and I50.813. Heart failure phenotype was assigned from the principal I50 subcode as HFrEF (I50.2x or I50.4x), HFpEF (I50.3x), or other/unspecified HF. 

Administrative definitions of organ failure and advanced support
Administrative-code algorithms were applied across all diagnosis fields (I10_DX1–I10_DX40) and all procedure fields (I10_PR1–I10_PR25). Organ-failure categories were defined as follows:
· Renal failure: any diagnosis of acute kidney failure (N17.*), or receipt of acute renal replacement therapy (5A1D70Z, 5A1D80Z, 5A1D90Z) 
· Respiratory failure: any diagnosis of acute respiratory failure or acute-on-chronic respiratory failure (J96.0x, J96.2x), acute respiratory distress syndrome (J80), or receipt of invasive mechanical ventilation (5A1935Z, 5A1945Z, 5A1955Z) 
· Hepatic failure: acute/subacute hepatic failure (K72.0x) 
· Neurologic failure: encephalopathy (G93.4x) 
· Coagulopathic failure: disseminated intravascular coagulation (D65) 
· Shock-related failure: shock (R57.* or R65.21) 
Overall organ-failure burden was summarized both as an exact count of failing organ systems and as a categorical burden variable grouped as 0, 1, or ≥2 failing organs. A capped exact-count variable was additionally created as 0, 1, 2, 3, or 4+ failing organs for dose-response modeling.








Outcomes and modeling
The primary outcome was in-hospital mortality. Secondary outcomes included length of stay, hospital cost, and non-home discharge. Non-home discharge was defined as DISPUNIFORM 2, 5, or 6, with routine home discharge (DISPUNIFORM 1) as the reference category. Cost analyses were limited to admissions with nonmissing cost estimates. Survey-weighted logistic regression was used for mortality and non-home discharge. Prespecified extension analyses included phenotype interaction testing, exclusion of shock admissions, exclusion of admissions requiring invasive mechanical ventilation or acute renal replacement therapy, and characterization of common multi-organ combinations. The primary covariate set was identical to the main manuscript: HF phenotype, age, sex, race, primary payer, Elixhauser comorbidity burden, APR-DRG severity subclass, hospital teaching/location status, hospital bed size, hospital region, and calendar year.

Supplemental Table S1. Adjusted odds of in-hospital mortality by exact organ-failure count in strict acute decompensated heart failure
	Variable
	Adjusted OR (95% CI)

	1 organ vs 0
	1.71 (1.49-1.97)

	2 organs vs 0
	3.74 (3.20-4.38)

	3 organs vs 0
	10.84 (9.05-12.99)

	4+ organs vs 0
	29.26 (23.65-36.20)


Adjusted for HF phenotype, age, sex, race, primary payer, Elixhauser comorbidity burden, APR-DRG severity subclass, hospital teaching/location status, hospital bed size, hospital region, and calendar year. Models were based on complete-case analysis for admissions with nonmissing covariates.

Supplemental Table S2. Administrative-code definitions used for cohort construction and variable derivation
	Variable
	Definition used in analysis

	Strict ADHF cohort
	Principal diagnosis of acute or acute-on-chronic HF: I50.21, I50.23, I50.31, I50.33, I50.41, I50.43, I50.811, I50.813

	HFrEF phenotype
	Principal I50 subcode I50.2x or I50.4x

	HFpEF phenotype
	Principal I50 subcode I50.3x

	Other/unspecified HF
	Remaining principal I50 subcodes not otherwise classified as HFrEF or HFpEF

	Renal failure
	N17.* in any diagnosis field or acute renal replacement therapy PCS codes 5A1D70Z, 5A1D80Z, 5A1D90Z

	Respiratory failure
	J96.0x, J96.2x, or J80 in any diagnosis field or invasive mechanical ventilation PCS codes 5A1935Z, 5A1945Z, 5A1955Z

	Hepatic failure
	K72.0x in any diagnosis field

	Neurologic failure
	G93.4x in any diagnosis field

	Coagulopathic failure
	D65 in any diagnosis field

	Shock-related failure
	R57.* or R65.21 in any diagnosis field

	Invasive mechanical ventilation
	5A1935Z, 5A1945Z, 5A1955Z in any procedure field

	Acute renal replacement therapy
	5A1D70Z, 5A1D80Z, 5A1D90Z in any procedure field

	Non-home discharge
	DISPUNIFORM 2, 5, or 6; routine home discharge defined as DISPUNIFORM 1












Supplemental Table S3. Additional prespecified analyses of organ-failure burden and in-hospital outcomes
	Analysis
	Comparison
	Result

	Phenotype-stratified adjusted mortality
	HFrEF, 1 vs 0 failing organs
	1.42 (1.20-1.67)

	
	HFpEF, 1 vs 0 failing organs
	1.86 (1.50-2.31)

	
	HFrEF, ≥2 vs 0 failing organs
	4.83 (4.09-5.71)

	
	HFpEF, ≥2 vs 0 failing organs
	4.34 (3.49-5.41)

	
	Categorical interaction P value
	P<.001

	
	Continuous interaction P value
	P=.8896

	Shock-excluded sensitivity analysis
	1 vs 0 failing organs
	1.63 (1.41-1.87)

	
	≥2 vs 0 failing organs
	3.39 (2.89-3.97)

	
	Per additional failing organ
	1.90 (1.77-2.03)

	MV/RRT-excluded sensitivity analysis
	1 vs 0 failing organs
	1.51 (1.31-1.75)

	
	≥2 vs 0 failing organs
	3.60 (3.07-4.22)

	
	Per additional failing organ
	2.06 (1.94-2.18)

	Adjusted non-home discharge model
	1 vs 0 failing organs
	1.10 (1.06-1.14)

	
	≥2 vs 0 failing organs
	1.62 (1.53-1.72)


Phenotype-stratified analyses were limited to admissions classifiable as HFrEF or HFpEF. Sensitivity analyses were prespecified extensions of the main adjusted burden model. Non-home discharge was defined as discharge to short-term hospital, skilled nursing or intermediate care facility, or home health care.



Supplemental Table S4. Most common exact multi-organ failure combinations among admissions with ≥2 failing organs
	Exact combination
	Percentage among admissions with ≥2 failing organs

	Renal + respiratory failure
	49.5

	Renal + shock
	9.65

	Respiratory + neurologic failure
	8.38

	Renal + respiratory + shock
	8.00

	Renal + respiratory + neurologic failure
	5.59


Percentages are proportions within the subgroup of admissions with ≥2 failing organs.

