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Background: Expert opinion and professional society statements have called for
multi-tier care systems for the management of cardiogenic shock (CS). However,
little is known about how to pragmatically define centers with different levels of
care (LOC) for CS.
Methods: Eleven of 23 hospitals within our healthcare system sharing a common
electronic health record were classified as different LOC according to their highest
mechanical circulatory support (MCS) capabilities: Level 1 (L-1)—durable left
ventricular assist device, Level 1A (L-1A)—extracorporeal membrane oxygenation,
Level 2 (L-2)—intra-aortic balloon pump and percutaneous ventricular assist
device; and Level 3 (L-3)—no MCS. All adult patients treated for CS (International
Classification of Diseases, ICD-10 code R57.0) between 2016 and 2022 were
included. Etiologies of CS were identified using associated diagnostic codes.
Management strategies and outcomes across LOC were compared.
Results: Higher LOC centers had higher volumes: L-1 (n= 1): 2,831 patients, L-1A
(n=4): 3,452, L-2 (n= 1): 340, and L-3 (n=5): 780. Emergency room admissions
were more common in lower LOC (96% at L-3 vs. 46% L-1; p < 0.001), while
hospital transfers were predominant at higher LOC (40% at L-1 vs. 2.7% at L-3;
p < 0.001). Men comprised 61% of the cohort. Patients were younger in the higher
LOC [69 (60–78) years at L-1 vs. 77 (67–85) years at L-3; p < 0.001]. Patients with
acute myocardial infarction (AMI)-CS and acute heart failure (AHF)-CS were
concentrated in higher LOC centers while other etiologies of CS were more
common in L-2 and L-3 (p < 0.001). Cardiac arrest on admission was more
prevalent in lower LOC centers (L-1: 2.8% vs. L-3: 12.1%; p < 0.001). Patients with
AMI-CS received more percutaneous coronary intervention in lower LOC (51% L-2
vs. 29% L-1; p < 0.01) but more coronary arterial bypass graft surgery at higher LOC
(L-1: 42% vs. L-1A: 23%; p < 0.001). MCS use was consistent across levels for
AMI-CS but was more frequent in higher LOC for AHF-CS patients (L-1: 28% vs.
L-2: 10%; p < 0.001). Despite increasing in-hospital mortality with decreasing LOC,
no significant difference was seen after multivariable adjustment.
Abbreviations

ACS, acute coronary syndrome; AHF, acute heart failure; AMI, acute myocardial infarction; CABG, coronary
arterial bypass graft; CAD, coronary artery disease; CCL, cardiac catheterization laboratory; CKD, chronic
kidney disease; CS, cardiogenic shock; DM2, diabetes mellitus type 2; ER, emergency room; HF, heart
failure; HLD, hyperlipidemia; HTN, hypertension; IABP, intra-aortic balloon pump; ICD, International
Classification of Diseases; LHC, left heart catheterization; LOC, levels of care; LOS, length of stay; LVAD,
left ventricular assist device; MCS, mechanical circulatory support; NSTEMI, non-ST-elevation myocardial
infarction; OHT, orthotropic heart transplant; PAC, pulmonary artery catheter; PCI, percutaneous coronary
intervention; pVAD, percutaneous ventricular assist device; SCAI, Society of Cardiovascular Angiography &
Interventions; SNF, short-term nursing facility; STEMI, ST-elevation myocardial infarction; VA-ECMO,
venoarterial extracorporeal membrane oxygenation; VTE, venous thromboembolism.
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Conclusion: This is the first report describing a pragmatic classification of LOC for CS
which, based on MCS capabilities, can discriminate between centers with distinct
demographics, practice patterns, and outcomes. This classification may serve as
the basis for future research and the creation of CS systems of care.

KEYWORDS

cardiogenic shock, acute myocardial infarction, acute heart failure, mechanical circulatory

support, levels of care, cardiogenic shock centers
1. Introduction

Cardiogenic shock (CS) is caused by severe impairment in

myocardial performance that leads to diminished cardiac output,

end-organ hypoperfusion, multi-organ failure, and death. Acute

coronary syndrome (ACS) is the most well recognized etiology of

CS, but decompensated heart failure (HF) and other non-ischemic

etiologies are being increasingly recognized as common,

comprising up to 30%–50% of cases in certain hospital settings in

North America (1). Despite advancements in treatment including

growing access to primary percutaneous coronary interventions

(PCI) and mechanical circulatory support (MCS) devices, 30-day

mortality remains high (2). However, outcomes vary across

different hospital settings in the United States, with lower

mortality reported in larger urban and left ventricular assist device

(LVAD)–capable centers compared with smaller, rural hospitals (3).

This difference in outcomes could be related to variations in

management patterns across different types of centers (4). For

instance, the use of MCS seems to be higher among patients

treated in larger hospitals compared to those admitted to smaller

ones (5). Accordingly, over 80% of venoarterial extracorporeal

membrane oxygenation (VA-ECMO) cases are performed in

large, urban, teaching hospitals (6).

In order to standardize care for CS patients and improve

outcomes, there have been multiple calls from professional

societies and expert opinion papers for the creation of multi-level

systems of care that allow for the rapid triage and transfer of

complex CS patients toward centers with higher volume, greater

familiarity with advanced MCS, and built-in multidisciplinary

teams (4, 7, 8).

However, there is no standardized classification system for

hospital tiers in the management of CS and a pragmatic

definition of levels of care (LOC) is yet to be established (8).

One important barrier to creating this definition is the lack of

systematic accounts of CS epidemiology and management within

existing integrated multi-level healthcare systems, which could

serve as the basis for a new model. Most of the current CS

registries are comprised almost exclusively of patients treated

primarily at high-tier centers and patients who were transferred

to these centers from local spoke hospitals for definitive

treatment (9, 10).

Northwell Health is a multi-tier hospital system in the greater

New York metropolitan area. Although care is integrated within

the system and transfers toward higher tier centers are common,

a cardiogenic shock team to formally triage these patients was

not established at our quaternary, durable LVAD and orthotropic
02
heart transplant (OHT) center, until 2020. Shock teams were

otherwise not available at any other centers until late 2022.

Herein we present the epidemiology, management, and outcomes

of patients with CS treated across all tiers within our system in the last

6 years and propose a pragmatic definition of CS LOC.
2. Methods

This is a multi-center retrospective observational study

approved by Northwell Health Institutional Review Board with

ID number 22-0834. There was no greater than minimal risk to

the study subjects and waiver of informed consent was obtained.

Patients were de-identified and data were stored in a secure

password protected database.
2.1. Study centers and level of care definitions

Our cohort comprised 11 hospitals sharing a common

electronic health record (Sunrise Clinical Manager) including all

cardiac surgery centers within our 23-hospital consortium in the

New York metropolitan area. Each level is organized by virtue of

the highest MCS capability available.

Level 1 (L-1) is the durable LVAD and heart transplant capable

center. Level 1A (L-1A) hospitals have the capability to offer all

temporary MCS, including venoarterial ECMO. Level 2 (L-2)

hospitals can offer intra-aortic balloon pump (IABP) and

percutaneous ventricular assist device (pVAD) but not ECMO

and Level 3 (L-3) hospitals do not have an onsite cardiac

catheterization laboratory (CCL) and do not offer temporary

MCS or PCI. Both, L-1 and L-1A had onsite cardiac surgery for

the duration of the study. A Level 2 center had primary PCI

capabilities but no onsite cardiac surgery. Bed capacity at L-1

was 756, among L-1A centers ranged from 313 to 807, at L-2

was 348, and L-3 ranged from 103 to 312. A full center

capability description is outlined in Supplementary Table S3.

All hospitals were located within the greater New York

Metropolitan area. The longest linear distance in our cohort

between an L-1A center and an L-1 center was 24 miles, between

an L-2 and an L-1 center was 20.2 miles, and between an L-3 and

an L-1 center was 15.7 miles. In our healthcare system, inclusive

of hospitals not included in this data cohort, the longest linear

distance between any hospital and an L-1 center was 56 miles.

We describe the epidemiology, practice patterns, and in-

hospital outcomes for each of these levels.
frontiersin.org

https://doi.org/10.3389/fcvm.2023.1206570
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


Alvarez Villela et al. 10.3389/fcvm.2023.1206570
2.2. Patient population and data collection

We included patients over the age of 18 who were

discharged with dead or alive status from all sites in the

Northwell Health System using Sunrise Clinical Manager

electronic health record between January 2016 and August

2022. CS was identified using the International Classification

of Diseases (ICD)-10 code R57.0 as a principal or secondary

diagnosis on discharge.

Data including admission type, transfer among hospitals,

demographics, major comorbidities, primary insurance carrier,

length of stay (LOS), admission diagnosis, principal diagnosis,

secondary diagnosis, comorbidities, and all procedures of

interest performed during the hospital stay were collected.

Comorbidities were summarized using the ICD-10 version of

the Charlson Comorbidity Index (CCI) (11). Patients who were

transferred into each hospital level were included, independent

of whether they came from hospitals within our cohort or

outside of it. Each admission to each hospital was considered

independently if the transfer happened within our hospital

cohort. Data on procedures performed for patients transferred

from one center to another were counted as part of the

procedural volume for the center where they were performed.

For example, in the case of a patient with AMI-CS who

underwent diagnostic left heart catheterization (LHC) and IABP

placement at an L-2 center and was transferred to the L-1

center for coronary arterial bypass graft (CABG) surgery, the

LHC and IABP will be counted as part of the L-2 volume and

the CABG as part of the L-1 center volume. Data on

procedures performed at transferring centers outside the cohort

were not available, and in this case, only procedures performed

at the receiving center were included. Patients who were

readmitted were analyzed as individual patients for each

admission. A transfer map was created to represent the patterns

of flow for CS patients within our system.

The complete list of procedure codes considered can also be

found in the Supplementary Material (Supplementary Table S2).
2.3. Shock etiologies

The etiology of CS was classified into three major categories

based on associated principal or secondary discharge diagnosis:

(1) acute myocardial infarction (AMI) including ST-elevation

myocardial infarction (STEMI) and non-ST-elevation myocardial

infarction (NSTEMI); (2) acute heart failure (AHF) including

decompensated heart failure, arrhythmia, and valvular disease;

(3) Other including, for example, sepsis and pulmonary

embolism (Supplementary Figure 1).

A complete list of ICD-10 codes included in each etiologic

category is available in the Supplementary Material.

Discharge status was used to identify in-hospital outcomes and

was divided into four major categories: (1) death; (2) transfer to

another hospital; (3) discharge home or to a skilled nursing

facility, inpatient rehabilitation facility, or requiring home care;

(4) transferred to hospice facility.
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2.4. Statistical analysis

Data analysis was done using the GraphPad PRISM software.

Continuous variables were reported as mean and standard

deviation or median and interquartile range, and categorical

variables were reported as number (percentage). Comparisons of

quantitative variables (age and LOS) were analyzed using the

non-parametric Kruskal–Wallis tests and post-hoc Dunn tests.

Categorical variables were assessed with chi-squared

analysis or Fisher’s exact tests depending on parametric

distribution. p-values <0.05 were considered statistically

significant. (p-values are for trends across levels of care unless

otherwise indicated.)

Multivariate linear and logistic regression was used to compare

survival to hospital discharge between levels of care, adjusting for

potential confounders, which included age, sex, Charlson

Comorbidity Index, insurance type, and etiology of CS.
3. Results

3.1. General data trends

Our cohort comprised one L-1 center, four L-1A centers, one L-

2 center, and five L-3 centers. During the study period, a total of

7,402 patients were treated within our hospital cohort: The higher

LOC contributed the largest number of patients: L-1 treated 2,830,

L-1A 3,452 patients, L-2 340 patients, and L-3 780 patients.

Men were a majority (61%) overall but were less prevalent in the

lower LOC (only 53% at L-3; p < 0.001) (Table 1 and Figure 1).

Patients were older in the lower LOC centers while women were

older than men across all LOC (p < 0.001) (Supplementary Figure 2).

The average number of CS cases increased over the study

period for L-1 and L-1A but remained mostly unchanged at L-2

and L-3 hospitals (Figure 2). The overall prevalence of each CS

etiology was AMI 27%, AHF 30%, and “other” 42.2%. In the

“other” category, the most common principal diagnosis was

sepsis (49%). The relative prevalence of each CS etiology varied

significantly across hospital levels as shown in Figure 3. The

prevalence of AMI-CS was similar across centers with cardiac

catheterization laboratories and much lower at L-3 while AHF-

CS patients were concentrated in the durable LVAD- and

ECMO-capable centers (L-1 and L-1A).

Notably, the prevalence of the “other” etiologic category

increased substantially in the lower levels of care. Admission

types varied across LOC. Patients in L-1 and L-1A were more

frequently transferred from other centers, while patients in L-2

and L-3 were more commonly admitted through the emergency

room (ER) (Table 1). L-1 was the highest receiver of transfers

followed by L-1A. Patients arriving as inter-hospital transfers to

these LOC most often came from hospitals outside of our cohort.

In L-1, most transfers from within our hospital cohort came

from L-1A centers (68%), while 10% came from L-2 and 21%

came from L-3. Most patients received as transfers had a

diagnosis of AHF-CS (45%), while AMI-CS (28%) and other CS

etiologies (14%) were less common.
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TABLE 1 Baseline characteristics across LOC.

Level 1 (n = 2,830) Level 1A (n = 3,452) Level 2 (n = 340) Level 3 (n = 780) p-value
Age (median, IQR) 69 (60–78) 71 (61–80) 77 (67–85) 77 (67–85) <0.0001

Length of stay, days (median, IQR) 13 (7–24) 9 (4–16) 4 (1–10) 6 (2–13.7) <0.0001

Sex, male, n (%) 1,796 (63.4%) 2,149 (62.3%) 209 (61.5%) 416 (53.3%) <0.0001

Insurance <0.0001

Medicare/Medicaid (%) 86.4% 89.1% 92.1% 92.6%

Private (%) 11.8% 9.8% 6.2% 6.2%

Other (%) 1.8% 1.2% 1.5% 1.3%

HTN, n (%) 1,967 (69.5%) 2,143 (62.1%) 175 (51.5%) 578 (74.1%) <0.0001

CKD, n (%) 938 (33.1%) 959 (27.8%) 87 (25.6%) 237 (30.4%) <0.0001

HF, n (%) 1,623 (57.3%) 1,801 (52.2%) 134 (39.4%) 438 (56.2%) <0.0001

CAD, n (%) 1,339 (47.3%) 1,254 (36.3%) 115 (33.8%) 220 (28.2%) <0.0001

DM2, n (%) 1,218 (43.0%) 1,305 (37.8%) 85 (25.0%) 323 (41.4%) <0.0001

Atrial fibrillation, n (%) 1,177 (41.6%) 1,189 (34.4%) 106 (31.2%) 310 (39.7%) <0.0001

VTE, n (%) 64 (2.3%) 39 (1.1%) 2 (0.6%) 6 (0.8%) 0.0003

Anemia, n (%) 1,018 (36.0%) 1,089 (31.5%) 76 (22.4%) 295 (37.8%) <0.0001

Cardiac arrest at admission, n (%) 78 (2.8%) 165 (4.8%) 45 (13.2%) 94 (12.1%) <0.0001

Admission type
Emergency room, n (%) 1,304 (46.1%) 2,547 (73.8%) 331 (97.4%) 748 (95.9%) <.0.0001

Transfer in 1,129 (40%) 583 (17%) 3 (0.9%) 21 (2.7%) <.0.0001

Other 396 (14.0%) 322 (9.3%) 6 (1.7%) 11 (1.4%) <0.0001

Shock etiologies
AMI 887 (31.3%) 961 (27.8%) 108 (31.8%) 66 (8.5%) <0.0001

AHF 971 (34.3%) 1,089 (31.5%) 59 (17.4%) 137 (17.6%) <0.0001

Other (%) 972 (34.3%) 1,402 (40.6%) 173 (50.9%) 577 (74.0%) <0.0001

Sepsis (% of “other”) 417 (42.9%) 628 (44.8%) 81 (46.8%) 320 (55.5%) <0.0001

Pulmonary embolism (% of “other”) 45 (4.6%) 37 (2.6%) 4 (2.3%) 14 (2.4%) 0.0245

Other non-cardiac (% of “other”) 300 (30.9%) 367 (26.2%) 55 (31.8%) 128 (22.2%) <0.0009

CAD, coronary artery disease; CKD, chronic kidney disease; DM2, diabetes mellitus type 2; HTN, hypertension; VTE, venous thromboembolism.

FIGURE 1

Median age and length of stay for cardiogenic shock patients across levels of care. (A) Median age was higher in lower LOC. (B) Median length of stay was
longer in higher LOC. The p-values shown represent trends across LOC.
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FIGURE 2

Prevalence of cardiogenic shock by levels of care over time. Average number of patients with either a principal or secondary diagnosis of cardiogenic
shock (ICD-10 code R57.0) in each year from 2016 up until August 2022.

FIGURE 3

Relative prevalence of each cardiogenic shock etiology across levels of care. AMI-CS and AHF-CS were more prevalent in the higher LOC while “other”
etiologies of CS were more prevalent in the lower LOC. The p-value shown is for trend across LOC.

Alvarez Villela et al. 10.3389/fcvm.2023.1206570
In L-2, 17% of patients were transferred out to other hospitals:

24% of AMI-CS patients, 32% of AHF-CS patients, and 6.4% for

those with other etiologies of CS. In L-3, patients were also

transferred out 17% of the time: AMI-CS patients 29%, AHF-CS

26%, and patients with other etiologies 13%. Figure 4 depicts the

flow of transfers across LOC.
Frontiers in Cardiovascular Medicine 05
Patients transferred to the higher LOC were significantly

younger than the average patients at those centers: Level 1,

66 years (57–75) vs. 69 years (60–78) (p < 0.0001) and Level 1A,

69 years (58–78) vs. 71 years (61–80) (p = 0.0007).

The median LOS was shorter in the lower LOC, possibly

reflecting an effect of inter-hospital transfers with patients with
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https://doi.org/10.3389/fcvm.2023.1206570
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


FIGURE 4

Inter-hospital transfer map. Sankey diagram displaying the transfer of CS patients from their original level of care to their destination level.
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the higher complexity moving toward the durable LVAD- and

ECMO-capable centers (p < 0.001) (Figure 1B).

Cardiac arrest on admission to initial hospital, an important

risk modifier in CS, was significantly more common among

patients admitted to lower LOC: 12% in L-3 and 13% in L-2 vs.

2.8% at L-1 (Table 1).

The prevalence of relevant comorbidities and the Charlson

Comorbidity Index are listed in Table 1. Non-cardiac conditions

such as chronic kidney disease (CKD), diabetes mellitus, and

anemia were highly prevalent in all LOC.

The overall use of MCS decreased with decreasing LOC

(Table 2, p < 0.001) and these trends remained stable over time

(Figure 5A), while the overall use of pulmonary artery catheter

(PAC) was high at L-1 and L-1A but much lower in L-2 and was

rare in L-3 (p < 0.001) (Figure 5B). The frequency of renal

replacement therapies and invasive and non-invasive ventilation

across LOC is detailed in Table 2.
Frontiers in Cardiovascular Medicine 06
3.2. Management strategies by etiology and
level of care

3.2.1. AMI-CS
The use of LHC and PCI were higher in L-1A (69% and 43%)

and L-2 (73% and 51%) than L-1 (57% and 29%) where CABG

(41.5%) and surgical and transcatheter valve procedures (14.3%)

were more frequent (Table 2 and Figure 6A).

MCS use in patients with AMI-CS was similar across capable

LOC (L-1 to L-2) (Table 2, p = 0.3). However, the use of PAC to

guide management was higher in L1 (39%) and L-1A (47%) than

in L2 (21%) (p < 0.001) (Table 2 and Figure 6).
3.2.2. AHF-CS
Across LOC, the treatment of AHF-CS was less uniform than for

AMI-CS patients. The largest difference was seen in the use of MCS.
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TABLE 2 Management procedures.

Level 1 (n = 2,830) Level 1A (n = 3,452) Level 2 (n = 340) Level 3 (n = 780) p-value
Overall MCS use 29.5% 22.9% 18.4% NA <0.0001

Overall PAC use 32.9% 34.0% 19.1% 5.1% <0.0001

Renal replacement therapy 18.8% 17.1% 8.8% 11.7% <0.0001

Mechanical ventilation 45.4% 52.8% 55.6% 57.2% <0.0001

Non-invasive mechanical ventilation 20.4% 22.8% 9.4% 23.2% <0.0001

AMI n = 887 (31%) n = 961 (28%) n = 108 n = 66

LHC n (%) 501 (56.5%) 659 (68.6%) 79 (73.1%) NA <0.0001

PCI 256 (28.9%) 418 (43.5%) 55 (50.9%) NA <0.0001

CABG 368 (41.5%) 223 (23.2%) NA NA <0.0001

Valvular procedures 127 (14.3%) 56 (5.8%) NA NA <0.0001

Total MCS 474 (53.4%) 546 (56.8%) 62 (57.4%) NA 0.3118 (NS)

PAC 344 (39.2%) 450 (46.8%) 23 (21.3%) 1 (1.5%) <0.0001

AHF n = 971 (34%) n = 1,089 (32%) n = 59 n = 137

LHC 273 (28.1%) 292 (26.8%) 11 (18.6%) NA 0.2625 (NS)

PCI 23 (2.4%) 48 (4.4%) 1 (1.7%) NA 0.0296

CABG 73 (7.5%) 49 (4.5%) NA NA 0.0049

Valvular procedures 282 (29.0%) 148 (13.6%) NA NA <0.0001

Total MCS 277 (28.5%) 156 (14.3%) 6 (10.2%) NA <0.0001

PAC 448 (46.1%) 433 (39.8%) 10 (16.9%) 7 (5.1%) <0.0001

Other etiologies n = 972 (34%) n = 1,402 (41%) n = 173 n = 577

LHC 90 (9.3%) 162 (11.6%) 18 (10.4%) NA 0.2019 (NS)

PCI 12 (1.2%) 49 (3.5%) 4 (2.3%) NA 0.0027

CABG 24 (2.5%) 31 (2.2%) NA NA 0.6798 (NS)

Valvular procedures 54 (5.6%) 76 (5.4%) NA NA 0.9270 (NS)

Total MCS 85 (8.7%) 88 (6.3%) 4 (2.3%) NA 0.0031

PAC 139 (14.3%) 290 (20.7%) 32 (18.5%) 32 (5.5%) <0.0001

FIGURE 5

Frequency of mechanical circulatory support and pulmonary artery catheter use over time across levels of care. (A) Trends in overall MCS use per LOC. (B)
Trends in pulmonary artery catheter use over time by LOC. The p-values shown represent overall difference in MCS or PAC usage across LOC.
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FIGURE 6

Management procedures by cardiogenic shock etiology in each level of care. (A) Level 1 LVAD-capable center. (B) Level 1A ECMO-capable centers. (C)
Level 2 pVAD-capable center. Level 3 not depicted since no interventional or surgical procedures are performed at this level.

Alvarez Villela et al. 10.3389/fcvm.2023.1206570
While it was used less frequently than in patients AMI-CS overall, its

use in L-1 (28%) was close to double what it was in L-1A (14%) and

close to three times as high as in L-2 (10%) (p < 0.001).

While LHC was performed at similar rates in L-1, L-1A, and

L-2, the use of PAC declined significantly in lower LOC with

almost half of the patients treated with it in L-1 (46%) but only

a fraction at L-2 (17%) and L-3 (5%).

Valvular procedures (29%vs. 14%) andCABG (7.5% vs. 4.5%)were

significantly more common in L-1 compared to L-1A (p < 0.05), both

levels with cardiac surgery capabilities (Table 2 and Figure 6).

3.2.3. Other etiologies of CS
This group comprised a variety of etiologies with the most

prevalent being sepsis, possibly indicating the presence of mixed

cardiogenic and septic shock; other etiologies are detailed in

Supplementary Figure 1.

Patients in this group underwent the lowest rates of cardiac

procedures across all LOC, including LHC, PCI, CABG, and
Frontiers in Cardiovascular Medicine 08
valvular procedures. PAC placement was the most frequently

performed procedure with higher use in higher LOC (p < 0.001).

Although rare, MCS use was also more frequent in the higher

LOC within this patient group (p < 0.001).
3.3. In-hospital outcomes

Overall survival to hospital discharge in this cohort was 61%.

Unadjusted mortality increased in a stepwise fashion from higher

to lower LOC and was higher among patients with CA on

admission across all levels (Figure 7). After adjustment for age,

sex, etiology of CS, Charlson Comorbidity Index, cardiac arrest

on admission, admission type, and insurance type, the odds for

in-hospital mortality across LOC, with Level 1 as referent, were

not significantly different; Level 1A: aOR: 1.06 (95% CI:

0.95–1.19; p = 0.3), Level 2: aOR: 1.10 (95% CI 0.86–1.42; p = 0.4),

and Level 3: aOR: 1.03 (95% CI:0.86–1.24; p = 0.7) (Figure 8).
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FIGURE 7

Observed mortality rate among cardiogenic shock patients with and without cardiac arrest on admission by level of care. Mortality increased in a stepwise
fashion with decreasing LOC and was higher among patients with cardiac arrest on admission in all LOC (all p < 0.001).

FIGURE 8

Forest plot of factors associated with hospital mortality for cardiogenic shock patients. After multivariable adjustment, level of care was not associated
with hospital mortality. Level 1 was used as reference for LOC, male as a reference for sex category, AMI-CS as reference for etiology, and Medicare/
Medicaid as reference for insurance category.
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The factors most strongly associated mortality were: cardiac

arrest on admission (aOR: 5.02, 95% CI: 3.9–6.46, p < 0.001),

having a non-AMI/non-AHF or “other” etiology of CS (aOR:

2.76; 95% CI: 2.20–3.14; p < 0.001) and having non-traditional
TABLE 3 Multivariable analysis of predictors of in-hospital mortality.

Adjusted
odds ratio

95% confidence
interval

p-value

Hospital level—1A 1.06 0.9499–1.1953 0.2784

Hospital level—2 1.106 0.8587–1.4239 0.4357

Hospital level—3 1.03 0.8619–1.2406 0.7188

Sex 1.17 1.0586–1.3030 0.0024*

AHF-CS 0.83 0.7174–0.9526 0.0085*

Other etiologies 2.76 2.4271–3.1433 <0.0001*

Age 1.02 1.0165–1.0250 <0.0001*

CCI 1.05 1.0367–1.0679 <0.0001*

Cardiac arrest on admission 5.03 3.9122–6.4641 <0.0001*

Transferred from another
hospital

0.95 0.8295–1.0794 0.4110

Private insurance 0.83 0.6879–0.9945 0.0436*

Self-pay/other insurance 1.60 0.9781–2.6098 0.0613

*Signals statistically significant p-values.

FIGURE 9

Hospital outcomes by cardiogenic shock etiology: (A) level 1 LVAD-capable cen
and (D) level 3 no MCS capability.
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insurance or being self-pay (aOR: 1.77; 95% CI: 1.07–2.77;

p = 0.03) (Table 3).

Unadjusted rates of outcomes at discharge in L-1 were 35%

death, 2% discharged to hospice. 3% received LVAD implantation,

and 1.9% received heart transplantation; 1.4% were transferred to

another hospital. Discharges to home health, skilled nursing, or

other rehabilitation facilities were 48%, while routine discharges to

home were only 13% (see Table 4 and Figure 9A).

In L-1A centers mortality was 39%, 3.1% discharged to hospice,

and 3% were referred to other hospitals. Discharges to home

health, skilled nursing, or other rehabilitation facilities were 38%,

while discharges to home were 16.8% (see Table 4 and Figure 9B).

In L-2 centers, in-hospital mortality was 47.4%, highest among

patients with CS etiologies not related to AHF or AMI. Another

4.7% went to hospice. Discharges to home health, skilled nursing,

or other rehabilitation facilities were 19%, while 11.5% were

discharged routinely to home. Overall, 16.5% were referred to

other hospitals (see Table 4 and Figure 9C).

In L-3 centers, in-hospital mortality was 53%, while 3.8% were

discharged to hospice. Transfers to other hospitals were 16.5% with

the highest rate of transfer among AMI-CS patients.
ter, (B) level 1A ECMO-capable centers, (C) level 2 pVAD-capable centers,
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TABLE 4 In-hospital outcomes.

Level 1 (n = 2,830) Level 1A (n = 3,452) Level 2 (n = 340) Level 3 (n = 780) p-value
Overall mortality 34.6% 38.7% 47.4% 53.2% <0.0001

AMI
Death, n (%) 241 (27.2%) 273 (28.4%) 31 (28.7%) 32 (48.5%) 0.0033

Discharge/SNF/Rehab 633 (71.4%) 603 (62.7%) 48 (44.4%) 12 (18.2%) <0.0001

Hospice 6 (0.7%) 21 (2.2%) 2 (1.9%) 3 (4.5%) 0.0135

Transfer out 7 (0.8%) 55 (5.7%) 26 (24.1%) 19 (28.8%) <0.0001

LVAD 13 (1.5%) NA NA NA

Transplant 10 (1.1%) NA NA NA

AHF
Death, n (%) 226 (23.3%) 299 (27.5%) 13 (22.0%) 44 (32.1%) 0.0442

Discharge/SNF/Rehab 692 (71.3%) 659 (60.5%) 21 (35.6%) 51 (37.2%) <0.0001

Hospice 32 (3.3%) 45 (4.1%) 6 (10.2%) 6 (4.4%) 0.0634 (NS)

Transfer 21 (2.2%) 74 (6.8%) 19 (32.2%) 35 (25.5%) <0.0001

LVAD 66 (6.8%) NA NA NA

Transplant 36 (3.7%) NA NA NA

Other etiologies
Death, n (%) 513 (52.8%) 761 (54.3%) 117 (67.6%) 339 (58.8%) 0.0009

Discharge/SNF/Rehab 429 (44.1%) 551 (39.3%) 35 (20.2%) 140 (24.3%) <0.0001

Hospice 18 (1.9%) 41 (2.9%) 8 (4.6%) 21 (3.7%) 0.0766 (NS)

Transfer 11 (1.1%) 42 (3.0%) 11 (6.4%) 75 (12.9%) <0.0001

LVAD 5 (0.5%) NA NA NA

Transplant 7 (0.7%) NA NA NA

SNF, short-term nursing facility.
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Discharges to home health, skilled nursing, or other

rehabilitation facilities were 21%, and routine discharges to home

were only 5% (see Table 4 and Figure 9D).
4. Discussion

To our knowledge, this is the first report to describe a

pragmatic definition of CS LOC and describe the epidemiology,

management, and outcomes for each different level. This

classification, based on highest MCS capabilities, effectively

discriminated among LOC with significant differences in patient

characteristics, management strategies, and in-hospital

outcomes (Figure 10). Importantly, our analysis was not

restricted by admission units and included patients treated

without and with all MCS devices. The observed prevalence of

different CS etiologies and the overall mortality is in line with

other contemporary registries (1).

Our observations suggest that surgical centers with ECMO

capability serve as natural hubs for CS receiving an important

proportion of patients as transfers from other hospitals. This

effect is most apparent in the L-1, LVAD- and OHT-capable

centers, where close to 40% of admissions came as transfers

from other hospitals and patients received the highest rates of

surgical and transcatheter valve procedures with lower rates of

PCI. These patients were likely transferred to this LOC to

receive more advanced procedures. Patients in this level had the

lowest nominal mortality rates across time. Although only a

small minority of them received LVAD or OHT, the beneficial

effect of an in-house advanced therapy program could play a
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vital role in improving outcomes (13). The absence of higher

survival after multivariable adjustment suggests that patient

selection, either through pre-hospital triage or hospital transfers,

plays an important role in improving survival at this LOC.

Although these trends were less marked for L-1A centers,

hospitals in this LOC also serve as important hubs within the

system despite a large range of bed capacities. They received 17%

of patients from other hospitals and performed high rates of

CABG and valvular procedures with comparable in-hospital

survival rates. This indicates this type of center can help offload

the L-1 within a multi-tier structure while serving as important

receiving centers for CS patients from lower LOC.

Lower LOC, on the other hand, receive practically all their CS

patients as ER admissions and have the highest rates of CA on

admission, the strongest independent predictor of mortality

(L-2 = 13% and L-3 = 12%). Notably, the L-2, MCS capable

without ECMO, performed higher rates of LHC and PCI for

patients with AMI-CS than L-1A and L-1. This is in line with

prior reports that have suggested that in urban environments,

small non-teaching hospitals provide similar rates of early

angiography and revascularization as larger hospitals (3).

Patients with non-ischemic etiologies of CS, on the other hand,

received much less aggressive treatment at lower care levels,

including less PAC and MCS.

Notably, close to half of patients with CS at L-2 were classified as

having “other” etiologies of CS, that is, not related to AMI or AHF.

This etiologic group named “other”—of which sepsis was the most

prevalent singular diagnosis—was even more common among

patients treated in L-3 centers, with no CCL or MCS capability. It

represents a poorly understood group of patients who had the
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FIGURE 10

Levels of care for cardiogenic shock defined by highest MCS capability. Important differences in demographics, management strategies and outcomes
were seen across different levels. Main characteristics of each level are summarized here.
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highest mortality across all LOC and received the lowest rates of

management procedures, including PAC. Patients in this etiologic

group tended to be more commonly women and had older

average age. The characteristics of this sub-group labeled as sepsis

need to be further investigated with more granular patient-level

data to discern whether it represents the increasingly recognized

mixed shock population reported in other cohorts of CS (1).

In L-3, otherwise, the prevalence of AMI-CS decreased over time

while non-ischemic etiologies became more common. Patients in this

level were also consistently older across all etiologies, had the lowest

LOS, a high rate of CA, and the highest unadjusted in-hospital

mortality rates. When adjusting for important risk modifiers for

mortality in CS such as age, CA on admission, shock etiology, and

CCI, these differences in mortality dissipated. These characteristics

could largely represent an effect of pre-hospital patient triaging by

emergency medical services and the effect of inter-hospital transfer

of younger patients toward higher LOC.

The largest difference in non-surgical procedures across LOC

was seen in the usage of PAC. L-1 and L-1A centers used PAC

at rates comparable to those reported in cohorts of large

academic centers (14), while the lower LOC used PAC at much

lower rates for all etiologies. In each LOC, PAC usage remained

mostly stable over the study period (Figure 5B).

The usage of MCS, particularly for AHF-CS, decreased with

decreasing levels of care.

The effect of transfers of patients with this etiology toward the

L-1 center likely explains some of these differences since close to a

third of patients transferred to L-1 received MCS after arrival. An

analysis of MCS escalation before and after transfer is needed to

clarify this point.
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5. Limitations

Our study relies on the accuracy of administrative data to identify

patients with cardiogenic shock. However, multiple contemporary

CS registries have used a similar approach, and prior studies

examining the accuracy of the R57.0 ICD-10 code to identify CS

have reported its positive predictive value to be as high as 93% (15).

We also rely on administrative data to classify the different CS

etiologies and collect their relevant management procedures. The

accuracy of these codes is less well-studied.

An additional limitation is that the effect of cardiogenic shock

teams within the LOC construct could not be assessed in this

report, given that they were not present in our system until late

in the study period, in 2020.

Finally, the absence of patient-level data does not allow us to

accurately identify patients affected with post-cardiotomy shock

or to stratify patients by shock severity using the Society of

Cardiovascular Angiography & Interventions (SCAI) stages of CS

classification. This limits our ability to provide an accurate risk-

adjustment for patients at each LOC.
6. Conclusion

A pragmatic definition of CS LOC based on each center’s

capability to deliver different types of MCS accurately

discriminated center types with different epidemiology, practice

patterns, and in-hospital outcomes. The differences in

management across the different CS etiologies go beyond the

frequency in MCS use. Care seems to be less homogeneous
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across LOC for non-ischemic etiologies of CS. This pragmatic

definition of LOC can be applied for future research or the

future creation of regional systems of care for the treatment of CS.
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