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p = 0.014) only in the legacy era. Reducing mortality from 22.3% and 20.5% vs 15.3% (p < 0.001).
The adjusted hazard ratio for mortality in the pre-CSWG era was 1.22 (p = 0.015) for the historical
cohort and 1.20 (p = 0.047) for the contemporary cohort. CS-international collaboration enhanced
outcomes through standardized protocols, advanced interventions, and dedicated CS teams, under-
scoring the importance of international cooperation in CS care.
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Background

The Cardiogenic Shock Working Group (CSWG) is an
academic research consortium (ARC) with an international
registry initiated in 2016. The National Institute of
Cardiology Ignacio Chavez joined the CSWG-ARC in 2021
and formally launched our CS program in 2022 with on-
going collaboration and adoption of CS-teams standards.
Our center is a level I CS hub center' with multiple tem-
porary mechanical circulatory support (MCS) devices
available, advanced therapies for heart failure, including
heart transplantation, and a referral center for different in-
stitutions (> 10 referral centers) in Mexico City.

Previous studies indicate that CS teams reduce mortality,
but none have examined their international impact outside
high-income settings, including the US™ or Europe”’ cen-
ters and its impact on a low-middle-income country (LMIC).

We aimed to demonstrate that CS-international teams in
an LMIC can impact mortality, change practices, and im-
prove outcomes.

Methods

Of 28,054 (total Coronary Care Unit [CCU] admits), we
selected 9,430 patients with Society for Cardiovascular
Angiography and Interventions (SCAI) CSWG-stage B—E
from late 2005 to 2023. For outcomes assessment, we di-
vided the cohort into 3 temporal cohorts: before CSWG in-
corporation, a historic pre-CSWG (2005-2021; n = 8,318), a
contemporary pre-CSWG era (late 2017-2021; n = 2,224),
and a CSWG-era (2022-23, n = 1,112).

The CS diagnosis was physician adjudicated defined as a
sustained episode of 1 of the following: systolic blood
pressure <90 mm Hg for at least 30 minutes; use of va-
soactive agents; cardiac index <2.2 liters/min/m? in the
absence of hypovolemia, determined to be secondary to
cardiac dysfunction; or use of 1 or more MCS devices for
clinically suspected CS."

The Local Research and Ethics Committee approved the
study protocol. Patient consent was waived because the
study was retrospective.

Statistical analysis

Continuous data are presented in medians and interquartile
ranges, categorical variables in n, and percentages. X, and

U-Mann—Whitney for 2 groups, or Kruskal-Wallis for
multiple group comparison assessed differences in catego-
rical and continuous variables, respectively.

The primary outcome was in-hospital mortality. To
compare outcomes before and after CSWG incorporation,
we performed a sextile Cox model and a separate Cox re-
gression comparing historic (2005-2021) and contemporary
(2017-2021) pre-CSWG cohorts vs the CSWG era
(2022-2023), with Pulmonary Artery Catheter (PAC) as a
prespecified subgroup. Multivariate Cox regression models
were adjusted for key clinical covariates, including age, sex,
diabetes, hypertension, previous MI, Percutaneous
Coronary Intervention (PCI), Coronary Artery Bypass
Grafting (CABG), stroke, chronic kidney disease, CS
etiology, CSWG-SCALI stage, renal replacement therapy,
and mechanical ventilation. Propensity score matching
(PSM) was applied with a 2:1 ratio for historic pre-CSWG
vs CSWG and a 1:1 ratio for contemporary pre-CSWG
vs CSWG, followed by Cox regression (For complete
methods and data, see the Supplementary Material).

Results

The CSWG era had more men (68% vs 72%) than the
historic pre-CSWG era. Clinical risk factors changed with
an increased prevalence of smoking in the CSWG era. A
heightened presence of diabetes (34.8% vs 40.1%) but
lower hypertension (50% vs 46.8%) for the historic pre-
CSWG era, but these differences do not appear in a more
contemporary pre-CSWG era. The etiology of CS also
shifted with increased Acute Myocardial Infarction (AMI)
prevalence in the CSWG era (p < 0.001). There was in-
creased use of PAC (p < 0.001) for both cohort compar-
isons and more implementation of MCS devices against the
historic cohort. Still, the only difference in MCS devices in
a contemporary cohort against the CSWG era was increased
use of Impella-CP (p = 0.037) and VA-ECMO (p < 0.001),
with no differences in Intra-Aortic Balloon Pump (IABP)
placement (Table 1).

Mortality substantially decreased in the CSWG era
(15.3%) compared to both the historic pre-CSWG era
(22.3%, p < 0.001) and contemporary pre-CSWG (20.5%,
p < 0.001) (Table 1).

Against the CSWG era, the Pre-CSWG era, the HR was
1.41 (1.2-1.65, p < 0.001), with an adjusted HR of 1.22
(1.04-1.43, p = 0.015). The 30-day restricted mean survival
time (RSMT) was —1.73 days shorter (-2.54 to —0.92,
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Kaplan-Meier survival curves and hazard ratios for patients with cardiogenic shock, comparing different treatment eras. (A)

The Kaplan-Meier curve compares survival probability between the Historic pre-CSWG era (red) and the CSWG-era (blue), (B) Kaplan-
Meier curve contrasts the Contemporary pre-CSWG era (green) with the CSWG-era (blue), (C) unadjusted hazard ratios for mortality and
(D) the adjusted hazard ratios for mortality comparing earlier eras to the CSWG era. CSWG, Cardiogenic Shock Working Group.

p < 0.001) than in the CSWG era (Figure 1A). In the
contemporary Pre-CSWG era, the HR was 1.36 (95% CI:
1.14-1.63, p = 0.001), the adjusted HR was 1.20 (95% CI:
1.00-1.43, p = 0.047), and the 30-day RSMT was —1.72
days shorter (-2.67 to —0.76, p < 0.001) (Figure 1B).

PAC presence was associated with higher hazard ratios
across all eras: historic Pre-CSWG HR = 1.96 (1.68-2.29, p
< 0.001), contemporary Pre-CSWG HR = 2.17 (1.61-2.93,
p < 0.001), and CSWG era HR = 2.08 (1.4-3.07, p
< 0.001). No significant interaction was found in the his-
toric (Piy; = 0.685) or contemporary (p;,, = 0.917) cohorts.
After adjustment, PAC presence demonstrated a protective
effect across all eras: historic Pre-CSWG HR = 0.74
(0.63-0.88, p < 0.001), and CSWG era HR = 0.61
(0.4-0.93, p = 0.023), but was not significant for the con-
temporary Pre-CSWG HR = 0.82 (0.59-1.12, p = 0.214).
No significant interaction was found in the historic (pjy
= 0.855) or contemporary (pj, = 0.575) cohorts.

In the PSM cohort, the historic Pre-CSWG era had an
HR of 1.5 (1.22-1.86, p < 0.001) and a 30-day RSMT
reduction of —1.01 days (-1.95 to —0.06, p = 0.037) com-
pared to the CSWG era. Similarly, in the contemporary
PSM cohort, the Pre-CSWG era had an HR of 1.33
(1.035-1.72, p = 0.026) and a 30-day RSMT reduction of
—1.43 days (-2.54 to —0.32, p = 0.012) (Figure 2).

Discussion

Our findings highlight significant benefits from standar-
dized protocols and global cooperation in improving care
for critically ill patients. The CSWG era shows better pa-
tient outcomes than pre-CSWG eras (historical and con-
temporary). Implementing key CS team
principles—standardized protocols, quick CS identification,
and increased use of PAC and MCS—along with rising CS
research likely explains these improvements.

With more patients receiving PAC, its benefits appear
after adjustment; prior data from CSWG and our group
indicate that PAC effectively guides management, im-
proving CS outcomes.” ' We observed an increase in MCS
usage; new trials like DANGER-SHOCK will likely en-
hance the use of transvalvular microaxial pumps in CS,
beneficial for early shock up to AMI-CS revasculariza-
tion.'? Additionally, observational data on IABP in non-
AMI-CS patients may show a better hemodynamic response
than in AMI-CS patients."’

Mortality decreased significantly once CS teams en-
gaged their core concepts, as seen before in other high-in-
come countries.” ' The PS cohort demonstrated that CSWG
incorporation improved patient outcomes regardless of
treatment intensity or CSWG-SCAI stage severity. This
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Propensity match cohort. (A) Kaplan-Meier survival curve comparing the Historic pre-CSWG era (red), (B) Kaplan-Meier

survival curve comparing the Contemporary pre-CSWG era (green) with the CSWG-era (blue), (C) p-values for covariate balance before
and after PSM in the historic cohort. (D) p-values in the PSM contemporary cohort. CABG, coronary artery bypass grafting; CKD, chronic
kidney disease; CS, cardiogenic shock; CSWG, Cardiogenic Shock Working Group; MI, myocardial infarction; PCI, percutaneous coronary
intervention; SCAI, Society for Cardiovascular Angiography & Interventions shock classification.

report is the first to emphasize that joining an international
initiative, especially in an LMIC, CS teams are vital for
improving outcomes. The cost-effectiveness of PAC and
MCS must be explored in future studies, as their incre-
mental costs may place a significant economic strain on
LMICs. However, if their use translates into a meaningful
reduction in mortality, the investment could be justified.
Careful resource allocation optimization within these
healthcare systems will be essential to ensure sustainability.

This study has limitations: First, as an observational study, it
is subject to biases, including selection bias and unmeasured
confounders. Despite propensity score matching and multi-
variate adjustments, these methods cannot account for all con-
founders. Second, the data comes from a single center in
Mexico. Third, the CSWG era study period is short
(2022-2023). Fourth, changes in patient demographics and

clinical characteristics, such as increased age and comorbidities,
could influence outcomes. Additionally, observed changes in
MCS and PAC usage may be affected by the evolving landscape
of shock treatment and providers’ preferences. Finally, no formal
heart transplantation program in CS was started for the selected
dates, and no durable left Ventricular Assist Device (LVAD)
was utilized in our cohort, mainly due to economic restraints.

Conclusion

These findings underscore how international collaboration,
uniform protocols, and thorough research significantly en-
hance patient outcomes. At our center, adopting standardized
protocols, promptly identifying CS, and utilizing advanced
interventions have significantly improved outcomes.
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