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Aims To describe the use and the relation to outcome of different ventilation strategies in a contemporary, large,
prospective registry of cardiogenic shock patients.

Methods Among 657 patients enrolled from March 2020 to November 2023, 198 (30.1%) received oxygen therapy (OT),

and results 96 (14.6%) underwent non-invasive ventilation (NIV), and 363 (55.3%) underwent invasive mechanical ventilation
(iMV). Patients in the iMV group were significantly younger compared to those in the NIV and OT groups (63 vs.
69 years, p <0.001). There were no significant differences between groups regarding cardiovascular risk factors.
Patients with SCAI B and C were more frequently treated with OT and NIV compared to iMV (65.1% and 65.4% vs.
42.6%, respectively, p > 0.001), while the opposite trend was observed in SCAI D patients (12% and 12.2% vs. 30.9%,
respectively, p <0.001). All-cause mortality at 24 h did not differ amongst the three groups. The 60-day mortality
rates were 40.2% for the iMV group, 26% for the OT group, and 29.3% for the NIV group (p=0.005), even after
excluding patients with cardiac arrest at presentation. In the multivariate analysis including SCAI stages, NIV was not
associated with worse mortality compared to iMV (hazard ratio 1.97, 95% confidence interval 0.85—-4.56), even in
more severe SCAI stages such as D.

Conclusions Compared to previous studies, we observed a rising trend in the utilization of NIV among cardiogenic shock patients,
irrespective of aetiology and SCAI stages. In this clinical scenario, NIV emerges as a safe option for appropriately
selected patients.
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Graphical Abstract

AIMS: assess the use of different ventilatory modalities in cardiogenic
shock (CS) according to SCAI stages and their impact on mortality
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Introduction

Cardiogenic shock (CS) remains a critical condition potentially
leading to multiorgan failure associated with significant morbid-
ity and mortality. Recently, the early implantation of temporary
mechanical circulatory supports (tMCS), alongside invasive haemo-
dynamic monitoring within a ‘shock team’ framework, has demon-
strated improved outcomes.'™ Respiratory failure is common in
the CS population, representing the most common organ failure
and being significantly associated with worse outcome.>® Data
from recent registries showed that the rate of CS patients treated
with positive pressure ventilation (PPV) is up to 70%.7% PPV plays
a crucial role in the management of CS by providing adequate
oxygenation, improving haemodynamics, and reducing myocardial
workload.”~12

Despite the large use of PPV, the optimal ventilation strat-
egy remains unclear, and haemodynamic profiles and underly-
ing aetiologies present unique challenges for clinical decision

making.0-12

Positive pressure ventilation @ Invasive mechanical

The present study aims to evaluate the use of different ventila-
tion strategies and their impact in a contemporary, large, prospec-
tive registry of CS patients with different aetiologies.

Methods
Study design

All patients within the AltShock-2 registry, a multicentre prospective
study (ClinicalTrials.gov Identifier: NCT04295252), were included. The
registry, operating across 12 Italian tertiary centres, has been enrolling
patients with CS since March 2020. CS was diagnosed at each enrolling
site according to the most recent definitions’3 and all patients were
stratified according to the Society for Cardiovascular Angiography and
Interventions (SCAI) stages.'

Only adult (age >18years) patients with known clinical outcomes
were considered for analyses.

The assessment of the need for ventilatory support and the selection
of ventilatory mode (non-invasive ventilation [NIV], including contin-
uous positive airway pressure and bilevel positive airway pressure, or
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invasive mechanical ventilation [iIMV]) were at the discretion of the
treating physician, who followed standard indications and contraindi-
cations for NIV and iMV treatment.

We categorized patients into three groups according to the high-
est intensity of ventilatory support throughout their hospitalization:
oxygen therapy (OT), NIV, and iMV. IMV was started as a consequence
of (a) cardiac arrest; (b) deterioration of neurologic function; (c) NIV
failure, defined as requirement for endotracheal intubation due to gas
exchanges deterioration despite NIV, or fatigue, or impending respira-
tory arrest; (d) periprocedural reasons, wherein iMV was required only
during an invasive procedure, with an iMV duration of <24 h. High-flow
nasal cannula ventilation was included in the OT group.

The primary endpoint was the cumulative probability of time to
all-cause death at 60 days. Escalation to NIV and iMV was also doc-
umented. We examined differences in aetiology, clinical and laboratory
characteristics, haemodynamic, echocardiographic findings and prog-
nostic scores on admission and at 24 h. Mortality at 24 h and mid-term
survival were reported for each treatment cohort.

The vasopressor-inotropic score (VIS) was calculated for the overall
population. This quantitative measure assesses the pharmacological
adrenergic support provided to patients by summing the dosages of
various cardiovascular medications.’® We prospectively assigned SCAI
stages to individual patients according to the updated classification.'®
A further refinement of the patients’ shock stage was independently
performed by two authors (NM, GT) during data analysis using the
updated SCAI shock stages classification.’*"7

The investigation conforms with the principles outlined in the
Declaration of Helsinki."®

Statistical analysis

The distribution of categorical variables was summarized using counts
and percentages, while median and interquartile range (IQR) were used
for continuous variables. Comparison between respiratory support
groups was performed using Chi-square test for categorical variables
and with Kruskal—Wallis test for continuous variables. Holm adjust-
ment to Chi-square test for categorical variables and Mann—Whitney
test for continuous variables was applied to pairwise comparisons
between groups. Survival probability until day 60 after cardiac intensive
care unit (CICU) admission was estimated using Kaplan—Meier curves.
Multivariable Cox regression analysis was used to assess the association
of several risk factors (respiratory support group, age, MCS, lactates)
with 60-day mortality. Covariates included in the model were chosen
as the most relevant to adjust the association of respiratory support
groups with mortality based on clinical knowledge. A regression analy-
sis with Cox model was also performed on subgroups of SCAI at 24 h.
Statistical analyses were performed using R (version 4.3.2, R Founda-
tion for Statistical Computing, Vienna, Austria).

Results

We analysed 657 patients with complete follow-up information, out
of a total of 725 patients consecutively admitted from March 2020
to November 2023 with a diagnosis of CS.

The main demographics and clinical characteristics of the study
population are shown in Table 1.

Overall, 198 patients (30%) were treated with OT, 119 (16.4%)
were supported with NIV and 363 (55%) with iMV. No one in the
OT group experienced a step up to either NIV or iMV, whereas 23

of the NIV group were escalated to iMV within the first 24 h and
were included in the latter group for analysis.

Patients in the iIMV group were significantly younger compared
to the NIV and OT group (63, 69 and 69 years, respectively,
p <0.001). There were no significant differences between groups
in terms of cardiovascular risk factors (Table 7). Patients with acute
myocardial infarction (AMI)-CS showed a higher rate of iMV com-
pared to non-AMI-CS patients, particularly acute decompensated
heart failure (ADHF)-CS (54.3% vs. 45.7%, p =0.001).

The three groups were comparable in terms of systolic blood
pressure, heart rate, oxygen saturation, left ventricular ejection
fraction and tricuspid annular plane systolic excursion (Table 7).
The NIV group exhibited a more severe congestive profile (right
atrial pressure compared to the iMV group, 14 vs. 11 mmHg,
p=0.006).

N-terminal pro-B-type natriuretic peptide levels were not signif-
icantly different between the iMV and NIV group, but appeared to
be significantly higher in the OT group compared to the iMV group
(17057.5 vs. 6177.5 ng/L, p <0.001).

Thirty-eight patients (5%) had pneumonia or ventilator-
associated pneumonia, 37 (10%) in the iMV group and one in the
NIV group. Notably, iMV patients with this respiratory complica-
tion had a longer CICU stay compared to those without (median
[IQR]: 25 [12—-38] vs. 10 [5-17] days, p < 0.001).

At admission, 10% of patients were classified as SCAI B. Specif-
ically, 17% of patients in the OT group, 16% in the NIV group,
and 6% in the iMV group were classified as SCAI B (p <0.001).
Patients classified as SCAI C were also more frequently treated
with OT and NIV compared to iMV (65.1% and 65.4% vs. 42.6%,
respectively, p > 0.001), while the opposite trend was observed in
SCAI D patients (12% and 12.2% vs. 30.9%, respectively, p < 0.001)
(Table 7).

Pharmacologic, ventilatory and MCS settings are shown in
Table 2.

The iMV group, as compared to the NIV and OT groups,
had lower PaO, (PaO,/FiO, ratio 215 vs. 278 and 310 mmHg,
p <0.001) and higher PaCO, (paCO, 37 vs. 32.5 and 31 mmHg,
p <0.001). PEEP levels during the first 24 h were similar in the
iMV and NIV groups, but the duration of ventilatory support was
significantly higher in the iMV group compared to the NIV group
(96 vs. 48h, p <0.001).

The iMV patients had higher pharmacologic support (VIS 20 vs. 9
and 8 points, p < 0.001, in the iMV group compared to the NIV and
OT groups), and a significantly greater proportion of NIV patients
were treated with sodium nitroprusside (53.1% vs. 32.8% in the
OT group and 24.2% in the iMV group, p <0.001).

The time from CICU admission to tMCS was longer in the OT
and NIV groups compared to the iMV group (median [IQR]: 0
[0-1] days [69.4% 0 days] and O [0—1] days [64.8% 0days] vs. 0
[0—0] days [86.2% 0 days], p < 0.001).

Venoarterial extracorporeal membrane oxygenation and
Impella were more frequently implanted in the iMV group
(Table 2), whereas intra-aortic balloon pump (IABP) was the
most common device used in the OT and NIV groups com-
pared to the iMV group (92.7% and 88.9% vs. 73.7%, p <0.001)
(Table 2).
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Table 1 Comparison of demographic and clinical characteristics between patients categorized by respiratory support

Characteristics

Overall

iMV

Age, years

Male sex, n (%)

Risk factors, n (%)
Smoking
Hypertension
Diabetes

CS aetiology, n (%)
AMI
ADHF
Acute myocarditis
PE
Other
Resuscitated

Clinical findings
SBP, mmHg
Heart rate, bpm
Heart rate 24 h, bpm
SpO,, %

SpO, 24h, %
RAP, mmHg
RAP 24 h, mmHg
LVEF, %

TAPSE, mm

Biochemistry
Haemoglobin, g/dI
Creatinine, mg/dl
ALT, UL
Bilirubin, mg/dl
NT-proBNP, ng/L
NT-proBNP 24 h, ng/L
BNP, pg/ml
BNP 24 h, pg/ml

Blood gas analysis
pH
pH24h
pCO,, mmHg
pCO, 24 h, mmHg
pO,, mmHg
pO, 24 h, mmHg
pO,/FiO, ratio
pO,/FiO, ratio 24 h
Lactates, mmol/L
Lactates 24 h, mmol/L
SvO,, %

SvO, 24h, %

SCAI class, n (%)

monN®>»

SC

>

| class 24 h, n (%)

mgQON®>»

Mortality, n (%)
24-h mortality
60-day all-cause mortality, n (%)

66 [56-75]
499 (76.1)

162 (24.9)
362 (55.2)
202 (30.8)

329 (50.1)
190 (28.9)
17 (2.6)
16 (2.4)
105 (16.0)
156 (25.4)

95 [80-110]
90 [75.75-110]
86.00 [74—100]
97 [95-99]

98 [96—100]
12 [8-15]

10 [6-12]

25 [17-33.75]
15 [12-18]

12.70 [10.80—14.50]
1.33 [1-1.90]

68 [27-188]

0.80 [0.50—1.40]

8560 [4377.50—-22 244]
6996 [3667—19 050]
455 [97-1213]

426 [204-873]

737 [7.28-7.44]
7.45 [7.40-7.49]

35 [30-42]

35.00 [31.00-40.00]
98 [78—141.50]

101 [83-136]

250 [159.25-362.50]
280.5 [207-360]
2.70 [1.60-5.80]
1.50 [1.10-2.40]

62 [51-71]

65.95 [58.25-73]

20 3.3)
64 (10.5)
318 (52.3)
138 (22.7)
68 (11.2)

42 (73)
100 (17.5)
295 (51.6)
100 (17.5)
35 (6.1)

20 (3.0)
229 (34.9)

69 [57-80]
142 (71.7)

43(218)
106 (53.8)
57 (28.8)

88 (44.4)
71 (35.9)
3(1.5)

5 (2.5)
31 (15.7)
10 (5.8)

93 [83.50—107.25]
90 [75-110]

88 [73-100]

97 [95-98]

98 [96-99]

12 [7-17]

10 [5-14]

25 [18-34.50]

15 [13-18]

12.45 [10.97—-14.40]
1.30 [1-2.20]

57 [27-181]

1 [0.60—1.70]

17057.50 [6373.75-27 451]

10484 [4747-22943]
737 [261-1908]
557 [325.50-1136]

7.42 [7.36-7.46]
7.47 [7.43-7.50]
31 [27-37]
34.00 [30.00—38.00]
91 [77-116.50]
95 [80-112]

310 [210-389]
314 [235.5-400]
2.30 [1.60-4.25]
1.40 [1.10-1.90]
57.90 [45—66.90]
61.40 [56—69]

4(23)
30 (17.1)
114 (65.1)
21 (12.0)
6 (3.4)

23 (13.9)
39 (23.5)
88 (53.0)
12(7.2)
424

5(2.5)
58 (29.3)

69 [60.5-78]
80 (83.3)

27 (28.4)
58 (60.4)
35 (36.5)

44 (45.8)
39 (40.6)
0(0.0)
0(0.0)
13 (13.5)
4(43)

95.50 [84.25—115.50]
90 [78-110]

86.5 [74.5-104.25]
97.50 [95-99]

98 [96—99]

14 [9-18]
9[5.25-12]

25 [18-30]

15 [13-18]

12 [10-13.80]
1.40 [1.02-2.55]
28.50 [19.25-79.50]
1 [0.60—1.80]

8674 [4998—24 945]

9418.50 [5028.75-21422.75]

1089 [514-1904]
620 [420.75-1150]

7.40 [7.34-7.46]
7.46 [7.41-7.50]
32.50 [28-38]
34.00 [30.00—38.00]
94 [75.50-123]

102 [85-129]
278.50 [203-353]
303 [240-359.5]
1.80 [1.30-2.90]
1.50 [1.00-1.90]
57.80 [46—66]

63 [57.22-69.43]

7(78)
14 (15.6)
58 (64.4)
11 (122)
0(0.0)

6 (6.8)
27 (30.7)
43 (48.9)
12 (13.6)
0

1(1.0)
25 (26.0)

63 [55-72]
277 (76.5)

92 (25.7)
198 (54.5)
110 (30.4)

197 (54.3)
80 (22.0)
14 (3.9)
11 (3.0)
61 (16.8)
142 (40.6)

96 [80-112]
91 [77.75-110]
86 [75-99.75]
98 [95-100]

98 [97-100]

11 [8-14]

9 [6-12]

25 [15-34.75]
15 [11-18]

12.90 [11-14.80]
1.29 [1-1.80]

89 [36.50-227]
0.80 [0.50-1.30]

6177.50 [3101.25-10033.75]
4723 [2279.25-8978.25]

352 [61.50-768.50]
384 [176-633.50]

733 [7.22-7.41]
7.44 [7.39-7.48]

37 [32-45.50]
36.00 [33.00-41.00]
105 [79.75—154.25]
107.50 [85-152]
215 [131-325]

250 [193.5-330]
3.40 [1.90-7.12]
1.75 [1.17-2.70]
66.40 [55.90—73]
69.15 [60.40-74.05]

9 (2.6)

20 (5.8)
146 (42.6)
106 (30.9)
62 (18.1)

13 (4.1)
34 (10.7)
164 (51.6)
76 (23.9)
31 (9.7)

14 (3.9)
146 (40.2)

<0.001b<
0.087

0.418
0.529
0.397
0.001b<

<0.0015¢

0.597
0.926
0.624
0.067
0.001°
0.006¢
0.237
0.711
0.067

0.009¢
0.149
<0.0012¢
0.001b<
<0.0015¢
<0.001b<
<0.001b<
0.013%

<0.001b<
0.001°
<0.001b<
<0.0015¢
0.001b<
<0.0012°
<0.0015¢
<0.001b<
<0.0012b<
<0.001b<
<0.001b<
<0.0015¢
<0.001b<

<0.0015¢

0.317
0.005b¢

Data are presented as median (interquartile range), unless indicated otherwise.
ADHEF, acute decompensated heart failure; ALT, alanine transaminase; AMI, acute myocardial infarction; BNP, B-type natriuretic peptide; CS, cardiogenic shock; FiO,, fractional inspired oxygen concentration;
iMV, invasive mechanical ventilation; LVEF, left ventricular ejection fraction; NIV, non-invasive ventilation; NT-proBNP, N-terminal pro-B-type natriuretic peptide; OT, oxygen therapy; pCO,, partial pressure
of carbon dioxide; PE, pulmonary embolism; pO,, partial pressure of oxygen; RAP, right atrial pressure; SBP, systolic blood pressure; SCAI, Society for Cardiovascular Angiography and Interventions;

SpO;, saturation of peripheral oxygen; SvO,, venous oxygen saturation; TAPSE, tricuspid annular plane systolic excursion.
*P-values are calculated with the Kruskal-Wallis test for continuous variables and the Chi-square test for categorical variables. Pairwise comparisons are performed using the Mann—Whitney test for
continuous variables and the Chi-square test for categorical variables, in both cases p-values are adjusted by Holm correction: adjusted p < 0.05 for the difference between (2) OT vs. NIV, (°) OT vs. iMV,

(©) NIV vs. iMV.
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Table 2 Pharmacological, mechanical circulatory support and ventilatory support

Characteristics

Overall (n=657)

OT (n=198)

NIV (n=96)

iMV (n=363)

p-value*

Pharmacological treatment, n (%)

Dobutamine 253 (38.5)
Dopamine 78 (11.9)
Vasopressin 16 (2.4)
Sodium nitroprusside 204 (31.1)
Enoximone 14 (2.1)
Milrinone 29 (4.4)
Epinephrine 352 (53.6)
Norepinephrine 372 (56.6)
Levosimendan 224 (34.1)
Inhaled nitric oxide 39 (5.9)

Mechanical circulatory support, n (%)

Any support 428 (65.3)

IABP 342 (79.9)

Impella 95 (22.2)

ECMO 128 (29.8)
Ventilatory support

Duration of ventilation, h 72 [36-21

PEEP, cmH,O 7 [5-10]

112 (56.6)
26 (13.1)
0 (0.0)

65 (32.8)
3(1.5)

7 (3.5)

56 (28.3)
85 (42.9)
60 (30.3)
0 (0.0)

98 (50.0)
89 (92.7)
9(9.3)
6 (6.2)

2]

35 (36.5)
14 (14.6)
0(0.0)
51 (53.1)
2 (2.1)
4(42)
55 (57.3)
35 (36.5)
41 (42.7)
0(0.0)

54 (56.2)
48 (88.9)
6 (11.1)
0(0.0)

48 [24-96]
7 [6-8]

106 (29.2)
38 (10.5)
16 (4.4)
88 (24.2)
9 (2.5)

18 (5.0)
241 (66.4)
252 (69.4)
123 (33.9)
39 (10.7)

276 (76.0)
205 (73.7)
80 (28.9)

122 (43.7)

96 [39-240]
7 [5-10]

<0.0012
0.436
0.001°
<0.0012b<
0.751
0.729
<0.0012
<0.001b<
0.108
<0.001b<

<0.001b<
<0.001®

<0.001b<
<0.001b<

<0.001
0.293

Data are presented as median (interquartile range), unless indicated otherwise.
ECMO, extracorporeal membrane oxygenation; IABP, intra-aortic balloon pump; iMYV, invasive mechanical ventilation; NIV, non-invasive ventilation; OT, oxygen therapy; PEEP,

positive end-expiratory pressure.

*P-values are calculated with the Kruskal—Wallis test for continuous variables and the Chi-square test for categorical variables. Pairwise comparisons are performed using the
Mann—Whitney test for continuous variables and the Chi-square test for categorical variables, in both cases p-values are adjusted by Holm correction: adjusted p < 0.05 for
the difference between (2) OT vs. NIV, (°) OT vs. iMV, (°) NIV vs. iMV.
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Figure 1 Mid-term survival by respiratory support (A) and mid-term survival by respiratory support, after excluding patients with cardiac
arrest at presentation (B). (A) Pairwise comparisons with p-values adjusted by Holm correction: oxygen therapy (OT) vs. non-invasive ventilation
(NIV) p=0.439, OT vs. invasive mechanical ventilation (iMV) p =0.032, NIV vs. iMV p =0.032. (B) Pairwise comparisons with p-values adjusted

by Holm correction: OT vs. NIV p=0.343, OT vs. iMV p=0.103, NIV vs. iMV p =0.034. CICU, cardiac intensive care unit.
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No difference was found between OT, NIV and iMV groups
with respect to heart replacement therapy, either left ventricular
assist device (3%, 4.2% and 4.4%, p =0.722) or orthotopic heart
transplantation (4.5%, 4.2% and 4.7%, p = 0.977).

Mortality

All-cause mortality at 24 h was similar in the three groups (Table 1),
whereas 60-day mortality was significantly higher in the iMV group
compared with the OT and NIV groups (40.2% vs. 29.3% and 26%,
respectively, p = 0.005) (Table 7 and Figure 7A).

Furthermore, after exclusion of 156 patients with cardiac arrest
at presentation, iMV was still associated with lower survival com-
pared to the NIV group (Figure 7B). After adjustment for age, lac-
tates, and tMCS, iMV was associated with a higher risk of 60-day
mortality (iMV vs. NIV: HR 2.24, 95% CI 1.36-3.68) (Table 3).

Table 3 Multivariate Cox regression analysis for
60-day mortality on patients with no cardiac arrest
(n=459)

Variable HR (95% CI) p-value
Age, per year 1.05 (1.03-1.06) <0.001
NIV vs. OT 0.84 (0.50-1.40) 0.502
iMV vs. OT 1.63 (1.10-2.39) 0.014
Lactates, per unit 1.06 (1.02-1.10) 0.006
MCS yes vs. no 0.79 (0.54-1.16) 0.231
Inotropic score, per unit 1.02 (1.01-1.03) <0.001

ClI confidence interval; HR, hazard ratio; iMV, invasive mechanical ventilation;
MCS, mechanical circulatory support; NIV, non-invasive ventilation; OT, oxygen
therapy.

60

50

60-day
mortality40
(%)

Ventilatory
support

24h A-B oT
Figure 2 Sixty-day mortality of the oxygen therapy (OT),
non-invasive ventilation (NIV) and invasive mechanical ventilation
(iMV) groups stratified by SCAIl at 24 h.

Table 4 Multivariate Cox regression analysis for
60-day mortality on subgroups of SCAI at 24 h and
adjusted for age and mechanical circulatory support

Variable HR (95% CI) p-value
SCAI24h A-B (n=142)
Age, per year 1.07 (1.02-1.11) 0.002
NIV vs. OT 1.06 (0.35-3.21) 0.919
iMV vs. OT 1.13 (0.39-3.27) 0.820
MCS yes vs. MCS no 0.68 (0.25-1.82) 0.439
Inotropic score, per unit 1.02 (1.01-1.04) 0.004
SCAI24h C (n=295)
Age, per year 1.04 (1.02-1.06) <0.001
NIV vs. OT 0.65 (0.30-1.39) 0.264
iMV vs. OT 0.92 (0.55-1.54) 0.745
MCS yes vs. MCS no 0.80 (0.50-1. 28) 0.357
Inotropic score, per unit 1.02 (1.01-1.03) <0.001
SCAI24h D (n=135)
Age, per year 1.03 (1.00-1.05) 0.034
NIV vs. OT 1.17 (0.38-3.60) 0.791
iMV vs. OT 2.14 (0.81-5.66) 0.125
MCS yes vs. MCS no 0.38 (0.19-0.76) 0.007
Inotropic score, per unit 1.01 (0.99-1.02) 0.244

Cl, confidence interval; HR, hazard ratio; iMV, invasive mechanical ventilation;
MCS, mechanical circulatory support; NIV, non-invasive ventilation; OT, oxygen
therapy; SCAI, Society for Cardiovascular Angiography and Interventions.

Figure 2 illustrates the 60-day mortality rates among the OT, NIV
and iMV groups, categorized by SCAI at 24 h. In the multivariate
analysis conducted across the entire population, stratified by SCAI
stage, NIV was found to be associated with a non-significant trend
towards a reduced risk of 60-day mortality. Notably, this trend
persisted even in more severe SCAI stages, including stage D (iMV
vs. NIV: HR 1.97, 95% Cl 0.85—4.56) (Table 4).

Discussion

This study compares the use of ventilatory support in a real-world,
multicentre, prospective, contemporary cohort of patients with
CS. The main findings of our study are as follows: (i) compared with
previous data, there is a growing trend in NIV utilization among CS
patients, including those in higher SCAI stages (C—-D), with a low
rate of escalation to iMV; (ii) iMV patients have a higher risk of
60-day mortality even after adjustment for lactates, MCS use and
SCAI stage (Graphical Abstract).

In the AHEAD, CCCTN, and CardShock registries,”®'® only
8%, 5%, and 12% of patients, respectively, were treated with NIV.
Notably, compared to the CardShock results, we were able to
describe the maximum intensity of ventilatory support during the
index event throughout the entire hospital stay and not just during
the first 24 h.

In our study, 16.4% of patients received initial treatment with
NIV, a markedly higher percentage than in previous studies, accom-
panied by a low rate of escalation to iMV, mostly within the first
24h. The rate of patients treated with OT was 30%, similar to

© 2024 The Author(s). European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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the CardShock study.® This cohort did not differ significantly from
the NIV group in terms of baseline characteristics. Compared to
the iMV group, OT patients were more often hospitalized with
ADHF-CS and had better baseline oxygenation. Moreover, these
patients had lower SCAI stages at baseline compared to the iMV
group, confirming that CS treatment should be tailored to patient
risk.

While PPV is typically used to manage respiratory failure, it also
exerts a favourable haemodynamic impact by reducing the respira-
tory workload. This facilitates the redistribution of oxygen delivery
from respiratory muscles to vital organs, optimizing myocardial
oxygen consumption.'® In addition, PPV improves left ventricular
afterload by modulating transmural pressure, reduces left ventric-
ular preload,'® and promotes hydrostatic displacement of alveolar
oedema.?’

In a randomized trial, PPV was shown to be superior to OT
in improving respiratory, haemodynamic, and metabolic outcomes
without a clear effect on mortality.? Within the spectrum of
PPV, both iMV and NIV are used in CS patients, depending
on patient’s respiratory status, haemodynamic stability, and the
need for short-term intra-procedural sedation or anaesthesia. IMV
allows the control of respiratory mechanics, while NIV can serve
as an alternative for awake cooperative patients with intact respi-
ratory drive. All these modalities, in contrast to OT, offer higher
flows to support the greater minute ventilation request (up to
60 L/min), which is the key factor to reduce the work of breathing.2

Invasive mechanical ventilation setting strategies, such as lung
protective ventilation, have been imported from studies in acute
respiratory failure of different aetiologies than cardiogenic pul-
monary oedema.”? However, recent clinical experiences shed light
on the potential limitations of traditional approaches in this specific
patient population.!” As a result, a shift towards personalized ven-
tilation strategies that consider both pulmonary and cardiac patho-
physiology has gained momentum. Unfortunately, data on the use
of PPV in CS are scarce, despite the increasing incidence of respi-

19,24,25 most

ratory failure in CICUs. According to available studies,
patients with CS, especially AMI-CS, requiring ventilatory support
are ventilated invasively.

Based on this limited evidence, the European Society of Cardiol-
ogy guidelines for the diagnosis and treatment of acute and chronic
heart failure recommend correcting hypoxaemia when SpO, <90%
or PaO, <60 mmHg by starting PPV as soon as available in patients
with respiratory distress to improve gas exchange, without provid-
ing further recommendations on the type of support (NIV or iMV)
in patients with CS.2¢ In addition, the 2017 European Respiratory
Society/American Thoracic Society clinical practice guidelines on
the use of NIV in acute respiratory failure do not provide rec-
ommendations for patients with CS, given the complexity of the
disease interaction and the lack of evidence specifically in these
patients.?”

Our results suggest that the iMV group included a more severe
CS SCAI stage, defined by a higher incidence of cardiac arrest,
metabolic acidosis, higher lactate levels. Worse respiratory alveolar
exchanges were also evident in the iMV group, despite the more
intensive respiratory support, as indicated by the higher degree of
hypoxaemia and hypercarbia. Conversely, the NIV group included

more patients with a higher degree of congestion, probably due to
the higher prevalence of ADHF aetiology, but less hypoperfusion
compared to the iMV group.

According to the aetiology, patients with AMI-CS were more
frequently classified as SCAI E likely due to a higher incidence
of cardiac arrest in this group. The IABP was the most used
device across both groups, whereas the Impella device was more
frequently utilized in AMI-CS patients.

Our study presents an analysis of ventilation modalities alongside
the incorporation of SCAI stage classification, effectively filling a
notable void observed in previous research.”#1%24

The lack of phenotyping has posed a significant limitation in
discerning which patients might derive benefits from different ven-
tilation modalities, particularly in critical clinical scenarios where
prompt intervention is essential.

Knowing that reclassification of SCAIl stage at 24 h improves
outcome prediction,’® we observed that patients identified as SCAI
D at 24h and treated with NIV did not have worse outcomes
compared to iMV.

A limited number of patients progressed to higher SCAI stages.
Among the 33 patients in the OT group with SCAI A or B at
admission, 10 (30.3%) progressed to SCAI C (n=8) or D (n=2)
at 24 h. In the NIV group, of the 21 patients with SCAI A or B at
admission, 2 (9.5%) progressed to SCAI C (n=1) or D (n=1) at
24 h. For the iMV group, among 28 patients with SCAl A or B at
admission, 8 (28.6%) progressed to SCAI C (n=6) or D (n=2) at
24h.

Regarding the NIV group, the potential reasons for the limited
progression to higher SCAI stages, although speculative due to
the intrinsic selection bias of an observational prospective study,
may include: (i) close monitoring of the NIV group given the
high risk of acuity progression; and (ii) prompt allocation of PPV
and its beneficial haemodynamic and respiratory effects, allowing
stabilization of clinical conditions.

Furthermore, the stages delineated in the SCAI pyramid?®
exhibit a nuanced gradation of severity which does not take into
account the role of respiratory failure and its severity, nor the type
of ventilatory support required. Insights on respiratory failure and
the choice of ventilatory modality might provide clinicians with
valuable insights for refined risk stratification, facilitating tailored
therapeutic interventions.

Although the number of SCAI D patients receiving NIV in
our registry is limited, our data underscore the potential of
non-invasive modalities as a first-line approach even in advanced
SCAIL It has been demonstrated that each hour delay to iMV
in patients with respiratory failure leads to a steep increase in
mortality.’ Hence, it is conceivable that patients with elevated
SCAI stages could be effectively treated with non-invasive modal-
ities, and that a strict monitoring to evaluate the need for rapid
step up in case of worsening cardiovascular/respiratory conditions,
allows a right allocation of resources without detrimental effect on
short-term outcome (Table 4).

The differences in pharmacologic settings between the NIV
and iMV groups are consistent with the level of medical support
required by the specific populations. IMV typically requires more
vasoactive medications, either because of greater acuity or to

© 2024 The Author(s). European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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counteract the circulatory effects of sedative medications. Con-
versely, the higher use of vasodilator drugs applies to non-sedated
patients where haemodynamics are permissive (no severe hypoten-
sion).

Of note, our population included a high proportion of ADHF-CS
patients, for whom there is little evidence to guide the optimal
mechanical ventilation settings, since this population has been
excluded or poorly represented in critical care studies.

In the cohort of patients treated with tMCS, a high rate of
ADHF-CS patients were supported with IABP. Few studies have
evaluated the combination of mechanical ventilation and tMCS:
Liu and colleagues reported that the combination of IABP with
PPV was associated with improvement in left ventricular function
compared with IABP alone in a small retrospective study.>

The potential benefit of PPV in CS patients receiving IABP is
most likely due to the concomitant effect of the afterload opti-
mization secondary to PEEP application, the direct IABP effect on
arterial elastance,’!
reabsorption, leading to improved oxygenation and oxygen deliv-

as well as the alveolar recruitment and oedema

ery.

After the exclusion of patients with cardiac arrest, Kaplan—
Meier curves (Figure 1B) confirmed a higher mortality in iMV
patients at 60 days.

Ultimately, these data confirm the detrimental effect of iMV on
mortality in patients with CS and calls for a renewed interest on
lung function and pulmonary oedema as therapeutic targets of the
haemodynamic platform to tackle CS, including decongestion of the
pulmonary circulation via reduction of pulmonary capillary wedge
pressure.

Moreover, iMV patients had more often respiratory complica-
tions in terms of pneumonia and consequently they had a longer
CICU stay.

Invasive mechanical ventilation is a life-saving therapeutic strat-
egy for patients who meet the criteria for its use. Notably, two
sub-studies of the TRIUMPH and CULPRIT-SHOCK trials?®3?
reported worse outcomes in patients where iMV initiation was
delayed after the onset of CS. Many studies have found a correlation
between iMV and increased mortality, which may be attributed to
the higher acuity of patients needing iMV. Our results suggest that
short-term iMV was not associated with increased mortality, but
longer durations were. The justification for these findings, along
with the use of NIV in advanced SCAI stages, may be speculative.
Factors include the appropriate and timely selection and allocation
of patients to different ventilation strategies.>*> Thus, iMV should
not be seen as an intervention to avoid but rather one to be used
judiciously based on patient needs.

This study should be interpreted in view of some limitations.
First, due to its observational nature, possible unmeasured con-
founders prevent the establishment of causal relationships. Second,
the limited sample size does not allow for a complete evaluation of
the ischaemic versus non-ischaemic subgroups, with their peculiar
clinical characteristics and adaptation mechanisms: different venti-
lation modalities likely have a different impact on pathophysiology.
Third, the approach taken by the investigators was not standard-
ized, as it relied on institutional protocols and best practices, which
may differ across different medical centres. Furthermore, details

such as pressure support levels, variations in PEEP and types of NIV
interfaces were not provided, potentially impacting the outcomes
of the study.

Finally, in fragile or elderly patients limitations on treatment
intensity could have influenced the choice between NIV and iMV.
However, a previous survey conducted by our group and focused
on a cohort of ADHF-CS patients, showed that therapy-limiting
practice are not routine in the Italian centres participating in the
AltShock registry.3*

Conclusion

Our analysis of the AltShock-2 registry indicates that NIV could
be a safe first-line ventilation option for patients with CS, including
those with advanced SCAI classes. Further studies are needed to
explore personalized ventilation approaches based on underlying
aetiologies, considering factors such as interface selection, ventila-
tion modalities, settings, standardized reporting criteria, sedation
protocols, and optimal weaning strategies for CS patients.

Acknowledgements

We thank Dr. Dario Brunelli for data management and Laura
Garatti, Amelia Ravera and Filippo Trambara for their contribution
to this investigation. Open access publishing facilitated by Azienda
Socio Sanitaria Territoriale degli Spedali Civili di Brescia, as part of
the Wiley - SBBL agreement.

Conflict of interest: none declared.

References

1. Lauridsen MD, Rerth R, Lindholm MG, Kjaergaard ], Schmidt M, Maller JE, et al.
Trends in first-time hospitalization, management, and short-term mortality in
acute myocardial infarction-related cardiogenic shock from 2005 to 2017: A
nationwide cohort study. Am Heart | 2020;229:127—-137. https://doi.org/10.1016
/j.ahj.2020.08.012

2. Sinha SS, Rosner CM, Tehrani BN, Maini A, Truesdell AG, Lee SB, et al. Cardio-
genic shock from heart failure versus acute myocardial infarction: Clinical charac-
teristics, hospital course, and 1-year outcomes. Circ Heart Fail 2022;15:€009279.
https://doi.org/10.1161/CIRCHEARTFAILURE.121.009279

3. Bertaina M, Morici N, Frea S, Garatti L, Briani M, Sorini C, et al. Differences
between cardiogenic shock related to acute decompensated heart failure and
acute myocardial infarction. ESC Heart Fail 2023;10:3472—-3482. https://doi.org
/10.1002/ehf2.14510

4. Aboal J, Pascual ], Loma-Osorio P, Nuiiez M, Badosa E, Martin C, et al. Impact
of a cardiogenic shock program on mortality in a non-transplant hospital. Heart
Lung Circ 2024;33:38—45. https://doi.org/10.1016/j.hlc.2023.11.010

5. Vallabhajosyula S, Dunlay SM, Prasad A, Kashani K, Sakhuja A, Gersh B, et al.
Acute noncardiac organ failure in acute myocardial infarction with cardiogenic
shock. | Am Coll Cardiol 2019;73:1781-1791. https://doi.org/10.1016/j.jacc.2019
.01.053

6. Jentzer JC, Alviar CL, Miller PE, Metkus T, Bennett CE, Morrow DA, et al. Trends
in therapy and outcomes associated with respiratory failure in patients admitted
to the cardiac intensive care unit. | Intensive Care Med 2022;37:543—554. https:/
/doi.org/10.1177/08850666211003489

7. Metkus TS, Miller PE, Alviar CL, Baird-Zars VM, Bohula EA, Cremer PC, et al.
Advanced respiratory support in the contemporary cardiac ICU. Crit Care Explor
2020;2:0182. https://doi.org/10.1097/CCE.0000000000000182

8. Hongisto M, Lassus J, Tarvasmaki T, Sionis A, Tolppanen H, Lindholm MG, et al.
Use of noninvasive and invasive mechanical ventilation in cardiogenic shock: A
prospective multicenter study. Int | Cardiol 2017;230:191-197. https://doi.org
/10.1016/j.ijcard.2016.12.175

9. Masip J. Noninvasive ventilation in acute heart failure. Curr Heart Fail Rep
2019;16:89-97. https://doi.org/10.1007/s11897-019-00429-y

© 2024 The Author(s). European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.

85U801 7 SUOLULLOD A1) 3[cedl|dde auy Ag peusenob a1e sajoiie YO ‘SN JO Sa|nI o} Akeidi8UlJUQ AB]IAA UO (SUOIPUOO-PUR-SLUIB)W0 A8 1M Ale.ql U Uo//Sdiy) SUOHIPUOD pue SWs 1 841 88S " [7202/2T/90] uo AkeiqiTauliuo A8]im ‘0susly I 101(qig 1S BUSIS JO AISIBAIUN AQ 60VE"JUB/Z00T OT/I0PALIY A8 | 1M Afe.d 1 |Bul|Uo//ScIY WO. pepeojumoa ‘0 ‘v806.8T


https://doi.org/10.1016/j.ahj.2020.08.012
https://doi.org/10.1016/j.ahj.2020.08.012
https://doi.org/10.1161/CIRCHEARTFAILURE.121.009279
https://doi.org/10.1002/ehf2.14510
https://doi.org/10.1002/ehf2.14510
https://doi.org/10.1016/j.hlc.2023.11.010
https://doi.org/10.1016/j.jacc.2019.01.053
https://doi.org/10.1016/j.jacc.2019.01.053
https://doi.org/10.1177/08850666211003489
https://doi.org/10.1177/08850666211003489
https://doi.org/10.1097/CCE.0000000000000182
https://doi.org/10.1016/j.ijcard.2016.12.175
https://doi.org/10.1016/j.ijcard.2016.12.175
https://doi.org/10.1007/s11897-019-00429-y

Ventilation strategies in cardiogenic shock

20.

21.

22.

23.

. Alviar CL, Miller PE, McAreavey D, Katz N, Lee B, Moriyama B, et al; ACC

Critical Care Cardiology Working Group. Positive pressure ventilation in the
cardiac intensive care unit. | Am Coll Cardiol 2018;72:1532—-1553. https://doi.org
/10.1016/j.jacc.2018.06.074

. Tavazzi G. Mechanical ventilation in cardiogenic shock. Curr Opin Crit Care

2021;27:447-453. https://doi.org/10.1097/MCC.0000000000000836

. Miller PE, Van Diepen S, Metkus TS, Alviar CL, Rayner-Hartley E, Rathwell S, et al.

Association between respiratory failure and clinical outcomes in patients with
acute heart failure: Analysis of 5 pooled clinical trials. | Card Fail 2021;27:602—-606.
https://doi.org/10.1016/j.cardfail.2021.01.018

. Chioncel O, Parissis |, Mebazaa A, Thiele H, Desch S, Bauersachs |, et al.

Epidemiology, pathophysiology and contemporary management of cardiogenic
shock — a position statement from the Heart Failure Association of the European
Society of Cardiology. Eur | Heart Fail 2020;22:1315—1341. https://doi.org/10
.1002/ejhf.1922

. Kapur NK, Kanwar M, Sinha SS, Thayer KL, Garan AR, Hernandez-Montfort |,

et al. Criteria for defining stages of cardiogenic shock severity. | Am Coll Cardiol
2022;80:185—198. https://doi.org/10.1016/j.jacc.2022.04.049

. Patel SM, Berg DD, Bohula EA, Baird-Zars VM, Barsness GW, Chaudhry SP, et al.

Early serial assessment of aggregate vasoactive support and mortality in cardio-
genic shock: Insights from the Critical Care Cardiology Trials Network registry.
Circ Heart Fail 2024;17:€011736. https://doi.org/10.1161/CIRCHEARTFAILURE
.124.011736

. Baran DA, Grines CL, Bailey S, Burkhoff D, Hall SA, Henry TD, et al. SCAI clinical

expert consensus statement on the classification of cardiogenic shock. Catheter
Cardiovasc Interv 2019;94:29—37. https://doi.org/10.1002/ccd.28329

. Morici N, Frea S, Bertaina M, Sacco A, Corrada E, Dini CS, et al. SCAI stage

reclassification at 24 h predicts outcome of cardiogenic shock: Insights from the
Altshock-2 registry. Catheter Cardiovasc Interv 2023;101:22—32. https://doi.org/10
.1002/ccd.30484

. Rickham PP. Human experimentation. Code of ethics of the World Medical

Association. Declaration of Helsinki. Br Med | 1964;2:177. https://doi.org/10
.1136/bmj.2.5402.177

. Spinar ], Parenica |, Vitovec |, Widimsky P, Linhart A, Fedorco M, et dl.

Baseline characteristics and hospital mortality in the Acute Heart Failure
Database (AHEAD) Main registry. Crit Care 2011;15:R291. https://doi.org/10
.1186/cc10584

Ingbar DH. Cardiogenic pulmonary edema: Mechanisms and treatment — an
intensivist’s view. Curr Opin Crit Care 2019;25:371-378. https://doi.org/10.1097
/MCC.0000000000000626

Osman A, Via G, Sallehuddin RM, Ahmad AH, Fei SK, Azil A, et al. Hel-
met continuous positive airway pressure vs. high flow nasal cannula oxy-
gen in acute cardiogenic pulmonary oedema: A randomized controlled trial.
Eur Heart | Acute Cardiovasc Care 2021;10:1103-1111. https://doi.org/10.1093
/ehjacc/zuab078

Grieco DL, Maggiore SM, Roca O, Spinelli E, Patel BK, Thille AW, et al.
Non-invasive ventilatory support and high-flow nasal oxygen as first-line treat-
ment of acute hypoxemic respiratory failure and ARDS. Intensive Care Med
2021;47:851-866. https://doi.org/10.1007/s00134-021-06459-2

Putensen C, Theuerkauf N, Zinserling ), Wrigge H, Pelosi P. Meta-analysis:
Ventilation strategies and outcomes of the acute respiratory distress syndrome
and acute lung injury. Ann Intern Med 2009;151:566—576. https://doi.org/10.7326
/0003-4819-151-8-200910200-00011

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

Alexander JH, Reynolds HR, Stebbins AL, Dzavik V, Harrington RA, Van de
Werf F, et al; TRIUMPH Investigators. Effect of tilarginine acetate in patients with
acute myocardial infarction and cardiogenic shock: The TRIUMPH randomized
controlled trial. JAMA 2007;297:1657-1666. https://doi.org/10.1001/jama.297
.15.joc70035

Vallabhajosyula S, Kashani K, Dunlay SM, Vallabhajosyula S, Vallabhajosyula S,
Sundaragiri PR, et al. Acute respiratory failure and mechanical ventilation in car-
diogenic shock complicating acute myocardial infarction in the USA, 2000-2014.
Ann Intensive Care 2019;9:96. https://doi.org/10.1186/s13613-019-0571-2
McDonagh TA, Metra M, Adamo M, Gardner RS, Baumbach A, Bohm M, et al;
ESC Scientific Document Group. 2021 ESC Guidelines for the diagnosis and
treatment of acute and chronic heart failure: Developed by the Task Force for
the diagnosis and treatment of acute and chronic heart failure of the European
Society of Cardiology (ESC). With the special contribution of the Heart Failure
Association (HFA) of the ESC. Eur | Heart Fail 2022;24:4—131. https://doi.org/10
.1002/ejhf.2333

Rochwerg B, Brochard L, Elliott MW, Hess D, Hill NS, Nava S, et al. Official
ERS/ATS clinical practice guidelines: Noninvasive ventilation for acute respiratory
failure. Eur Respir | 2017;50:1602426. https://doi.org/10.1183/13993003.02426
-2016

Naidu SS, Baran DA, Jentzer JC, Hollenberg SM, van Diepen S, Basir MB,
et al. SCAl SHOCK stage classification expert consensus update: A review and
incorporation of validation studies: This statement was endorsed by the American
College of Cardiology (ACC), American College of Emergency Physicians (ACEP),
American Heart Association (AHA), European Society of Cardiology (ESC)
Association for Acute Cardiovascular Care (ACVC), International Society for
Heart and Lung Transplantation (ISHLT), Society of Critical Care Medicine
(SCCM), and Society of Thoracic Surgeons (STS) in December 2021. | Am Coll
Cardiol 2022;79:933-946. https://doi.org/10.1016/j.jacc.2022.01.018

van Diepen S, Hochman S, Stebbins A, Alviar CL, Alexander JH, Lopes RD.
Association between delays in mechanical ventilation initiation and mortality in
patients with refractory cardiogenic shock. JAMA Cardiol 2020;5:965—967. https:
//doi.org/10.1001/jamacardio.2020.1274

Liu H, Wu X, Zhao X, Zhu P, Han L. Intra-aortic balloon pump combined with
mechanical ventilation for treating patients aged > 60 years in cardiogenic shock:
Retrospective analysis. | Int Med Res 2016 Jun;44:433—443. https://doi.org/10
.1177/0300060515621443

Morici N, Marini C, Sacco A, Tavazzi G, Saia F, Palazzini M, et al. Intra-aortic
balloon pump for acute-on-chronic heart failure complicated by cardiogenic
shock. | Card Fail 2022;28:1202—-1216. https://doi.org/10.1016/j.cardfail.2021.11
.009

Rubini Giménez M, Miller PE, Alviar CL, van Diepen S, Granger CB, Mon-
talescot G, et al. Outcomes associated with respiratory failure for patients
with cardiogenic shock and acute myocardial infarction: A substudy of
the CULPRIT-SHOCK trial. | Clin Med 2020;9:860. https://doi.org/10.3390
/jem9030860

Alviar CL, Rico-Mesa ]S, Morrow DA, Thiele H, Miller PE, Maselli D), et al.
Positive pressure ventilation in cardiogenic shock: Review of the evidence and
practical advice for patients with mechanical circulatory support. Can | Cardiol
2020;36:300—312. https://doi.org/10.1016/j.cjca.2019.11.038

Sacco A, Pagnesi M, Frea S, Briani M, Dini CS, Bertaina M, et al. Transitioning
to palliative care in an Italian cardiac intensive care unit network. Am J Crit Care
2024;33:145-148. https://doi.org/10.4037/ajcc2024535

© 2024 The Author(s). European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.

85U801 7 SUOLULLOD A1) 3[cedl|dde auy Ag peusenob a1e sajoiie YO ‘SN JO Sa|nI o} Akeidi8UlJUQ AB]IAA UO (SUOIPUOO-PUR-SLUIB)W0 A8 1M Ale.ql U Uo//Sdiy) SUOHIPUOD pue SWs 1 841 88S " [7202/2T/90] uo AkeiqiTauliuo A8]im ‘0susly I 101(qig 1S BUSIS JO AISIBAIUN AQ 60VE"JUB/Z00T OT/I0PALIY A8 | 1M Afe.d 1 |Bul|Uo//ScIY WO. pepeojumoa ‘0 ‘v806.8T


https://doi.org/10.1016/j.jacc.2018.06.074
https://doi.org/10.1016/j.jacc.2018.06.074
https://doi.org/10.1097/MCC.0000000000000836
https://doi.org/10.1016/j.cardfail.2021.01.018
https://doi.org/10.1002/ejhf.1922
https://doi.org/10.1002/ejhf.1922
https://doi.org/10.1016/j.jacc.2022.04.049
https://doi.org/10.1161/CIRCHEARTFAILURE.124.011736
https://doi.org/10.1161/CIRCHEARTFAILURE.124.011736
https://doi.org/10.1002/ccd.28329
https://doi.org/10.1002/ccd.30484
https://doi.org/10.1002/ccd.30484
https://doi.org/10.1136/bmj.2.5402.177
https://doi.org/10.1136/bmj.2.5402.177
https://doi.org/10.1186/cc10584
https://doi.org/10.1186/cc10584
https://doi.org/10.1097/MCC.0000000000000626
https://doi.org/10.1097/MCC.0000000000000626
https://doi.org/10.1093/ehjacc/zuab078
https://doi.org/10.1093/ehjacc/zuab078
https://doi.org/10.1007/s00134-021-06459-2
https://doi.org/10.7326/0003-4819-151-8-200910200-00011
https://doi.org/10.7326/0003-4819-151-8-200910200-00011
https://doi.org/10.1001/jama.297.15.joc70035
https://doi.org/10.1001/jama.297.15.joc70035
https://doi.org/10.1186/s13613-019-0571-2
https://doi.org/10.1002/ejhf.2333
https://doi.org/10.1002/ejhf.2333
https://doi.org/10.1183/13993003.02426-2016
https://doi.org/10.1183/13993003.02426-2016
https://doi.org/10.1016/j.jacc.2022.01.018
https://doi.org/10.1001/jamacardio.2020.1274
https://doi.org/10.1001/jamacardio.2020.1274
https://doi.org/10.1177/0300060515621443
https://doi.org/10.1177/0300060515621443
https://doi.org/10.1016/j.cardfail.2021.11.009
https://doi.org/10.1016/j.cardfail.2021.11.009
https://doi.org/10.3390/jcm9030860
https://doi.org/10.3390/jcm9030860
https://doi.org/10.1016/j.cjca.2019.11.038
https://doi.org/10.4037/ajcc2024535

	Ventilation strategies in cardiogenic shock: Insights from the AltShock-2 registry
	Introduction
	Methods
	Study design
	Statistical analysis
	Results
	Mortality
	Discussion
	Conclusion
	Acknowledgements
	References

