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Background: In updated international guidelines, combined albumin resuscitation is
recommended for septic shock patients who receive large volumes of crystalloids, but
minimal data exist on albumin use and the optimal timing in those with cardiogenic shock
(CS). The objective of this study was to evaluate the relationship between resuscitation
with a combination of albumin within 24 h and 30-day mortality in CS patients.

Methods: We screened patients with CS from the Medical Information Mart for
Intensive Care IV (MIMIC-IV) database. Multivariable Cox proportional hazards models
and propensity score matching (PSM) were employed to explore associations between
combined albumin resuscitation within 24h and 30-day mortality in CS. Models
adjusted for CS considered potential confounders. E-value analysis suggested for
unmeasured confounding.

Results: We categorized 1,332 and 254 patients into crystalloid-only and early albumin
combination groups, respectively. Patients who received the albumin combination
had decreased 30-day and 60-day mortality (21.7 vs. 32.4% and 25.2 vs. 34.2%,
respectively, P <0.001), and the results were robust after PSM (21.3 vs. 44.7% and 24.9
vs. 47.0%, respectively, P < 0.001) and following E-value. Stratified analysis showed
that only > 60 years old patients benefited from administration early albumin. In the
early albumin combination group, the hazard ratios (HRs) of different adjusted covariates
remained significant (HRs of 0.45-0.64, P < 0.05). Subgroup analysis showed that
resuscitation with combination albumin was significantly associated with reduced 30-day
mortality in patients with maximum sequential organ failure assessment score>10,
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Albumin Improves Survival of CS

with acute myocardial infarction, without an Impella or intra-aortic balloon pump, and
with or without furosemide and mechanical ventilation (HRs of 0.49, 0.58, 0.65, 0.40,
0.65 and 0.48, respectively; P < 0.001).

Conclusion: This study found, compared with those given crystalloid-only, resuscitation
with combination albumin within 24 h is associated with lower 30-day mortality of CS
patients aged>60. The results should be conducted to further assess in randomized

controlled trials.

Keywords: cardiogenic shock, fluid therapy, albumins, mortality, early combination

INTRODUCTION

Cardiogenic shock (CS) is a clinical syndrome characterized
by significantly reduced cardiac output, whereby an extreme
decline in cardiac function may result in severe acute peripheral
circulatory failure (1). Despite significant advances in CS
therapy in recent years, namely, with the gradual application of
the intra-aortic balloon pump (IABP), percutaneous coronary
intervention (PCI), the Impella pump and extracorporeal
membrane oxygenation (ECMO), the clinical mortality of CS still
exceeds 40% (2).

Prompt and effective treatment is crucial for patients with
CS. Aetiological treatment, timely use of vasoactive drugs, and
mechanical assistance have been recognized and confirmed
by clinical studies (3, 4). In addition, intravenous infusion for
patients with CS is primarily based on pathophysiological
considerations. According to current guidelines, fluid
resuscitation should be considered as first-line treatment
unless there are clear signs of fluid overload (4). However, the
specific fluid type of resuscitation is not specified in the latest
guidelines. Furthermore, there is limited literature on the type of
fluid required for resuscitation in patients with CS.

Many previous studies have found no association with lower
mortality in the intensive care unit (ICU) among patients with
severe sepsis or septic shock receiving colloid therapy compared
with crystalloids (5, 6). Nevertheless, a recent retrospective study
using propensity score matching (PSM) to adjust confounding
and restricted mean survival time (RMST) analysis showed that
early combined use of albumin might improve the survival
rate of patients with sepsis (7), and the heterogeneity of septic
shock might be responsible for disparate findings. The updated
international guidelines suggest using albumin in adult patients
who receive large volumes of crystalloids for septic shock (8).
Albumin is the most abundant plasma protein and has many
biological functions, including binding to endo- and exogenous
substances (9), antithrombotic effects (10) and maintenance
of colloidal osmotic pressure (11). Based on different clinical
types of shock, the pathophysiological characteristics of patients
also differ, and it remains unclear whether combined albumin
resuscitation can improve the prognosis of CS patients.
Therefore, to evaluate the effectiveness of albumin for patients
with CS, we used the Medical Information Mart for Intensive
Care IV (MIMIC-IV) database to assess whether resuscitation
with combination albumin within 24h after CS onset was
associated with lower 30-day mortality.

MATERIALS AND METHODS

Study Design, Data Source and

Participants

We performed a retrospective cohort study using MIMIC-IV
version 1.0 (12) data (https://physionet.org/content/mimiciv/1.
0/), which are sourced from two inpatient database systems:
the customized hospital Electronic Medical Record System
(EHR) and the clinical information system of the intensive care
unit (ICU). MIMIC-IV contains 256,878 patients from 2008
to 2019 and includes demographic, vital sign, laboratory test,
and drug data, among others. The database is an upgraded
version of MIMIC-III with high-quality critical medical data.
Author ZOU (Certification number 35951237) has completed the
Collaborative Institutional Training Initiative examination and
can access the MIMIC-1V database.

The inclusion criteria were in accordance with ICD-9 (785.51
and 998.01) and ICD-10 (R57.0 and T81.11XA) diagnosis codes
and patients who were resuscitated within 24 h after CS onset.
The exclusion criteria were as follows: age <18 years old; data
from multiple intensive care unit (ICU) admission other than
the first admission; secondary diagnosis of liver disease, solid
tumor, or other cancer on admission(ICD-9 or ICD-10); ICU stay
<24h; albumin preceded crystalloid; combined albumin >24h;
no crystalloid given. For patients admitted to the ICU multiple
times, we only included data from the first admission.

Research Procedures and Definitions

We categorized patients into a crystalloid-only group and an
early combination group (crystalloid combined with albumin
in the first 24h); we extracted data using a structure query
language (SQL) with Navicat Premium tools (version 12.1.12).
The following data were recorded: age, sex, ethnicity, insurance,
weight, probable etiologies, history of diseases, Charlson
comorbidity index (CCI), vital signs on the first day, the first
day of maximum Sequential Organ Failure Assessment (SOFA)
score and Simplified Acute Physiology Score II (SAPS) score,
laboratory findings, central venous pressure (CVP), in-hospital
management and medication, stage of acute kidney injury (AKI)
(13) and fluid type during ICU stay. In-hospital management
included percutaneous coronary intervention (PCI), intra-aortic
balloon pump (IAPB), Impella pump, mechanical ventilation,
and renal replacement therapy (RRT). Probable etiologies
included acute myocardial infarction (AMI) (14) and acute
heart failure (AHF) (15). Dopamine, norepinephrine, and their
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Patients within the MIMIC-
IV database (N=256,878)

v

Patients diagnosed

‘ Inclusion criteria: * Diagnosed with CS using
ICD-9 diagnosis codes (785.51 and 998.01) and
ICD-10 diagnosis codes (R57.0 and T81.11XA)

with CS (N=2.551)

Patients who met the

Exclusion criteria (total N=965 ):

» Aged <18 years old (N=0)

+» Had multiple admissions other than the first admission (N=164)
* Had a secondary diagnosis of liver disease (N=66), solid tumor
» (N=73) and other cancer (N=126)on admission

« Stayed in the ICU less than 24 hours (N=245)

*Albumin preceded of crystalloids (N=0)

*Albumin combined > 24h (N=290)

swithout crystalloids (N=1)

inclusion/exclusion
criteria (N=1,586)

v S

Crystalloids alone (N=1,332)
(No albumin combined)

Albumin combination (N=254)
(combined at 0-24h)

FIGURE 1 | Flow chart of the study.

total usage time were collected as in-hospital medication data.
In this study, crystalloids included both normal saline and
lactated Ringer’s (LR) solution; albumin included 5% and 25%
human serum albumin (HSA). The main outcome was mortality
including 30-day mortality and 60-day mortality.

Statistical Analysis

Data are presented as the mean =+ standard deviation (mean
£ SD), median and interquartile interval (median, IQR), or
percentage (n%), as appropriate. Comparisons between the
crystalloid-only group and early combination group were
performed using Student’s t test, the Mann-Whitney test, and the
%2 test, as appropriate. Risk factors affecting clinical outcomes,
including etiology (AMI), in-hospital management (IABP or
IMPELLA) and medication (furosemide), and disease severity
(SOFA), were examined for an association with 30-day mortality
using a Cox proportional hazards model. An extended Cox model
was applied to adjust for covariates that might affect outcomes.
We also explored the potential for unmeasured confounding
between early resuscitation with albumin and 30-day mortality
by calculating E-values (16). The E-value quantifies the required
magnitude of an unmeasured confounder that might negate
the observed association between combined albumin and 30-
day mortality.

Propensity score matching (PSM) was selected to balance
confounding factors. Variables including age, sex, ethnic group,
insurance condition, weight, probable etiology, history of the
disease, CCI, vital signs on the first day, the first day of
maximum SOFA and SAPS scores, and in-hospital management
and medication were chosen to generate the PS based on clinical
significance and previous literature. We used a multivariable
logistic regression model. A one-to-one nearest neighbor
matching algorithm was applied using a caliper width of 0.2. After

PSM, we used the standardized mean difference (SMD) and P-
value to judge the balance of essential characteristics between
the groups. When the SMD of a variable is larger than 0.1, it
can be considered an imbalance between groups (17). Finally,
253 patients in each group were well matched, and their data
were extracted for further analyses.We also performed analysis of
interaction between age and early albumin administration with
a Cox proportional hazards model and performed PSM analysis
for CS patients with no albumin deficiency on dayl. Risk factors
for 30-day mortality were also evaluated, and the analysis was
conducted in the population after PSM. Survival analysis for
patients with and without albumin treatment was performed
using Kaplan-Meier (K-M) analysis and log-rank tests before
and after PSM.

Subgroup and interaction analyses were carried out to
determine whether albumin administration and 30-day mortality
differ across various subgroups classified by SOFA, AMI, IABP,
furosemide, and mechanical ventilation. Subgroup analysis also
used a Cox model adjusted for all variables included in patient
baseline information. Average values were used to replace the
missing values of some variables.Multiple imputations were used
for missing values under the assumption of missing at random
(18). Two-tailed P values <0.05 were considered to indicate
statistical significance. All statistical analyses were performed
using Stata 15.1 (StataCorp, College Station, TX, USA), Empower
(R; www.empowerstats.com; X&Y Solutions Inc.) and R 4.0.1
software for Windows.

RESULTS

Baseline Characteristics
Data for 2,551 patients with CS were evaluated, and 1,586 patients
were included in the study (Figure 1). For fluid resuscitation
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TABLE 1 | Baseline characteristics between the two groups before and after propensity score matching (PSM).

Propensity score matching

Before After
Variables Total population Crystalloids only Early P value Crystalloids only (n = Early P value SMD
(n = 1,586) (n =1,332) combination 253) combination
(n =254) (n=253)
Age (year), median (IQR) 72.2(61.9, 81.1) 72.3(61.9, 81.9) 71.4(61.8,78.2) 0.063 71.07 (59.47, 81.82) 71.51 (62.01, 0.65 0.030
78.18)
Male, n (%) 954 (60.2) 793 (59.5) 161 (63.4) 0.25 159 (62.8) 160 (63.2) 0.93 0.008
White, n (%) 1,023 (64.5) 851 (63.9) 172 (67.7) 0.24 166 (65.6) 171 (67.6) 0.64 0.042
Insurance, medicare, n (%) 851 (53.7) 715 (63.7) 136 (53.5) 0.97 131 (51.8) 136 (53.8) 0.66 0.040
Weight (kg), median (IQR) 79.9 (67.0, 93.7) 79.9 (66.7, 94.0) 80.0 (69.5, 91.1) 0.40 77.8 (63.4,93.0) 80.0 (69.5, 91.0) 0.13 0.086
Etiology, n (%)
AMI 781 (49.2) 689 (51.7) 92 (36.2) <0.001 92 (36.4) 92 (36.4) 1.00 <0.001
AHF 997 (62.9) 899 (67.5) 98 (38.6) <0.001 94 (37.2) 98 (38.7 0.71 0.033
History of disease, n (%)
Hypertension 1,232 (77.7) 1,016 (76.3) 216 (85.0) 0.002 208 (82.2) 215 (85.0) 0.40 0.075
Diabetes 642 (40.5) 544 (40.8) 98 (38.6) 0.50 92 (36.4) 98 (38.7) 0.58 0.049
Chronic pulmonary disease 510 (32.2) 432 (32.4) 78 (30.7) 0.59 85 (33.6) 78 (30.8) 0.51 0.059
CKD 655 (41.3) 566 (42.5) 89 (35.0) 0.027 95 (37.5) 89 (35.2) 0.58 0.049
Stroke 193 (12.2) 152 (11.4) 41 (16.1) 0.035 42 (16.6) 40 (15.8) 0.81 0.021
Vital signs at 1st day, median (IQR)
Minimum SBP (mmHg) 81.0(72.0, 88.0) 81.0(72.0, 89.0) 80.0(70.0, 85.5) 0.004 79.0 (70.0, 86.0) 80.0 (70.0, 85.0) 0.62 0.024
Minimum DBP (mmHg) 43.0 (36.0, 50.0) 43.0 (36.0, 50.0) 42.0 (36.0, 48.0) 0.12 43.0 (34.0, 49.0) 42.0 (36.0, 48.0) 0.81 0.094
Scoring system, mean (SD)
CCl 6.9 (2.5 6.9 (2.5 6.5(2.4) 0.009 6.40 (2.64) 6.50 (2.39) 0.66 0.039
Maximum SOFA at 1st day 8.6 (4.1) 8.2 (4.1) 10.4 (3.5) <0.001 10.6 (4.0) 10.4 (3.4) 0.52 0.057
Maximum SAPS Il at 1st day 45.2 (14.9) 44.7 (15.3) 47.5(12.7) 0.006 48.6 (16.5) 47.5(12.8) 0.41 0.073
Laboratory findings
Minimum albumin at 1st day (g/dl), mean (SD) 3.1(0.6) 3.3(0.6) 2.7 (0.8 <0.001 2.97 (0.57) 2.71(0.78) 0.011 NA
Maximum CVP at 1st day (mmHg), median (IQR) 22.0(20.0, 29.0) 21.0(20.0, 30.0) 23.0(20.0, 27.0) 0.016 21.0(20.0, 28.0) 23.0(20.0, 27.0) 0.12 NA
In-hospital management, n (%)
PCI 399 (25.2) 353 (26.5) 46 (18.1) 0.005 44 (17.4) 46 (18.2) 0.82 0.021
IABP 93 (5.9 84 (6.3) 9 (3.5 0.086 11 (4.9 9(3.6) 0.65 0.041
IMPELLA 71(4.5) 58 (4.4) 13 (5.1) 0.59 12 (4.7) 13 (5.1) 0.84 0.018
In-hospital medication
Furosemide at 1st day, n (%) 802 (50.6) 723 (54.3) 79 (31.1) <0.001 72 (28.5) 79 (31.2) 0.50 0.060
Dopamine at 15t day, n (%) 316 (19.9) 303 (22.7) 13 (5.1) <0.001 12 (4.7) 13 (5.1) 0.84 0.018
Duration of dopamine (h), median (IQR) 19.0 (4.0, 50.0) 19.0 (5.0, 50.0) 13.0 (3.5, 49.0) 0.66 19.0(7.0, 34.0) 13.0 (3.5, 49.0) 0.81 NA
Norepinephrine at 1st day, n (%) 841 (53.0) 658 (49.4) 183 (72.0) <0.001 187 (73.9) 182 (71.9) 0.62 0.044
Duration of norepinephrine (h), median (IQR) 38.5 (16.0, 76.0) 37.0 (14.0, 74.0) 46.0 (22.0, 95.0) 0.004 45.0 (18.0, 77.0) 45.5 (22.0, 93.0) 0.26 NA

IQR, interquartile range; AMI, acute myocardial infarction; AHF, acute heart failure; CKD, chronic kidney disease; SBFR, systolic blood pressure; DBF, diastolic blood pressure; CCI, charlson comorbidity index; SOFA, sequential organ
failure assessment; SAPS I, Simplified acute physiology score Il; CVR, central venous pressure; PCl, percutaneous coronary intervention; IABF, intra-aortic balloon pump; NA, not applicable.
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TABLE 2 | Association between early alboumin combination and outcomes in cardiogenic shock patients before and after PSM.

Clinical outcomes

Crystalloids only

Early
combination

Pre-matched cohort

Crystalloids only

Early
combination

Post-matched cohort

n=1,332 n =254 ARR (95%Cl) P-Value n =253 n =253 ARR (95%Cl) P-Value
Minimum albumin at 2nd day (g/dl), 3.0(0.5 3.0 (0.6) NA 0.35 2.8 (0.5 3.0(0.6) NA 0.019
mean (SD)
Maximum CVP at 2nd day (mmHg), 20.0(19.0, 26.0) 24.0 (20.0, 29.0) NA <0.001 20.0 (18.0, 25.0) 24.0(20.0, 29.5) NA <0.001
median (IQR)
Urine output (ml/1st 24 h), median 1,668.5 (775.0, 1,280.0 (704.5, NA 0.001 1,107.0 (400.0, 1,285.0 (710.0, NA 0.18
(IQR) 2,830.0) 2,025.0) 2,320.0) 2,040.0)
Volume of crystalloid (ml/1st 24 h), 2,050.0 (843.9, 4,409.2 (2,621.7, NA <0.001 3,626.6 (1,790.0, 4,458.5 (2,621.7, NA <0.001
median (IQR) 4,011.7) 6,682.5) 5,643.1) 6,682.5)
ICU LOS (days), mean (SD) 5.92 (5.34) 10.61 (11.34) NA <0.001 5.96 (5.31) 10.61 (11.36) NA <0.001
Hospital LOS (days), mean (SD) 11.5(9.4) 17.7 (17.4) NA <0.001 10.05 (8.52) 17.72 (17.42) NA <0.001
AKI, n (%) 910 (68.9) 196 (77.2) 8.85(3.11, 14.58) 0.005 177 (70.0) 195 (77.1) 7.11(0.55, 14.78) 0.070
AKl stage 3, n (%) 247 (18.5) 51 (20.1) 1.54(3.82, 6.89) 0.57 54 (21.9) 51(20.2) 1.19(-5.88, 8.25) 0.74
RRT at 1st day, n (%) 85 (6.4) 12 (4.7) 1.66 (—1.26, 4.58) 0.31 26 (10.3) 11(4.9) 5.93(1.42, 10.44) 0.010
Mechanical ventilation at 1st day, n 761 (57.1) 243 (95.7) —38.54 (—42.19, —34.89) <0.001 166 (65.6) 228 (90.1) —24.51 (-31.42, —17.59) <0.001
(%)
30-day mortality, n (%) 431 (32.4) 55 (21.7) 10.70 (5.05, 16.36) <0.001 113 (44.7) 54 (21.3) 23.32(15.38, 31.26) <0.001
60-day mortality, n (%) 455 (34.2) 64 (25.2) 8.96 (3.05, 14.88) 0.005 119 (47.0) 63 (24.9) 22,13 (14.0, 30.27) <0.001

ARR, absolute risk reduction; CI, Confidence interval; CVF, central venous pressure; ICU, intensive care unit; LOS, length of stay; AKI, acute kidney injury; RRT, renal replacement therapy; NA, not applicable.
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TABLE 3 | Analysis of interaction between age and early albumin administration.

N Crude HR (95% Cl) P-Value Adjusted HR* (95% CI) P-Value
Crystalloids only
AgeT <50 126 1 (reference) 1 (reference)
50 < Age < 60 155 1.10(0.65, 1.85) 0.734 1.04 (0.61, 1.79) 0.873
60 < Age <70 303 1.39(0.88, 2.19) 0.160 0.95 (0.58, 1.56) 0.850
70 < Age <80 356 2.18 (1.41,3.37) <0.001 1.24 (0.76, 2.05) 0.391
80 < Age 392 2.37 (1.54, 3.64) <0.001 1.24 (0.75, 2.04) 0.397
Early combination
Age < 50 16 2.32(0.95, 5.68) 0.065 1.61 (0.65, 3.96) 0.301
50 < Age < 60 39 0.41(0.13, 1.34) 0.140 0.36 (0.11,1.17) 0.090
60 < Age < 70 57 0.36 (0.12, 1.04) 0.060 0.33(0.11,0.97) 0.044
70 < Age < 80 91 0.22 (0.08, 0.61) 0.004 0.22 (0.08, 0.62) 0.004
80 < Age 51 0.14 (0.04, 0.43) 0.001 0.12 (0.04, 0.40) <0.001

“The analysis of interaction effects used a Cox model adjusted for all variables included in patient baseline information.

T Stratification and interaction effects were performed for age.

in the first 24h, 1,332 patients were given crystalloid only,
whereas 254 patients were treated with crystalloid combined
with albumin. The missing values of variables were shown in
Supplementary Table 1.

In total, 1,586 patients with CS were included in this study
(Table 1). The median (IQR) age was 72.2 (61.9, 81.1) years,
60.2% were male, 64.5% were white, and 49.2% had AMI. The
crystalloid-only group had significantly higher AMI (51.7 vs.
36.2% P < 0.001), AHE PCI, furosemide, dopamine, urine
output, minimum SBP, and albumin (3.3 vs. 2.7g/dl, P < 0.001)
on the first day than that in the early combination group.
Compared to the crystalloid-only group, patients with higher
SAPS II and SOFA scores were likelier to be given combined
albumin in the first 24 h.

Outcomes

In PSM, 253 pairs of patients were matched by a 1:1 matching
algorithm (Table 1 and Supplementary Figure 1). There was no
significant difference between the two groups after PSM, and all
SMDs were <0.01.

Patients who received the albumin combination had decreased
30-day mortality and 60-day mortality (21.7 vs. 32.4% and 25.2
vs. 34.2%, respectively, P < 0.001), and the results were robust
after PSM (21.3 vs. 44.7% and 24.9 vs. 47.0%, respectively, P <
0.001; Table 2). The length of stay in ICU (10.61 vs. 5.96 days;
P < 0.001) and hospital (10.61 vs. 5.96 days; P < 0.001) were
significantly longer in the early combination group than in the
crystalloids group. In the combination group, the percentage of
received mechanical ventilation (95.7 vs. 57.1% P < 0.001) was
significantly higher than in the crystalloids group. Compared
with Age <50 years in the crystalloid-only group, the results
showed that only>60 years old patients benefited from early
albumin administration (Table 3). In extended multivariable Cox
models, we found that the hazard ratio (HR) for different adjusted
covariates was continuously significant in the early combination
group (HR range 0.45-0.64, P < 0.05 for six models; Table 4).
In Risk factors analysis showed early combination treatment

TABLE 4 | Association between early albumin use and 30-day mortality using an
extended model approach.

Hazard ratio 95% confidence interval P-Value
Model 1 0.62 0.46-0.82 0.001
Model 2 0.62 0.47-0.83 0.001
Model 3 0.64 0.48-0.86 0.003
Model 4 0.54 0.39-0.72 <0.001
Model 5 0.47 0.35-0.64 <0.001
Model 6 0.45 0.33-0.62 <0.001

Adjusted covariates: Model 1 = early albumin use. Model 2 = Model 1 + (History of
disease including hypertension, diabetes, chronic pulmonary disease, CKD and stroke).
Model 3 = Model 2 + (age gender ethnicity insurance weight). Model 4 = Model 3
+ (probable etiology including AMI and AHF). Model 5 = Model 4 + (Scoring system
including CCl, SOFA and SAPS ll). Model 6 = Model 5 + (In-hospital management and
medication including PCI, IABR, IMPELLA and Furosemide at 1st day).

remained a protective factor for 30-day mortality after PSM
(HR 0.390, 95% CI 0.282-0.539; Supplementary Table 2). The
primary findings were robust unless an unmeasured confounder
existed regarding a lower relative risk of 30-day mortality, with
an HR higher than 3.22 with E-value (Supplementary Text,
Sensitivity Analysis Section)

As the albumin values for 59.33% (941/1,586) patients on
the first day are not available, in which 70.9% (180/254) in the
early albumin combination group and 57.1% (761/1,332) in the
crystalloid-only group. To reduce selective bias, we compared
the relationships between early albumin administration and
30-day mortality in patients with no albumin deficiency on
the dayl, the results showed that there was no statistical
significance on minimum albumin levels on 1st day ( 2.8
vs. 2.5 g/dl, P = 0.072) between survivors and non-survivors
in early albumin combination group (Supplementary Table 3).
However, in CS patients aged >60 years with no albumin
deficiency on dayl, compared with the crystalloid-only group, we
found early albumin combination was associated with reduced
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Subgroups Crude HR(95% CI) subgroups Adjusted HR(95% Cl) P value for interaction
AMI AMI 0.450
YES(n=624) —_— 0.56(0.34,0.92) YES(n=473) —_— 0.58(0.35,0.96)

NO(n=961) —— 0.67(0.48,0.95) NO(n=695) —— 0.73(0.51,1.04)

Scoring system Scoring system 0.573
Maximum SOFA210(n=643) - = 0.42(0.30,0.59)  Maximum SOFA210(n=524) - — 0.49(0.35,0.70)

Maximum SOFA<10(n=942) —a— 0.66(0.39,1.11)  Maximum SOFA<10(n=644) —— 0.65(0.37,1.13)

Furosemide at 1st day Furosemide at 1st day 0.207
YES(n=802) —— 0.41(0.22,0.78)  YES(n=600) —— 0.40(0.21,0.77)

NO(n=783) —— 0.61(0.45,0.84) NO(n=568) —— 0.65(0.46,0.91)

IMPELLA OR IABP IMPELLA OR IABP 0.686
YES(n=150) ——8———————  0.86(0.39,1.88)  YES(n=134) —. 0.76(0.32,1.80)

NO(n=1435) —-— 0.60(0.44,0.81)  NO(n=1034) —— 0.65(0.48,0.88)

Mechanical ventilation Mechanical ventilation 0.488
YES(n=240) —— 055(0.33,0.92)  YES(n=216) —.— 0.48(0.28,0.82)

NO(n=1345) —— 0.60(0.43,0.85) NO(n=952) —— 0.64(0.45,0.91)

—T T
(———
1

0 05 15
0 0s 1 15

<—Favours Albumin use-— L Unfavours Albumin use-->
<---Favours Albumin use-—- - Unfavours Albumin use-->

FIGURE 2 | Subgroup analysis of the association between 30-day mortality and early albumin use. The association between early combination treatment and
mortality remained significant in other subgroups such as maximum SOFA >10, without IMPELLA or IABP, and with or without furosemide and mechanical ventilation.
Nonetheless, the association was not significant in IMPELLA or IABP and maximum SOFA <10 subgroups. Patients with AMI (HR = 0.58) showed a 42% reduction in
30-day mortality risk in the early albumin group than the crystal-only group. Patients without AMI (HR = 0.73) showed that the risk of death at 30 days was 27% lower
in the early albumin group than in the crystal-only group. In the last column, P for interaction was 0.450, indicating that there was no significant difference in the
relationship between albumin treatment and death between patients with and without AMI. That is to say, the previous differences of 0.58 and 0.73 in HR were not

significant, and the relationship between albumin treatment and death at 30 days could not be considered to be different in patients with and without AMI. Other
parameters like scoring system, IMPELLA or IABP, furosemide, and mechanical ventilation are interpreted similarly to AMI.

30-day mortality (54 vs. 33%, P = 0.035) and 60-day mortality
(57 vs. 35%, P = 0.036; Supplementary Table 4).

Subgroup analysis was performed for AMI, maximum
SOFA, IMPELLA or IABP, furosemide, and mechanical
ventilation (Figure2). Early combination treatment was
significantly associated with reduced 30-day mortality in
the AMI subgroup (adjusted HR 0.58, 95% CI 0.35-0.96)
but not in the non-AMI subgroup. The association between
early combination treatment and 30-day mortality remained
significant in other subgroups such as maximum SOFA >10,
without IMPELLA or IABP, and with or without furosemide
and mechanical ventilation. Nonetheless, the association was
not significant in IMPELLA or IABP and maximum SOFA
<10 subgroups. Moreover, K-M curves showed a significant
difference between the two groups before and after PSM (P <
0.001; Figures 3A,B). Smooth curve fitting showed that protein
levels at 24 and 48h after admission correlated with 30-day
mortality, with higher mortality with lower albumin levels
(Supplementary Figures 2, 3).

DISCUSSION

This study demonstrates that in CS, resuscitation with
combination albumin within 24 h is associated with decreased
30-day and 60-day mortality (21.7 vs. 32.4% and 25.2 vs.
34.2%, respectively), prolonging the length of stay in the
ICU (10.61 vs. 5.96 days) and increasing the incidence of
mechanical ventilation (90.1 vs. 65.6%,). Additionally, this
result is stable in PSM analysis after adjusting for covariates.
Results for subgroups of maximum SOFA >10, with AMI,
without IMPELLA or IABP, and with or without furosemide and

mechanical ventilation were robust. However, the association
is not significant in maximum SOFA <10, IMPELLA or
IABP, and non-AMI subgroups. Our results suggest that early
albumin combination therapy has a viable beneficial effect
in patients aged >60 years with CS, which has not been
previously reported.

There is still great controversy about the use of albumin for
resuscitation in shock. Hill et al. (19) and Martin et al. (20) found
that albumin administration increased the risk of pulmonary
edema. Compared with crystalloids, most studies have shown
that albumin has no effect on the outcome in critically ill
patients (5, 21) and has no effect on pulmonary edema (22), and
many studies have been carried out to further investigate the
therapeutic effect of albumin. Indeed, comparisons of albumin
and crystals have been studied in critically ill patients (23), sepsis
(7), septic shock (24), non-cardiac surgery (21), hemorrhagic
shock (25), and stroke (20). Nevertheless, some studies have
shown that albumin can help to improve outcomes (24) and
reduce multiple organ failure (26). In critically ill patients
who need large-volume resuscitation (>60 ml/kg within 24 h),
5% albumin was associated with reduced mortality and major
adverse kidney events at 30, 90, and 365 days (27). Therefore, due
to the heterogeneity of shock patients, albumin use in appropriate
patients may improve outcomes.

Based on its pathophysiological characteristics, clinical
shock can be divided into distributed shock, hypovolemic
shock, obstructive shock, and cardiogenic shock. The latest
sepsis guidelines recommend the use of albumin for patients
undergoing massive crystalloid resuscitation, but there is no
recommendation for CS. The causes of CS may be insufficient
effective circulation due to coronary artery stenosis, myocarditis,
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FIGURE 3 | Kaplan-Meier survival curve of two groups before (A) and after (B) PSM.

dystonia or dysfunction of the conduction bundle and peripheral
blood vessels. Proper fluid resuscitation is an important approach
for correcting insufficient circulation, but due to the high
osmotic pressure of albumin, there may be subsequent fluid
overload and pulmonary edema. Thus, rapid albumin infusion
has become a relative contraindication of CS in primary
health care without sufficient ability to monitor pulmonary
oedema. Most guidelines, including in Europe (4, 15), the
United States (1, 2), and France (28), indicate that in the
absence of pulmonary edema, hypovolemic CS patients require

resuscitation therapy, but most guidelines do not make specific
recommendations with regard to the type of fluid. The 2016
ESC guidelines (15) recommend the use of normal saline or
sodium lactate Ringer’s solution(>200 ml/15-30 min), but do
not list evidence. Tewelde et al. (1) pointed out that crystal
fluid for rescue treatment is recommended, similar to septic
shock. However, there are significant differences in etiology and
pathology between the two types of shock, and it is necessary to
determine whether albumin can be used for fluid resuscitation
of CS.
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The main indication of albumin is hypoproteinaemia
(albumin level below 3.0 g/dl). Hypoproteinaemia has been
shown to be closely related not only to the mortality of patients
with trauma (29) and other severe cases (30) but also to acute
myocardial infarction (31) and acute or chronic heart failure
(32). Hypoproteinaemia is also an independent risk factor for
poor prognosis in CS (33, 34). In our study, we analyzed the
effect of albumin infusion on the prognosis of patients with
different albumin levels in two groups and found that levels at
24 and 48h after admission correlated with 30-day mortality
and that the level was lower and mortality higher, especially at
24h. In the study, the SOFA score on the first day was high,
the albumin level low, the central venous pressure (CVP) high,
and the 30-day mortality low in the combined albumin group.
After combined albumin resuscitation, the CVP was still high,
but there was no significant difference in plasma albumin level
between the two groups; even after PSM, the minimum albumin
level on the second day was higher in the early combination
group than in the crystalloid alone group. Moreover, 30-day
mortality was significantly lower than that in the crystal fluid
resuscitation-only group. Therefore, we used the E-value to
assess whether unmeasured protective factors influence existing
outcomes, indicating that early combined albumin resuscitation
can reduce the 30-day mortality of CS patients.

This study has several limitations. First, we failed to
extract hypovolemic status and pulmonary oedema upon ICU
admission. Although we sought to adjust confounding factors
and minimize potential bias, the disadvantages of a retrospective
study cannot be avoided. A rigorously designed randomized
controlled study may be the only way to resolve the imbalance
between the groups. Second, we deduced that the use of albumin
might decrease mortality in this specific cohort. However, the
adverse effects of albumin, such as aggravating pulmonary
edema, should also be considered. Overall, the findings should
be interpreted with caution, especially for patients with no
shortage of volume or volume overload. Third, the missing
albumin level and CVP value data were larger than 40% and we
did not perform multiple imputations. However, the association
between early albumin combination and 30-day mortality was
further confirmed by PSM analysis in CS patients aged>60
with no albumin deficiency on day 1. Finally, although PSM
may minimize possible confounders, it also significantly reduced
the sample size of our study population, compared with the
original data, the distribution of the matched dataset was smaller.
Therefore, the results should be interpreted with caution. Further
prospective research is needed to verify our findings.

CONCLUSIONS

Early resuscitation with combination albumin is associated
with lower 30-day mortality in patients with CS aged >60,
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