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Background: Hemodynamic management is of paramount importance in patients with septic shock. 
Echocardiography has been increasingly used in assessing volume status and cardiac function. However, 
whether the utilization of echocardiography has an impact on prognosis is unknown. Thus, we intended to 
explore its effect on the outcomes of patients with septic shock.
Methods: The study was based on the Medical Information Mart for Intensive Care (MIMIC) III database. 
Septic shock patients were divided into two groups according to the usage of echocardiography during the 
onset of septic shock. The primary outcome was 28-day mortality. Secondary outcomes included the usage 
of inotropes, ventilation-free and norepinephrine-free time, and fluids input. Propensity-score matching was 
used to reduce the imbalance.
Results: Among 3,291 eligible patients, 1,289 patients who underwent echocardiography (Echo), and 1,289 
who did not receive the Echo, had similar propensity scores and were included in the analyses. After matching, 
the Echo group had a significantly lower 28-day mortality (33.2% vs. 37.7%, P=0.019). More patients in 
the Echo group received pulmonary artery catheter (PAC) (4.2% vs. 0.2%, P<0.001) and inotropes (17.8% 
vs. 7.1%, P<0.001). In the survival analysis, Echo utilization was associated with improved 28-day mortality 
[hazard ratio (HR): 0.83; 95% confidence interval (CI), 0.73–0.95, P=0.005]. A reduced likelihood of 28-day  
mortality in patients with Echo vs. those without Echo was maintained either when excluding patients 
receiving multiple echocardiography scans (HR, 0.82; 95% CI, 0.72–0.94; P=0.004) or when excluding 
patients undergoing PAC or pulse index continuous cardiac output (PiCCO) (HR, 0.87; 95% CI, 0.76–0.99; 
P=0.034).
Conclusions: Utilization of echocardiography was associated with improved 28-day outcomes in patients 
with septic shock.
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Introduction

Septic shock is one of the leading causes of death in critically 
ill patients, with mortality rates of approximately 40–50% 
(1-3). It is generally acknowledged that hemodynamic 
management is of paramount importance in patients with 
septic shock so as to guarantee organ perfusion and facilitate 
further titrate therapies (4). Although there are some ways to 
assess volume status and cardiac function in septic shock, few 
have been confirmed to actually improve patients’ outcomes. 
Moreover, the commonly clinically used central venous 
pressure (CVP) has been shown to be poorly correlated 
with volume status or fluid responsiveness (5). Pulse index 
continuous cardiac output (PiCCO) and pulmonary artery 
catheter (PAC) are two invasive monitors that evaluate 
both preload and myocardial contractibility and help to 
guide therapy adjustment. However, PiCCO-based fluid 
management does not improve outcomes when compared 
to CVP-based fluid management (6). Likewise, PAC has 
been used less and less, as there has been no benefit from its 
use (7), and it has even been associated with an increase in 
mortality (8).

Echocardiography, a minimally invasive and repeatable 
hemodynamic monitoring tool, has become increasingly 
essential in the management of septic shock because it can 
not only help differentiate the causes of shock, but it can 
also provide real-time information of volume status and 
cardiac function (3,7,9). It is the best bedside method to 
repeatedly assess cardiac function, and relevant guidelines 
have now recommended it as the first-line evaluation 
modality (3,10). In a recent study, use of transthoracic 
echocardiography was found to be associated with an 
improved outcome in sepsis patients (11). Therefore, given 
the advantages of echocardiography in the management 
of shock, the likelihood that the outcomes would be 
improved for patients with septic shock when managed 
with echocardiography is an idea with the intuitive appeal, 
yet few empirical data is available regarding this. Thus, 
we hypothesized that echocardiography utilization during 
septic shock might decrease 28-day mortality for patients 
with septic shock because it may expedite hemodynamic 
stabilization.

Methods

Data source

This was a retrospective study based on a publicly available 
Medical Information Mart for Intensive Care (MIMIC) 

III (version 1.4) ICU database (12,13). It is a large, single-
center database compromising the information of 46,520 
critically ill patients admitted to the Beth Israel Deaconess 
Medical Center (Boston, Massachusetts) from 2001 to 
2012 (13). Access to the database for research was approved 
by the Institutional Review Boards of the Massachusetts 
Institute of Technology (Cambridge, MA, USA) and the 
Beth Israel Deaconess Medical Center after completion 
of the NIH web-based course named “Protecting Human 
Research Participants”. Given that all patients were de-
identified, informed consent was waived by the ethical 
committee of the Beth Israel Deaconess Medical Center. 
Data were extracted by structured query language with 
pgAdmin4 PostgreSQL 9.6.

Study population and definitions

According to Angus criteria (14), all sepsis patients 
supported with norepinephrine within 24 hours after 
ICU admission were enrolled as septic shock patients 
in this retrospective study. For patients readmitted to 
the ICU, only the first ICU admissions were included. 
As echocardiography may also be used for the routine 
evaluation of ICU admissions rather than focusing on 
volume and cardiac performance assessment in patients 
with septic shock, we enrolled only those who underwent 
an echocardiography 24 hours within the onset of septic 
shock. Enrolled septic shock patients were divided into two 
groups according to the usage of echocardiography during 
the onset of septic shock; i.e., with echocardiography (Echo) 
and without Echo groups (Figure 1).

Patients’ baseline characteristics, Sequential Organ Failure 
Assessment (SOFA) scores, Simplified Acute Physiology 
Score (SAPS) II, and Elixhauser comorbidity score was 
calculated as described in previous studies (5,15,16). The 
primary endpoint was 28-day mortality. The secondary 
endpoints included PAC and PiCCO administration, 
transfusion, usage of inotropes, norepinephrine-free, and 
ventilation-free days within 28 days after enrollment, and 
fluid input within 72 hours of septic shock occurrence.

Statistical analysis

Continuous variables were presented as medians with 
interquartile range (IQR), and categorical variables were 
presented by number and percentage. Continuous data 
were compared by the Mann-Whitney test, and categorical 
data were compared by chi-square or Fisher’s exact test as 
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appropriate. The distribution of the missing data was shown 
in Table S1.

To reduce the imbalance between the Echo and 
without Echo groups, propensity score analysis (PSA) was 
performed. Baseline characteristics including age, gender, 
weight, admission type (including elective, emergency, and 
urgent), positive blood culture, SOFA scores for each organ 
(i.e., respiration, renal, cardiovascular, liver, coagulation, 
and central nervous system), CVP, positive blood culture, 
metastatic cancer, complicated diabetes, hypertension, renal 
failure, congestive heart failure, mechanical ventilation, and 
ICU length of stay (LOS) were involved in the PSA. After 
matching, survival analysis was performed to determine 
whether the usage of echocardiography affected 28-day 
mortality. The effect of echocardiography was expressed 
by hazard ratio (HR) with 95% confidence interval (CI). 
Kaplan-Meier curves were depicted and compared by log-
rank test. Two sensitivity analyses were performed: (I) to 
determine if only one echocardiography scan, as opposed 
to its sequential use, can independently influence the 
outcomes by selecting patients who underwent a single 
echocardiography scan within 24 hours of septic shock 
occurrence, and (II) to exclude the confounding effect of 

PiCCO and PAC by excluding those patients receiving 
either PiCCO or PAC.

All analyses were performed using R, version 3.3.3 for 
Windows (http://www.r-project.org/); a P value less than 
0.05 was considered statistically significant.

Results

Patient characteristics

Patients who did not meet the Angus criteria, repeatedly 
admitted to ICU, or did not receive norepinephrine 
therapy were excluded. A total of 3,291 septic shock 
patients were included in the study, with 1,291 (39.2%) 
receiving echocardiography within 24 hours of septic shock 
occurrence (Figure 1). Before propensity-score matching, 
gender, weight, admission type, SAPS II, SOFA score, 
congestive heart failure, metastatic cancer, CVP, positive 
rate of blood culture, and the proportion of mechanical 
ventilation usage were different between the two groups 
(Table 1). With the use of propensity-score matching 
(1:1 matching ratio), 1,289 patients who underwent 
echocardiography were matched with 1,289 patients who 
did not receive echocardiography. After matching, the 
imbalance between the Echo and without Echo groups 
was significantly reduced (Figure S1), and all the baseline 
variables were comparable between the two groups (Table 1).

Outcome comparisons

After matching, the Echo group had a significantly lower 
28-day mortality (33.2% vs. 37.7%, P=0.019), and more 
patients in the Echo group received PAC (4.2% vs. 0.2%, 
P<0.001) and inotropes (17.8% vs. 7.1%, P<0.001, Table 2).  
However, there were no differences on the use of 
PiCCO and transfusion between the two groups. Those 
who received echocardiography had marginally longer 
norepinephrine durations while no difference was observed 
with mechanical ventilation durations. There was a trend 
that the patients in the Echo group received more fluid 
resuscitation, although it was not statistically significant 
(Table 2).

Primary analysis

To determine whether echocardiography was associated 
with the prognosis of septic shock patients, survival analysis 
was performed. As shown in Figure 2, echocardiography was 

Figure 1 Flow chart: the inclusion of the study population.

2,000 not receiving 
echocardiography 
24 hours within the 
occurrence of septic 
shock

1,291 receiving 
echocardiography 
24 hours within the 
occurrence of septic 
shock

62,699 ICU admissions

17,461 CU admissions with 
sepsis

15,113 first ICU admissions 
for each hospital admission

3,291 septic shock patients

Exclude 45,238 non-
sepsis admissions 
according to angus 
criteria

Exclude ,348 repeat 
ICU admissions

Exclude 11,822 patients 
without norepinephrine 
administration

http://www.r-project.org/
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Table 1 Baseline characteristics before and after propensity-score matching

Characteristic

Before matching After matching

Without echo 
(n=2,000)

With echo  
(n=1,291)

P value
Without echo 

(n=1,289)
With echo  
(n=1,289)

P value

Age (>60 years, n, %) 1,390 (69.5) 894 (69.2) 0.909 897 (69.6) 892 (69.2) 0.864

Gender (male, n, %) 1,044 (52.2) 734 (56.9) 0.010 723 (56.1) 732 (56.8) 0.751

Weight (kg) 78.0 [65.4–90.2] 79.9 [67.1–96.0] <0.001 78.0 [67.7–95.0] 79.8 [67.1–96.0] 0.627

Admission type (n, %) <0.001 0.052

Elective 58 (2.9) 87 (6.7) 57 (4.4) 85 (6.6)

Emergency 1,896 (94.8) 1,174 (90.9) 1,199 (93.0) 1,174 (91.1)

Urgent 46 (2.3) 30 (2.3) 33 (2.6) 30 (2.3)

Elixhauser comorbidity score 10 [5–15] 10 [5–15] 0.480 10 [5–15] 10 [5–15] 0.759

SAPS II 52 [41–64] 55 [45–65] <0.001 54 [43–66] 55 [45–65] 0.976

SOFA score 8 [6–11] 9 [7–11] <0.001 9 [7–12] 9 [7–11] 0.515

SOFA score for each organ

Cardiovascular 4 [3–4] 4 [4–4] <0.001 4 [4–4] 4 [4–4] 0.665

Respiration 0 [0–3] 3 [0–3] <0.001 2 [0–3] 3 [0–3] 0.509

Liver 0 [0–1] 0 [0–1] 0.931 0 [0–1] 0 [0–1] 0.510

CNS 0 [0–1] 0 [0–1] 0.023 0 [0–1] 0 [0–1] 0.772

Renal 1 [0–3] 2 [1–3] 0.088 2 [0–3] 2 [1–3] 0.844

Coagulation 0 [0–1] 0 [0–1] 0.475 0 [0–1] 0 [0–1] 0.912

Comorbidities (n, %)

Hypertension 335 (16.8) 238 (18.4) 0.231 233 (18.1) 238 (18.5) 0.838

Complicated diabetes mellitus 162 (8.1) 112 (8.7) 0.604 109 (8.5) 112 (8.7) 0.888

Congestive heart failure 611 (30.6) 461 (35.7) 0.002 450 (34.9) 459 (35.6) 0.742

Chronic pulmonary disease 444 (22.2) 287 (22.2) >0.999 306 (23.7) 287 (22.3) 0.400

Metastatic cancer 142 (7.1) 59 (4.6) 0.004 60 (4.7) 59 (4.6) >0.999

24 h physiological variables on ICU admission

Mean heart rate (/min) 90.7 [78.8–104.0] 91.2 [80.3–105.0] 0.165 91.6 [78.8–105.0] 91.2 [80.3–105.0] 0.689

Mean respiratory rate (/min) 20.4 [17.6–23.6] 20.7 [17.7–24.0] 0.108 20.5 [17.6–23.6] 20.7 [17.7–24.0] 0.249

CVP (mmHg) 12 [8–16] 13 [9–17] <0.001 13 [9–16] 13 [9–17] 0.244

Systolic blood pressure (mmHg) 105.0 [98.9–112.0] 104.0 [98.4–111.0] 0.016 105.0 [99.0–112.0] 104.0 [98.4–111.0] 0.022

Diastolic blood pressure (mmHg) 55.2 [49.8–61.0] 55.6 [50.3–61.3] 0.439 55.2 [50.2–61.0] 55.6 [50.3–61.3] 0.813

Lowest MAP (mmHg) 50.0 [42.3–56.0] 49.3 [41.0–56.0] 0.125 49.7 [42.0–56.0] 49.3 [41.0–56.0] 0.362

Highest blood urea nitrogen (mg/dL) 34 [21–54] 35 [22–53] 0.133 35 [22–55] 35 [22–53] 0.955

Highest lactate level (mmol/L) 3.0 [1.9–5.5] 3.3 [2.0–5.8] 0.009 3.1 [2.0–5.7] 3.3 [2.0–5.8] 0.192

Highest bilirubin level (mg/dL) 0.8 [0.4–2.2] 0.8 [0.5–1.9] 0.874 0.8 [0.4–2.0] 0.8 [0.5–1.9] 0.877

Highest creatinine level (mg/dL) 1.6 [1.1–2.8] 1.8 [1.2–3.0] 0.005 1.7 [1.1–2.9] 1.8 [1.2–3.0] 0.273

Highest WBC (×109/L) 15.9 [10.1–23.3] 16.1 [11.7–22.9] 0.047 16.0 [10.1–23.2] 16.1 [11.7–22.9] 0.115

Table 1 (continued)
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Table 1 (continued)

Characteristic

Before matching After matching

Without echo 
(n=2,000)

With echo  
(n=1,291)

P value
Without echo 

(n=1,289)
With echo  
(n=1,289)

P value

Urine output (mL) 1,132 [493–2,059] 1,102 [512–1,888] 0.613 1,070 [451–1,895] 1,102 [515–1,887] 0.249

Positive blood culture (n, %) 422 (21.1) 223 (17.3) 0.008 221 (17.1) 223 (17.3) 0.958

Documented pathogen (n, %) 1,572 (78.6) 1,016 (78.7) 0.981 1,033 (80.1) 1,014 (78.7) 0.381

Support therapies (n, %)

Renal replacement therapy 182 (9.1) 128 (9.9) 0.471 142 (11.0) 128 (9.9) 0.403

Mechanical ventilation 1,284 (64.2) 1,004 (77.8) <0.001 997 (77.3) 1,002 (77.7) 0.850

Echo, echocardiography; SAPS, Simplified Acute Physiology Score; SOFA, Sequential Organ Failure Assessment; CNS, central nervous 
system; CVP, central venous pressure; MAP, mean arterial pressure; WBC, white blood cell.

Table 2 Outcomes of patients in matched cohort.

Variable Without echo (n=1,289) With echo (n=1,289) P value

Primary outcome

28-day mortality (n, %) 486 (37.7) 428 (33.2) 0.019

Secondary outcomes

PAC (n, %) 3 (0.2) 54 (4.2) <0.001

PiCCO (n, %) 13 (1.0) 23 (1.8) 0.131

Transfusion (n, %) 299 (23.2) 294 (22.8) 0.852

Use of inotropes 92 (7.1) 229 (17.8) <0.001

Norepinephrine-free days in 28 days 26.9 [25.5–27.6] 26.7 [25.2–27.5] 0.007

Ventilation-free days in 28 days 21.0 [5.3–25.9] 20.8 [6.9–25.6] 0.446

Norepinephrine

Total duration (day) 0.99 [0.38–2.24] 1.15 [0.44–2.42] 0.032

Highest rate (µg/kg/min) 0.20 [0.10–0.41] 0.22 [0.10–0.40] 0.167

Fluid input

1st 24 h after shock 4,674 [2,174–9,393] 5,010 [2,398–9,639] 0.426

2nd 24 h after shock 2,204 [971–4,976] 2,457 [1,081–4,772] 0.164

3rd 24 h after shock 1,749 [723–3,607] 1,697 [758–3,622] 0.821

Urine output

1st 24 h after shock 1,485 [683–3,010] 1,419 [619–2,792] 0.359

2nd 24 h after shock 1,802 [833–3,162] 1,570 [756–2,887] 0.091

3rd 24 h after shock 2,100 [988–3,803] 1,886 [873–3,606] 0.092

Echo, echocardiography; PAC, pulmonary artery catheter; PiCCO, pulse index continuous cardiac output.
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associated with improved 28-day mortality (HR: 0.83; 95% 
CI, 0.73–0.95, P=0.005).

To illuminate the effect of echocardiography on the 
outcomes of septic shock patients, two sensitivity analyses 
were performed. The first sensitivity analysis, which 

excluded 114 patients who underwent multiple sessions 
of echocardiography, identified 2,464 patients from 
the matched cohort. As shown in Figure 3A, a reduced 
likelihood of 28-day mortality in patients with Echo vs. 
those without Echo was maintained (HR, 0.82; 95% 
CI, 0.72–0.94; P=0.004). The second sensitivity analysis 
identified 2,485 patients who did not undergo PAC or 
PiCCO. The reduced likelihood of 28-day mortality in 
Echo group was maintained (HR, 0.87; 95% CI, 0.76–0.99; 
P=0.034) (Figure 3B).

Discussion

Hemodynamic monitoring and assessment is a key 
component of the evaluation of critically ill patients, 
especially for those with septic shock, and bedside 
echocardiography has become increasingly crucial in 
the past years. To our knowledge, this is the first study 
evaluating the effect of echocardiography in the prognosis 
of patients with septic shock. The study demonstrated that 
utilization of echocardiography within 24 hours of septic 
shock occurrence was associated with a decreased 28-day 
mortality (HR: 0.83, P=0.005).

In the USA, the reported prevalence of sepsis in ICU-
derived cohorts is 12% of all ICU admissions, with the 
hospital mortality for septic shock approaching 40–60% (17).  

Figure 2 Cumulative hazard of 28-day mortality in the echo group 
vs. the without echo group.
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Figure 3 Cumulative hazard of 28-day mortality in the echo group vs. the without echo group after (A) excluding patients who either 
received multiple sessions of echo or (B) or who received PiCCO or PAC. PiCCO, pulse index continuous cardiac output; PAC, pulmonary 
artery catheter.
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With strategies including early goal-directed therapy 
(EGDT), rapid empiric broad-spectrum antimicrobials 
therapy, and 3-h and 6-h bundles, the mortality of sepsis 
and septic shock has decreased steadily in recent years. 
Although the incidence of sepsis is increasing each year, the 
mortality of septic shock is still very high (18).

Early fluid resuscitation remained a cornerstone in the 
management of the septic shock for the restoration of tissue 
perfusion and the improvements of prognosis and was 
recommended as a critical therapy in the Surviving Sepsis 
Campaign (SSC) (4). Accurately assessing and monitoring 
the volume status and the response to a fluid challenge 
can effectively titrate fluid resuscitation. Monitoring 
strategies, including CVP, PAC, and PiCCO, are widely 
used for hemodynamic monitoring. However, the ability 
of CVP to predict a response to a fluid challenge when 
the CVP is within a relatively normal range (8–12 mmHg) 
is limited (19). Therefore, the use of CVP alone to guide 
fluid resuscitation is not justified (3). PAC was previously 
shown to not significantly affect mortality and morbidity 
(20-22), and was even associated with more complications 
than CVC-guided therapy (23). Thus, PAC was strongly 
recommended against in routine use for patients with 
sepsis-induced ARDS in SSC 2016 (4). As for PiCCO, 
the requirement for intra-arterial and central venous 
catheterization limits the use to those with evolving critical 
illness or at high risk of complex and severe hemodynamic 
derangement (24). Furthermore, it has shown no benefit 
to patients’ survival compared with CVP (6,25). This 
is because simply using a tool like PAC or PiCCO will 
not improve outcomes; rather, the decisive issue is how 
clinicians use the obtained information to subsequently 
perform management.

Fortunately, echocardiography was recently demonstrated 
to be associated with an improvement in 28-day mortality 
in patients with sepsis (11). Theoretically, septic shock 
patients with compromised hemodynamic may benefit 
most from the guidance of Echo. As a widely utilized non-
invasive monitoring tool, echocardiography was frequently 
reported to result in active changes in management (26), 
including fluid administration, inotrope or drug therapy, 
and treatment limitation (27). As reported, the utility of 
echocardiography was associated with the later initiation 
or increase of diuretics and inotropic support (27). A 
prospective study focusing on the effect of echocardiography 
on diastolic dysfunction in patients with septic shock 
demonstrated that echocardiography might identify those 
patients who require further fluid resuscitation during septic 

shock despite a CVP that indicates adequate resuscitation 
according to the current guidelines (28). In the 818 
management actions resulted from echocardiography, fluid 
administration (32.4%), vasopressor use (16.5%), inotrope 
use (11.7%) were the most frequently undertaken actions (29).  
Consistently, there was more inotrope and fluid input 
administered in the Echo group in our analysis. With this 
kind of active management driven by echocardiography, 
septic shock can be reversed (30). Additionally, due to the 
rapid and sequential evaluation of cardiac output, cardiac 
function, and preload, echocardiography has become 
the first-line tool to differentiate the cause of shock (31). 
Furthermore, myocardial strain or stress changes identified 
by echocardiography can reveal early sepsis-induced 
myocardial dysfunction. In summary, echocardiography 
can help the ICU physicians in three ways: (I) better 
characterization of the hemodynamic disorders; (II) 
selection of the best therapeutic options (intravenous 
fluids, inotropes, and ultrafiltration); (III) assessment of the 
response of the hemodynamic disorders to therapy (3).

However, the association between these subsequent 
changes in management and prognosis has yet to be 
conclusively demonstrated. In our study, patients with 
echocardiography were more clinically severe, which was 
consistent with a previous study (32). Septic shock patients 
who underwent Echo received more norepinephrine, fluid, 
and inotropes. More importantly, Echo was associated with 
a lower risk of death. Patients with sepsis may progress 
in disease severity from infection with a modest degree 
of organ dysfunction to septic shock (33). This chain of 
progression represents a window of opportunity, in which 
correct identification of the patients’ condition and the 
appropriate interventions and monitoring are likely to 
improve outcomes (33). Therefore, we recommend the 
use of Echo for sepsis and septic shock patients in clinical 
practice.

Although the present study was the first to reveal the 
association between the use of echocardiography and the 
outcomes of septic shock patients, some limitations exist. 
Firstly, this was a retrospective study based on a single-
center database, resulting in limited generalizability. 
Secondly, due to the limitation of the database, some clinical 
variables were missing, including detailed measurements 
from echocardiography reports. Thirdly, because of the 
nature of the retrospective analysis, the onset times of septic 
shock was not available. Thus, the time of initiation of 
norepinephrine served as the alternative. Lastly, our primary 
outcome was 28-day mortality. There are significant 
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outcomes variables that were not taken into consideration, 
including long-term mortality and ICU re-admission.

To conclude, in this large retrospective analysis, we 
demonstrated that echocardiography during septic shock 
resulted in subsequent active changes in management, 
including initiation of norepinephrine and inotropes. 
More importantly, echocardiography was associated 
with improved 28-day outcomes. Although this study is 
hypothesis-generating only, it does provide sufficiently 
strong evidence to justify a randomized controlled trial.
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Table S1 Distribution of missing data (n, %) for included variables

Variables Before matching (n=3,291) (n, %) After matching (n=2,578) (n, %)

Age 0 (0) 0 (0)

Gender 0 (0) 0 (0)

Weight 159 (4.8) 112 (4.3)

Admission type 0 (0) 0 (0)

Elective

Emergency

Urgent

Elixhauser comorbidity score 0 (0) 0 (0)

SAPS II 0 (0) 0 (0)

SOFA score 0 (0) 0 (0)

SOFA score for each organ

Cardiovascular 0 (0) 0 (0)

Respiration 0 (0) 0 (0)

Liver 0 (0) 0 (0)

CNS 0 (0) 0 (0)

Renal 0 (0) 0 (0)

Coagulation 0 (0) 0 (0)

Comorbidities

Hypertension 0 (0) 0 (0)

Complicated diabetes mellitus 0 (0) 0 (0)

Congestive heart failure 0 (0) 0 (0)

Chronic pulmonary disease 0 (0) 0 (0)

Metastatic cancer 0 (0) 0 (0)

24 h physiological variables on ICU admission

Mean heart rate 1 (0) 1 (0)

Mean respiratory rate 2 (0) 1 (0)

CVP 1,210 (36.8) 854 (33.1)

Lowest MAP 1 (0) 1 (0)

Highest blood urea nitrogen 8 (0.2) 6 (0.2)

Highest lactate level 183 (5.6) 131 (5.1)

Highest bilirubin level 717 (21.8) 561 (21.8)

Highest creatinine level 8 (0.2) 6 (0.2)

Highest WBC 12 (0.4) 9 (0.3)

Urine output 148 (4.5) 120 (4.7)

Positive blood culture 0 (0) 0 (0)

Documented pathogen 0 (0) 0 (0)

Support therapies 0 (0) 0 (0)

Renal replacement therapy 0 (0) 0 (0)

Mechanical ventilation 0 (0) 0 (0)

Echo, echocardiography; SAPS, Simplified Acute Physiology Score; SOFA, Sequential Organ Failure Assessment; CNS, central nervous 
system; CVP, central venous pressure; MAP, mean arterial pressure; WBC, white blood cell.



Figure S1 Standardized mean difference (SMD) of variables before and after matching. SOFA, sequential organ failure assessment; CVP, 
central venous pressure; CNS, central nervous system; ICU, intensive care unit; LOS, length of stay.
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