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ABSTRACT

Purpose: This study aimed to investigate the association between the use of early echocardiography performed by
the treating physician certified in critical care ultrasound and mortality in ICU patients.

Keywords: Materials and methods: FROG-ICU was a multi-center cohort designed to investigate the outcome of critically
Echocardiography ill patients. Of the 1359 patients admitted to centers where echocardiography was available, 372 patients
ICU, . underwent echocardiography during the initial 3 days.

ﬁ:}t;f:llilém Results: Of the ICU patients admitted for cardiac disease, 47.4% underwent echocardiography, and those patients

had the lowest left ventricular ejection fraction 40 [31-58] % and the lowest cardiac output 4.2 [3.2-5.7] L/min
compared to patients admitted for other causes (p < 0.001 for both). One-year mortality was 36.8% and 39.9%
in patients with and without echocardiography, respectively [HR 0.92 (95% CI 0.75-1.11)]. This result was con-
firmed after multivariable Cox regression analysis [HR 0.88 (95% CI 0.71-1.08)]. Subgroup analyses suggest
that among patients admitted to ICU for cardiac disease, those managed with echocardiography had a lower
risk of one-year mortality [HR 0.65 (95% CI 0.43-0.98)].

Conclusions: Early echocardiography by treating physicians was not associated with short- or long-term survival
in ICU patients. In subgroups, early echocardiography improved survival in ICU patients admitted for cardiac
disease.

Trial registration: clinicaltrials.gov Identifier: NCT01367093.
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1. Introduction

Echocardiography is a recognized screening, diagnostic, and hemo-
dynamic monitoring tool, in addition to its role in cardiovascular diag-
nosis [1]. The use of echocardiography has been reported in several
studies to be beneficial not only for the diagnosis and management of
patients with primary cardiac diseases, but also for patients with a
wide range of critical conditions with haemodynamic instability [2-5].
Indeed, there are several systematic reviews and meta-analyses that re-
port an association of outcomes with echo parameters in ICU patients. In
ICU patients, weaning failure from mechanical ventilation was report-
edly associated with the parameter of echocardiography indicating left
ventricular diastolic dysfunction [6]. In patients with sepsis, some
reported that mortality was associated with parameters of diastolic dys-
function and values of strain assessed with speckle-tracking echocardi-
ography, while others reported no association with left ventricular
ejection fraction (LVEF) or systolic wave obtained with Tissue Doppler
Imaging [7-11]. The guidelines published by the European Society of
Cardiology (ESC), the European Society of Intensive Care Medicine
(ESICM), and the American Heart Association (AHA) recommend an
early echocardiographic assessment for hemodynamically unstable pa-
tients admitted in intensive care units (ICU) [12-14]. However, there are
few data on ICU patients comparing non-invasive hemodynamic ac-
cording to cause(s) of ICU admission and on the association between
the use of echocardiography in the early phase of the ICU stay and clin-
ical outcomes [15-17]. Randomized controlled trials aiming to deter-
mine the impact of early echocardiography on patient outcomes are
challenging. Indeed, physicians trained in critical care ultrasound
would hardly accept to randomize critically ill patients with unstable
hemodynamics to undergo echocardiography versus no echocardiogra-
phy. Taking into account the above-mentioned lack of data, we investi-
gated the association between the use of early echocardiography
performed by the treating physician and mortality in a large prospec-
tive, observational, multi-center cohort of ICU patients.

2. Methods
2.1. Study design

This is an ancillary analysis from the French and euRopean Outcome
reGistry in Intensive Care Units (FROG-ICU) study. The original work
was a prospective, observational, multi-center cohort study that en-
rolled 2087 patients and was designed to assess the long-term survival
rates of patients admitted to ICU. The study was approved by the local
ethics committees (Comité de Protection des Personnes, Ile de France
IV, IRB n°00003835 and Commission d'éthique biomédicale de I'hopital
de Louvain, IRB n° B403201213352) and registered on https://
clinicaltrials.gov/ct2/show/NCT01367093. The methodology and results
of the original study have been published previously [18,19].

2.1.1. Participants and inclusion criteria in the present study

The FROG-ICU study involved 21 medical, surgical or mixed ICUs. All
consecutive patients admitted to ICU were screened for eligibility. Inclu-
sion criteria were mechanical ventilation and/or administration of at
least one vasoactive agent (except dopamine) for more than 24 h. The
exclusion criteria of the original study were age < 18 years at admission,
severe head injury, suspected brain death, pregnancy or breastfeeding,
organ transplantation in the past 12 months, and lack of social security
coverage [18]. For the present study, some patients were also excluded
due to death during the first 3 days of ICU stay. For patients included in
FROG-ICU, several baseline and clinical parameters were recorded in a
specifically-designed data collection notebook.

2.1.2. Echocardiography
In an effort to investigate the effectiveness of echocardiography dur-
ing an early phase, the study population was divided into 2 groups: the

Echocardiography group included patients with transthoracic echocar-
diographic (TTE) examination performed within 3 days of ICU admis-
sion, and the Non-Echocardiography group included patients who did
not undergo echocardiography in the initial 3 days. Echocardiography
was performed by the bedside physician in charge of the patients. Fur-
thermore, regarding the level of echocardiography, the large majority
of physicians were certified in critical care ultrasound. The parameters
recorded included LVEF, mitral inflow early (E) and late diastolic
(A) velocities, the E/A ratio, the pulsed wave tissue Doppler early dia-
stolic velocity (e') of the mitral annulus (lateral part), the E/e’ ratio,
left atrial diameter, cardiac output (CO) calculated using left ventricular
outflow tract velocity-time integral, right ventricular dimension,
transtricuspid pressure gradient, tricuspid annular plane systolic excur-
sion, and inferior vena cava (IVC) size, and distensibility index of
IVC, which was calculated as the ratio of (maximum diameter of IVC -
minimum diameter of [VC) / minimum diameter of IVC, and expressed
as a percentage [20].

2.1.3. Study outcomes

For this study, the primary outcome was to assess the association be-
tween the use of echocardiography within 3 days of ICU admission and
one-year all-cause mortality after 3 days of ICU admission. Secondary
outcome was an association between early echocardiography and
in ICU mortality. For primary analysis, we excluded centers where
echocardiography was not available.

2.2. Statistical analysis

Continuous variables are presented as medians with interquartile
range, whereas categorical variables are presented as numbers and per-
centages. Comparisons of characteristics according to groups were con-
ducted by using Mann-Whitney or Kruskal-Wallis test for continuous
variables and Fisher exact test or y? test for categorical variables.
Outcomes of patients who got early echocardiography were compared
to patients who did not by means of logistic regression (for in ICU mor-
tality) and Cox regression analysis (for one-year all-cause mortality),
and the results were expressed as odds ratio (OR) and hazard ratios
(HR) with 95% confidence interval (CI), respectively. The prognostic
value of echocardiography and non-echocardiography was examined
in multivariable models for ICU mortality and all-cause mortality at
one-year. Details of the multivariable models are presented in the
supplementary material online.

To account for missing data, multiple imputations were used with 10
imputed datasets. Rubin's algorithm was used for averaging parameter
estimates across the imputed datasets. We explored the robustness of
the findings of the main analysis described above by recalculating out-
comes in three different sensitivity analyses: 1) multivariable-adjusted
Cox regression analysis was repeated after adding adjustment by center
(analysis on 1359 patients); 2) multivariable-adjusted Cox regression
analysis was repeated without excluding patients in centers where
echocardiography were not available in ICU (analysis on 2059 patients);
3) multivariable-adjusted Cox regression analysis was repeated,
restricting the Echocardiography group to those patients where the
echocardiography was performed within 24 h of ICU admission (analy-
sis on 1375 patients). Subgroup analysis according to the etiologies was
carried out. In the multivariable-adjusted Cox regression model, we
examined potential modifying factors for the main outcome (one-year
all-cause mortality) that we thought could theoretically impact the
echocardiography effect: history of heart failure, history of severe
valvular disease, history of coronary artery disease, age (264 or <64
years), SAPS II (253 or <53), troponin T (249.2 or <49.2 pg/mL), and
N-terminal pro-B type natriuretic peptide (1400 or <1400 pg/mL).
Dichotomization was based on the median value of each continuous
variable. A two-sided p-value <0.05 was regarded as statistically signif-
icant. Because this was an exploratory study, a pre-hoc sample size cal-
culation was not made. Statistical analyses were performed using R,



Table 1

Characteristics of the study population at inclusion.

Total n = 1359 Missing values (%)  Echocardiography n =372  Non-Echocardiography n = 987  p value
Demographic data at inclusion
Age (year) 64 [52-75] 0.0 63 [51-74] 64 [52-75] 0.56
Male gender, n (%) 864 (64) 0.0 246 (66) 618 (63) 0.26
Body mass index (kg/m?) 26.2 [23.0-30.5] 35.2 26.0 [22.5-30.0] 26.3[23.1-30.7] 0.15
Body weight (kg) 76.0 [65.0-89.0] 119 76.0 [65.0-86.0] 76.0 [65.0-89.0] 0.31
Medical history
Charlson score 3[2-5] 0.0 3[1-5] 3[2-5] 0.032
Severe valvular disease, n (%) 59 (4) 0.1 22 (6) 37 (4) 0.099
Peripheral vascular disease, n (%) 139 (10) 0.1 43 (12) 96 (10) 0.32
Prior stroke, n (%) 76 (6) 0.1 22 (6) 54 (5) 0.79
Hypertension, n (%) 580 (43) 0.1 148 (40) 432 (44) 0.22
Coronary artery disease, n (%) 144 (11) 0.1 35(9) 109 (11) 0.43
Chronic heart failure, n (%) 99 (7) 0.1 27 (7) 72 (7) 1.00
Pulmonary hypertension, n (%) 28 (2) 0.1 8(2) 20(2) 0.83
Diabetes mellitus, n (%) 265 (20) 0.1 61 (16) 204 (21) 0.09
Chronic obstructive pulmonary disease, n (%) 181 (13) 0.1 44 (12) 137 (14) 037
Smoking 365 (27) 0.1 109 (29) 256 (26) 0.22
Chronic renal disease, n (%) 163 (12) 0.1 48 (13) 115 (12) 0.51
Chronic liver disease, n (%) 125(9) 0.1 26 (7) 99 (10) 0.092
Recent active malignant tumors, n (%) 184 (14) 0.1 38 (10) 146 (15) 0.032
Loss of autonomy, n (%) 61 (4) 0.1 16 (4) 45 (5) 1.00
Etiology <0.001
Cardiac disease, n (%) 266 (20) 0.0 126 (34) 140 (14)
Sepsis, n (%) 357 (26) 0.0 83 (22) 274 (28)
Acute neurological disorder, n (%) 177 (13) 0.0 43 (12) 134 (14)
Acute respiratory failure, n (%) 301 (22) 0.0 76 (20) 225 (23)
Other, n (%) 258 (19) 0.0 44 (12) 214 (22)
Severity score at ICU admission
SOFA score 8[5-10] 193 8[5-11] 8[5-10] 0.40
SAPS 11 53 [40-66] 0.0 57 [44-69] 51 [38-65] <0.001
Clinical presentation at inclusion
Temperature (°C) 37.3[36.7-37.8] 2.2 37.2[36.6-37.8] 37.3[36.8-37.8] 0.035
Systolic blood pressure (mmHg) 121[108-138] 2.6 122[109-138] 121[108-138] 0.94
Diastolic blood pressure (mmHg) 61 [53-70] 2.6 61 [53-70] 61[53-70] 0.79
Heart rate (/min) 92 [79-106] 3.5 92 [78-108] 92 [79-106] 0.86
Respiratory rate (breaths per minute) 20[16-25] 23.6 21[16-25] 20[16-25] 0.067
Atrial fibrillation, n (%) 131(11) 8.5 37 (11) 94 (10) 0.76
Inotrope or vasopressor, n (%) 940 (69) 0.2 276 (75) 664 (67) 0.010
Mechanical ventilation, n (%) 1296 (95) 0.0 355 (95) 941 (95) 1.00
Pa0, (mmHg) 89 [74-116] 9.0 88 [75-115] 90 [74-116] 0.80
FiO, (%) 40 [30-50] 9.2 40 [30-50] 40 [30-50] 0.45
Pa0, / FiO, ratio 232 [138-329] 17.6 221 [134-320] 234 [141-334] 0.28
Diuresis of 24 h (mL/24 h) 1300 [750-2188] 139 1330 [750-2200] 1300 [745-2135] 0.79
Laboratory findings at inclusion
Sodium (mmol/L) 140 [137-143] 15 140 [137-143] 140 [137-143] 0.12
Potassium (mmol/L) 3.9[3.6-4.3] 2.5 3.9[3.6-4.3] 3.9[3.6-4.2] 0.28
Urea (mmol/L) 8.6 [5.3-14.5] 5.4 8.6 [5.0-13.9] 8.5 [5.4-14.9] 0.32
Creatinine (umol/L) 86 [60-154] 0.0 89 [60-155] 85 [61-153] 0.47
eGFR (mL/min/1.73m?) 74.7 [38.9-114.0] 0.0 71.8 [39.4-112.1] 75.4[38.7-115.1] 0.69
Urinary Albumin (mg/L) 383 [297-476] 0.7 384 [307-480] 382 [292-475] 0.57
Uric acid (umol/L) 199.9 [123.9-305.2] 6.3 205.9[129.0-313.2] 196.2 [122.2-303.8] 0.21
Bicarbonate (mmol/L) 24[21-27] 13.0 23[21-26] 24[21-27] 0.31
Lactate (mmol/L) 1.3[0.9-1.9] 16.1 1.2[0.8-1.7] 1.3[0.9-1.9] 0.029
White blood cell (/mm?) 11,400 [8200-16,530] 5.4 11,200 [8000-16,000] 11,600 [8200-16,800] 0.13
Hemoglobin (g/dL) 10.2 [9.1-11.6] 32 10.3 [9.2-11.6] 10.2 [9.1-11.7] 0.69
Platelets (/mm?) 164,000 [98000-236,000] 3.9 154,000 [94000-216,000] 167,000 [99000-252,000] 0.011
Bilirubin (mmol/L) 12 [8-27] 27.0 12 [8-21] 13 [8-29] 0.40
Glycemia (mmol/L) 7.4[6.2-9.2] 7.8 7.3[6.2-9.3] 7.416.2-9.2] 0.95
Total protein (g/L) 55 [49-61] 8.4 55 [49-60] 55 [49-61] 0.69
Troponin T (pg/mL) 49.2[19.2-150.9] 0.7 69.2 [23.8-256.3] 44,0[17.6-125.7] <0.001
NT-proBNP (pg/mL) 1400 [386-5116] 0.7 2014 [541-7035] 1289 [355-4491] <0.001
Bioactive-adrenomedullin (pg/mL) 67.1[34.7-131.1] 0.8 68.5[35.2-118.0] 66.6 [34.6-137.9] 0.57
Procalcitonin (ng/mL) 1.3[0.3-6.2] 0.7 1.2[0.4-7.2] 1.3[0.3-5.8] 0.57
Interleukin-6 (pg/mL) 94.0 [41.6-256.0] 0.7 92.6 [46.7-249.2] 95.2 [40.7-265.7] 0.93
Cystatin C (mg/L) 1.4[0.9-2.1] 0.7 1.3[0.9-2.1] 1.4[0.9-2.1] 0.14
Galectin 3 (ng/mL) 21.9[14.5-34.8] 0.7 20.5[13.8-33.3] 22.3[14.8-35.1] 0.11
Soluble-ST2 (ng/mL) 364.1[193.4-799.9] 15 340.8 [187.2-760.0] 376.6 [195.8-830.5] 0.31

Data are presented as the median [interquartile range] or number (percentage). eGFR, estimated glomerular filtration rate; FiO,, fraction of inspired oxygen; ICU, intensive care unit; NT-
proBNP, N-terminal pro-B type natriuretic peptide; PaO,, partial pressure of arterial oxygen; SAPS, simplified acute physiology score; SOFA, sequential organ failure assessment. Bold p
values denote statistical significance (p < 0.05).



version 3.5.1 (R Foundation for Statistical Computing, Vienna, Austria)
packages: mice v3.11.0 [21] and rms v6.1-0 [22].

3. Results
3.1. Patient characteristics during ICU stay

Of the 2087 patients included in the FROG-ICU cohort, 28 patients
who died during the first 3 days of ICU stay were excluded; therefore,
2059 patients provided the key data included in the present analysis.
Of the 1359 patients admitted to centers where echocardiography was
available in the present study, 372 (27%) patients underwent echocardi-
ography during the initial 3 days. Patient characteristics are summa-
rized in Table 1. Both groups differed in several aspects; notably,
patients with echocardiography compared with patients without had
higher SAPS II (57 [44-69] vs. 51 [38-65], p < 0.001), higher troponin
T (69.2 [23.8-256.3] pg/mL vs. 44.0 [17.6-125.7] pg/mL, p < 0.001),
and higher N-terminal pro-B type natriuretic peptide (2014
[541-7035] pg/mL vs. 1289 [355-4491] pg/mL, p < 0.001). The median
LVEF in the Echocardiography group was 51 [35-66] %. Of the ICU pa-
tients admitted for cardiac disease, 47.4% underwent early echocardiog-
raphy. Echocardiography detected a marked deterioration in cardiac
contractile function -especially LVEF and CO- in cardiac disease (LVEF:
40 [31-58] %, CO: 4.2 [3.2-5.7] L/min) compared to the other etiologies,
namely sepsis, acute neurologic disorders, acute respiratory failure and
other causes (p < 0.001 for both) (Table 2).

3.2. Association between echocardiographic examination and mortality at
one year

The primary outcome, one-year all-cause mortality, was 36.8% in the
Echocardiography group and 39.9% in the Non-Echocardiography group
[HR 0.92 (95% C10.75-1.11) p = 0.38)] (Fig. 1).

After adjustment for covariates associated with ICU mortality and
one-year all-cause mortality in the multivariable model (Table S1),
the OR for ICU mortality and HR for one-year all-cause mortality be-
tween the Echocardiography group and the Non-Echocardiography
group were 0.78 (95% CI: 0.55-1.11; p = 0.16) and 0.88 (95% CI:
0.71-1.08; p = 0.23), respectively.

3.3. Sensitivity analyses

The estimations of the association between the use of echocardiog-
raphy and survival in ICU and at one year, adjusted by center (sensitivity
analysis 1), including patients at centers where echocardiography was
not available (sensitivity analysis 2), and restricting the Echocardiogra-
phy group to those patients where the echocardiography was

performed within 24 h of ICU admission (sensitivity analysis 3), were
similar to the results obtained in the main analysis (Fig. 2).

3.4. Subgroup analysis

Fig. 3 shows that although the interaction between etiology and
echocardiography was not statistically significant for either ICU mortal-
ity (interaction p = 0.075) or one-year all-cause mortality (interaction
p = 0.088), there is some suggestion that among patients admitted to
ICU for cardiac disease, those managed with early echocardiography
had a lower risk of in ICU [adjusted OR 0.48 (95% CI 0.24-0.93) p =
0.031] and one-year [adjusted HR 0.65 (95% CI 0.43-0.98) p = 0.042]
mortality. Of note, there was no significant association between early
echocardiology and one-year all-cause mortality in sepsis patients
[adjusted HR 1.21 (95% CI1 0.83-1.76) p = 0.31] (Fig. S1). The rest of
the selected variables examined for interaction did not influence the
association of echocardiography with one-year all-cause mortality
(Fig. S1).

4. Discussion

In the present study, echocardiography showed marked alteration in
heart contraction in ICU patients admitted for cardiac disease. However,
despite better diagnosis, our study did not show that the use of echocar-
diography by the treating physician soon after ICU admission was asso-
ciated with benefits on short- and long-term survival in ICU patients. To
the best of our knowledge, this is a unique study assessing non-invasive
cardiac hemodynamics in a large cohort of ICU patients. Our study
shows that one-quarter of ICU patients were managed with echocardi-
ography during the initial days of ICU stay. In addition, it showed that
echocardiography, when performed, may help to determine the cause
(s) of ICU admission. Indeed, hemodynamics was markedly altered in
ICU patients admitted with cardiac cause compared to any other cause
of ICU admission. We hypothesized that performing echocardiography
in ICU patients is likely to help physicians choose the appropriate ther-
apies and may also have an impact on survival. However, our study
failed to demonstrate an association between echocardiography and
outcome in a large ICU cohort. Few studies examined the association be-
tween the use of echocardiography and outcome in ICU settings, and
only 3 of them studied ICU patients exclusively, although with selected
diseases [17,23,24]. Our results diverge from those of the randomized
study by Wang et al. [23] performed in 128 patients with cardiogenic
pulmonary edema. The authors showed an association between the
use of TTE and a reduced length of ICU stay; in addition, ICU mortality
was also lower in the TTE group, though this difference was not statisti-
cally significant. Our results are in accordance with those of the random-
ized monocentric trial carried out by Merz et al. [24] in 545 circulatory
shock patients, in whom no change in survival was observed when

Table 2
Echocardiographic parameters in the Echocardiography group within etiologies.
Cardiac disease Sepsis Neurological disorder Respiratory failure Other p value
n=126 n=283 n=43 n=76 n=44
LVEF (%) 40 [31-58] 55 [41-70] 57 [39-68] 55 [40-66] 55 [40-66] <0.001
E/A ratio 1.1[0.8-1.6] 1.2[0.9-1.5] 1.1[0.8-1.4] 1.0[0.8-1.4] 1.1[0.9-1.6] 0.85
Lateral E/e’ ratio 7.8[6.4-11.4] 8.3[6.5-10.7] 7.2 [5.8-9.7] 7.1[5.9-10.0] 6.3 [4.3-8.3] 0.039
Left atrial diameter (mm) 37 [31-43] 36 [31-42] 33[30-37] 36 [32-42] 40 [34-47] 0.014
Cardiac output (L/min) 42[3.2-5.7] 49[3.8-6.3] 5.1[4.1-6.3] 5.9 [4.6-7.0] 5.7 [3.7-7.9] <0.001
RVDd (mm) 40 [35-45] 42 [34-48] 36 [34-42] 41 [35-46] 41 [34-44] 0.20
TRAPG (mmHg) 28 [24-37] 26 [24-33] 26 [17-30] 35 [27-43] 25 [20-42] 0.10
TAPSE (mm) 18[16-21] 20 [17-24] 21[15-22] 18 [17-20] 24 [23-25] 0.074
IVC max diameter (mm) 20 [17-24] 19[16-22] 18[15-23] 20 [18-25] 16 [12—22] 0.096
Distensibility index of IVC (%) 22 [9-42] 18[11-39] 29 [17-58] 19[12-35] 31[8-83] 0.64

Data are presented as the median [interquartile range].

A, peak velocity of late diastolic transmitral flow; E, peak velocity of early diastolic transmitral flow, e’, peak velocity of early diastolic mitral annular motion as determined by pulsed wave
Doppler; ICU, intensive care unit; IVC: inferior vena cava, LVEF: left ventricular ejection fraction, RvVDd, Right ventricular dimension at end-diastole, TAPSE, tricuspid annular plane systolic

excursion, TRAPG transtricuspid pressure gradient.
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Fig. 1. Kaplan-Meier curve for one-year all-cause mortality in patients with and without early echocardiography by the treating physician.

HR, hazard ratio.
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Fig. 2. Impact of early echocardiography on adjusted in ICU and one-year all-cause
mortality.

The main analysis was performed after adjustment for covariates associated with ICU-
mortality and one-year all-cause mortality in the multivariable model. Sensitive analyses
were performed by recalculating outcomes in three different ways: sensitivity analysis
1) multivariable-adjusted Cox regression analysis was repeated after adding adjustment
by center (analysis on 1359 patients); sensitivity analysis 2) multivariable-adjusted Cox
regression analysis was repeated without excluding patients in centers where echocardi-
ography was not available in ICU (analysis on 2059 patients); 3) multivariable-adjusted
Cox regression analysis was repeated, restricting the Echocardiography group to those
patients where the echocardiography was performed within 24 h of ICU admission
(analysis on 1375 patients).

HR, hazard ratio; ICU, intensive care unit; OR, odds ratio.

continuous single-use transesophageal echocardiography was used. Fi-
nally, when looking at subgroup analyses by cause(s) of admission, we
found no significant interaction. However, our results on the subgroup
of septic patients were divergent from the analysis of Feng et al. per-
formed in patients included in the MIMIC-III cohort [17] that reported
a benefit in 28-day mortality of patients with sepsis admitted to ICU
when TTE was used. In our particular subgroup of FROG-ICU patients
with sepsis, we did not observe such a benefit in one-year all-cause
mortality. However, due to different design characteristics, our septic
patients were mostly in shock, and those from MIMIC-IIIl were mostly
not in shock, as demonstrated by the higher rates of mechanical ventila-
tion (94% vs. 53%) and vasopressor use (88% vs. 32%) observed in our
study. Hence, in our study, echocardiography was performed in more
severe septic shock patients who were possibly already in multiple
organ failure and for whom hemodynamic management alone had
fewer chances to influence outcomes. Another interesting exploratory
analysis showed survival benefit for ICU patients with cardiac disease
in whom echocardiography was performed early after ICU admission
by the physician in charge. Our results likely highlight the beneficial
role of putting diagnostic tools and therapeutic arsenal into the same
hands. Effectively, this might shorten the time from hemodynamic as-
sessment to therapeutic actions. Furthermore, echocardiography that
includes measures of CO and cardiac filling pressures, predicting volume
responsiveness, and monitoring the initial effects of therapeutic inter-
ventions, may be helpful in picking the most appropriate hemodynamic
therapies. The latter include starting or stopping vasopressors or
inotropes or fluid. Indeed, though those actions may be beneficial to
ICU patients, several recent reports suggest a marked association be-
tween inappropriate use of vasopressor, inotrope and/or volume load-
ing, and mortality [25-29]. As echocardiography is mostly focused on
exploring heart function, it is foreseeable that the best benefits will be
seen for diseases where the heart plays a significant role. In fact, the
ESC, ESICM, and AHA guidelines [12-14] recommend that echocardiog-
raphy should be performed at admission in patients with suspected cir-
culatory shock or unstable acute heart failure.
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Fig. 3. Subgroup analysis for the impact of early echocardiography on adjusted in ICU and one-year all-cause mortality according to etiology.

HR, hazard ratio; ICU, intensive care unit; OR, odds ratio.

4.1. Limitations

The present study has several limitations. Firstly, it was a non-
randomized study. The observational nature of the data prevents con-
firming causality. The data, however, do not suggest any harm and pro-
vide solid information for further interventional randomized controlled
trials. Secondly, echocardiography offers a non-continuous assessment,
even if it is often performed repeatedly in ICU patients. However, in the
present study, we did not examine the number of echocardiographic
studies performed during the ICU stay. Therefore, it is not yet clear
whether repeated ultrasound examinations were performed or not and
whether this would influence the results. In addition, it is also unclear
why the treating physician performed the echocardiography (for diagno-
sis, to assess the cause of hypotension, for fluid responsiveness assess-
ment, etc.). Thirdly, echocardiography was performed later in some
patients in the Non-Echocardiography group, and if echocardiography
was beneficial, the results may have been biased towards no difference.
Fourthly, some patients in Non-Echocardiography group received early
hemodynamic monitoring device instead of Echocardiography. In that
case, there is a possibility that the Non-Echocardiography group may
have benefited from the device, and the effect of the echocardiography
may be underestimated. In fact, ICU stay was shorter in the Echocardiog-
raphy group when evaluated by excluding patients who used the device
from the Non-Echocardiography group. Fifthly, the recently published
the PRICES recommendation was designed for standardized reporting
of critical care echocardiography studies [30]. Since the current study
was conducted prior to this publication, the echocardiography was not
performed according to these recommendations. Therefore, future stud-
ies following these recommendations are needed to evaluate the effects
of echocardiography in ICU patients. Finally, among the patients in the
Echocardiography group, several parameters were recorded at echocar-
diographic examination, though we did not examine the type or number
of parameters that had the greatest prognostic impact.

5. Conclusion

The present study suggests that in critically ill patients admitted to
the ICU, early echocardiography by treating physicians was not associ-
ated with short- or long-term survival. When looking at subgroups,

early echocardiography improved survival in ICU patients admitted for
cardiac disease.
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