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ABSTRACT
Objectives To evaluate whether early intensive care 
transthoracic echocardiography (TTE) can improve the 
prognosis of patients with mechanical ventilation (MV).
Design A retrospective cohort study.
Setting Patients undergoing MV for more than 48 hours, 
based on the Medical Information Mart for Intensive 
Care III (MIMIC- III) database and the eICU Collaborative 
Research Database (eICU- CRD), were selected.
Participants 2931 and 6236 patients were recruited 
from the MIMIC- III database and the eICU database, 
respectively.
Primary and secondary outcome measures The 
primary outcome was in- hospital mortality. Secondary 
outcomes were 30- day mortality from the date of ICU 
admission, days free of MV and vasopressors 30 days after 
ICU admission, use of vasoactive drugs, total intravenous 
fluid and ventilator settings during the first day of MV.
Results We used propensity score matching to analyse 
the association between early TTE and in- hospital mortality 
and sensitivity analysis, including the inverse probability 
weighting model and covariate balancing propensity 
score model, to ensure the robustness of our findings. 
The adjusted OR showed a favourable effect between the 
early TTE group and in- hospital mortality (MIMIC: OR 0.78; 
95% CI 0.65 to 0.94, p=0.01; eICU- CRD: OR 0.76; 95% CI 
0.67 to 0.86, p<0.01). Early TTE was also associated with 
30- day mortality in the MIMIC database (OR 0.71, 95% CI 
0.57 to 0.88, p=0.001). Furthermore, those who had early 
TTE had both more ventilation- free days (only in eICU- 
CRD: 23.48 vs 24.57, p<0.01) and more vasopressor- free 
days (MIMIC: 18.22 vs 20.64, p=0.005; eICU- CRD: 27.37 
vs 28.59, p<0.001) than the control group (TTE applied 
outside of the early TTE and no TTE at all).
Conclusions Early application of critical care TTE during 
MV is beneficial for improving in- hospital mortality. Further 
investigation with prospectively collected data is required 
to validate this relationship.

INTRODUCTION
Echocardiography, which can be conve-
niently performed in intensive care units 
(ICUs), provide more information on 
cardiac abnormalities, including anatomical 

abnormalities and functional abnormalities,1 
and quickly and accurately assess haemody-
namic changes in the ICU.2 Compared with 
other ICU diagnostic tools, the frequency 
of transthoracic echocardiography (TTE) 
use in the ICU has increased rapidly owing 
to the advantages of non- invasiveness, easy 
availability and safety. In the span of 10 
years from 1999 to 2008, the use of TTE has 
almost doubled, but the resulting economic 
and guardianship costs are also increasing.3 
The research on TTE mainly focusses on the 
management changes caused by TTE, but the 
impact of these changes is unclear.4 Besides, 
despite the release of practice guidelines for 
cardiac ultrasound in 2011, many clinicians 
still use TTE based on their clinical experi-
ence.5 In the ICU, where information from 
randomised controlled trials is a relative defi-
ciency, it is significant to understand the clin-
ical value of a commonly used diagnostic tool.

MV is a common and important procedure 
for patients in the ICU. Although respiratory 
failure is the greatest problem to be solved in 
patients undergoing MV, haemodynamic also 
plays a role that cannot be ignored,6 and a 
recent study also showed that haemodynamic 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ The large sample size from two ICU databases in-
creased the credibility of the research.

 ⇒ Inverse probability weighting model and covari-
ate balancing propensity score model were used 
to analyse the association between early TTE and 
in- hospital.

 ⇒ Although a sensitivity analysis was performed to 
make the results more reliable, some biases are 
inevitable.

 ⇒ Only patients from the MICU and SICU were selected 
to rule out the impact of severe pre- existing heart 
diseases or cardiac surgery.
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changes caused by the influence of airway pressure affect 
the prognosis of patients.7 Several studies have suggested 
that cardiac assessment should be included in manage-
ment strategies in patients undergoing mechanical venti-
lation (MV). TTE can be used to assess the patient’s fluid 
response under MV8 and is ideally suited to diagnose 
the weaning failure of cardiac origin.9 However, there 
is no strong evidence to support that TTE should be 
performed during MV.10 Thus, understanding the clinical 
value of early TTE in mechanically ventilated patients is 
enormously important.

Based on the above questions, our study was imple-
mented to investigate the impact of earlier TTE perfor-
mance on the outcomes of critically ill adult patients with 
MV.

MATERIALS AND METHODS
Database
This study was reported in accordance with the STrength-
ening the Reporting of OBservational studies in Epide-
miology statement.11 We collected data from Medical 
Information Mart for Intensive Care (MIMIC)- III 
v1.412 and the eICU Collaborative Research Database 
(eICU- CRD) v2.0.13 Both are extensive, free, public data-
bases containing hospitalisation information. MIMIC 
covers 61 532 ICU admissions for 46 476 patients at the 
Beth Israel Deaconess Medical Center in Boston, MA, 
USA. The eICU- CRD covers 200 859 ICU admissions 
from 1 39 226 patients at 208 US hospitals. Xueshu Yu 
completed the required courses for the use of the database 
and obtained the corresponding certificate (researcher 
certification number 1 605 699 and record id 27 752 407).

Study cohort
We conducted a retrospective study of mechanically venti-
lated adult patients from MIMIC- III; only admissions to 
medical intensive care units (MICUs) or surgical inten-
sive care units (SICUs) were included, patients in a coro-
nary care unit and cardiac surgery recovery unit were 
excluded. We used only the first ICU admission data for 
the first hospitalisation and patients 16 years of age or 
older who had been continuously ventilated for at least 
48 hours. Patients who had incomplete datasets were 
excluded. Patients who underwent echocardiography less 
than 24 hours before MV or within 24 hours after MV 
were classified as the early TTE group, and the remaining 
patients constituted the control group (patients who had 
no early TTE, including TTE applied outside of the early 
TTE or no TTE at all).

Data were extracted from the database using structured 
query language code established by Serpa Neto et al.14 The 
following demographic data (using data from the first 24 
hours of admission) were collected: age, sex, weight, race, 
comorbidities (chronic obstructive pulmonary disorder 
(COPD), asthma, congestive heart failure (CHF), chronic 
kidney disease (CKD), hypertension, sepsis, acute respi-
ratory distress syndrome (ARDS)), Sequential Organ 

Failure Assessment (SOFA) score, Oxford Acute Severity 
of Illness Score (OASIS), vital signs (mean arterial pres-
sure (MAP), heart rate (HR)) and laboratory values (white 
blood cell (WBC) count, haemoglobin (Hb), blood urea 
nitrogen (BUN), pH, pO2, pCO2 and lactate). In addi-
tion, we also collected the management data for the first 
day of MV (tota intravenous fluid, ventilator settings, use 
of dobutamine and norepinephrine).

Patient and public involvement
No patients and the public were involved in any part of 
this study.

Outcomes
The primary outcome of the study was in- hospital 
mortality. Secondary outcomes were 30- day mortality 
from the date of ICU admission; days free of MV and 
vasopressors 30 days after ICU admission, use of vasoac-
tive drugs, total intravenous fluid and ventilator settings 
during the first day of MV.

Statistical analysis
In order to control the confounding factors, propensity 
score matching (PSM) was performed. The baseline char-
acteristics of the original cohort were stratified by TTE. 
The propensity score for an individual was determined 
based on the covariates age, sex, weight, race, HR, COPD, 
asthma, CHF, CKD, hypertension, ARDS, sepsis, SOFA 
score, OASIS, WBC, Hb, pH, pO2, pCO2 and lactate using 
a standard software package (matching package) with a 
PSM methodology. These variables were selected due to 
their clinical relevance. This method consisted of ranking 
the MV patients in the early TTE group and the control 
group, then selecting the TTE patients who had the 
highest propensity score and finding the control group 
patients with the closest propensity score (maximum 
calliper, 0.2). Both patients were then removed from 
consideration for matching, and the next highest patient 
was selected (matched 1:1 using the nearest- neighbour 
algorithm).

After matching, to assess the balance between the 
two groups, the standardised mean differences (SMDs) 
between the early TTE cohort and the control cohort 
were calculated. SMDs eliminate not only the influence 
of the absolute values from a study but also the influence 
of the unit of measurement on the results.15 Continuous 
variables are shown as the means and SD, and categorical 
variables are represented as the total and proportion. For 
continuous variables, we used a non- parametric test or 
the Wilcoxon rank- sum test. For the categorical variables, 
we used a χ2 test or Fisher’s exact test.

Secondary outcomes were observed after matching as 
well. We used paired t- tests for continuous outcomes and 
χ2 tests for categorical outcomes.

We used the random forest model to impute missing 
data (online supplemental eFigures 1 and 2).16

Sensitivity analysis
We conducted a series of sensitivity analyses with the 
cohort with missing data, the cohort after imputation and 

https://dx.doi.org/10.1136/bmjopen-2021-048646


3Jiang H, et al. BMJ Open 2021;11:e048646. doi:10.1136/bmjopen-2021-048646

Open access

the cohort after PSM to assess the outcomes. In addition, 
we used multiple logistic regression, the inverse proba-
bility of treatment weight (IPTW)17 and the covariate 
balancing propensity score (CBPS)18 to further validate 
the primary outcome. To adjust for these covariates, the 
doubly robust estimation method19 was used to deduce 
the independent associations between TTE and in- hos-
pital mortality and 30- day mortality (details about the 
IPTW and CBPS can be found in the online supple-
mental material). In addition, we divided the patients 
into three groups (Early TTE, late TTE (TTE time≥MV 
time +24 hours) and non- TTE (no TTE after MV)), and 
further analyses were conducted to identify predictors 
of early TTE using multiple logistic regression. Finally, 
we carried out a sensitivity analysis through multivariate 
logistic regression focussing on patients with ARDS and 
sepsis.

Statistical significance was assessed to be determined 
by a two- sided p<0.05. All statistical analyses mentioned 
above were performed using R version 3.5.3.

RESULTS
After reviewing 46 476 unique patients from the MIMIC- III 
database and excluding those with readmission, age <16 
years, and ventilation duration <48 hours, 2931 patients 
from the MICU and SICU were enrolled (figure 1). In 
the eICU- CRD, of the 139 226 unique patients, 6236 
patients in the MICU and SICU were included after the 
exclusion of patients aged <16 years, those receiving inva-
sive ventilation for less than 48 hours and that missing 
hospital discharge information (figure 1). The in- hos-
pital mortality of MV patients was 31.53% in the MIMIC 
database and 28.62% in the eICU- CRD. Patients who died 
were older, had lower weight, higher OASIS and SOFA 

scores, higher lactate, and lower MAP (online supple-
mental eTable 1).

The original cohort baseline in the MIMIC database 
showed that patients who underwent TTE on the first 
day of MV had a more severe status in terms of the SOFA 
score, MAP, pH, pO2 and pCO2 (table 1); however, there 
was no statistically significant difference between the 
early TTE group and the control group in the eICU- CRD 
(table 1).

Primary outcomes
Univariate logistic regression analysis results of in- hos-
pital mortality are shown in online supplemental eTable 
2, and the details of multiple logistic regression are shown 
in online supplemental eTable 3. The clinical features of 
TTE during different time periods and no TTE at all are 
shown in online supplemental eTable 4. Then, we used 
PSM to standardise the differences between the early 
TTE group and the control group (online supplemental 
eTables 5 and 6). All covariates were balanced in the PSM 
cohort (online supplemental eFigures 3 and 4). The 
adjusted OR (MIMIC: OR 0.78, 95% CI (0.65 to 0.94), 
(p=0.01); eICU- CRD: OR 0.76, 95% CI (0.67 to 0.86), 
(p<0.01)) showed that the early use of TTE was beneficial 
to improve the in- hospital mortality of patients under-
going MV (figure 2).

Secondary outcomes
After PSM, early TTE was also associated with 30- day 
mortality in the MIMIC database (OR 0.71, 95% CI (0.57 
to 0.88), p=0.001) (online supplemental eFigure 5). Since 
the eICU- CRD only contains in- hospital mortality data, 
we had no way to assess the association between early TTE 
and 30- day mortality in the eICU- CRD cohort. In addi-
tion, we found that those who had early TTE had both 
more ventilation- free days (but there was no statistical 
difference in MIMIC, p=0.051) and more vasopressor- 
free days in 30 days than the control group (online 
supplemental eTable 7), which might be related to the 
management changes brought by early TTE, including a 
less amount of intravenous fluid (only in the eICU- CRD: 
2156.88 (3635.99) vs. 1470 (2670.69), p<0.001), the use 
of vasoactive drugs and the ventilator setting parameters 
(only in the MIMIC database). However, this conclusion 
should be regarded cautiously as far as the generalisation 
of results is concerned.

Sensitivity studies
We performed some sensitivity analyses, as summarised 
in figure 2 (in- hospital mortality) and online supple-
mental eFigure 5 (30- day mortality). We analysed all 
three cohorts, including the matched cohort, the original 
cohort with missing data, and the cohort after imputa-
tion, and found similar results: in- hospital mortality and 
30- day mortality were improved in mechanically venti-
lated patients undergoing early TTE. In addition, early 
TTE was more conducive to the prognosis of patients than 
late TTE and non- TTE (online supplemental eFigure 6), 

Figure 1 Flow chart illustrating the inclusion and exclusion 
criteria of the study. MICU, medical intensive care units; 
MIMIC, Medical Information Mart for Intensive Care; SICU, 
surgical intensive care units.
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Table 1 Baseline characteristics of the original cohort

Variables

MIMIC cohort eICU- CRD cohort

Control group Early TTE SMD Control group Early TTE SMD

N 2028 903 4114 2122

Sex (%) 0.004 0.061

  F 976 (48.1) 433 (48.0) 1803 (43.8) 994 (46.8)

  M 1052 (51.9) 470 (52.0) 2311 (56.2) 1128 (53.2)

Age (mean (SD)) 62.33 (15.53) 62.43 (16.44) 0.007 62.04 (15.47) 61.55 (15.92) 0.031

Race (%) 0.07 0.131

  Black 164 (8.1) 79 (8.7) 397 (9.6) 227 (10.7)

  Hispanic 53 (2.6) 27 (3.0) 119 (2.9) 35 (1.6)

  Other 436 (21.5) 170 (18.8) 215 (5.2) 161 (7.6)

  White 1375 (67.8) 627 (69.4) 3383 (82.2) 1699 (80.1)

Weight (mean (SD)) 79.32 (20.37) 81.82 (21.01) 0.121 83.62 (22.17) 83.07 (22.70) 0.024

HR (mean (SD)) 90.71 (17.20) 92.18 (18.89) 0.081 94.73 (17.31) 93.93 (17.09) 0.046

MAP (mean (SD)) 79.34 (11.33) 77.81 (11.45) 0.134 81.22 (12.06) 82.38 (12.36) 0.095

COPD (%) 0.031 0.102

  0 1900 (93.7) 839 (92.9) 3282 (79.8) 1603 (75.5)

  1 128 (6.3) 64 (7.1) 832 (20.2) 519 (24.5)

Asthma (%) 0.033 0.087

  0 1884 (92.9) 831 (92.0) 4024 (97.8) 2099 (98.9)

  1 144 (7.1) 72 (8.0) 90 (2.2) 23 (1.1)

CHF (%) 0.334 0.026

  0 1594 (78.6) 575 (63.7) 3548 (86.2) 1811 (85.3)

  1 434 (21.4) 328 (36.3) 566 (13.8) 311 (14.7)

CKD (%) 0.148 0.065

  0 1822 (89.8) 767 (84.9) 3565 (86.7) 1884 (88.8)

  1 206 (10.2) 136 (15.1) 549 (13.3) 238 (11.2)

Hypertension (%) 0.11 0.035

  0 1849 (91.2) 793 (87.8) 2064 (50.2) 1028 (48.4)

  1 179 (8.8) 110 (12.2) 2050 (49.8) 1094 (51.6)

ARDS (%) 0.2 0.091

  0 1826 (90.0) 752 (83.3) 3610 (87.7) 1922 (90.6)

  1 202 (10.0) 151 (16.7) 504 (12.3) 200 (9.4)

Sepsis (%) 0.201 0.403

  0 573 (28.3) 178 (19.7) 3012 (73.2) 1883 (88.7)

  1 1455 (71.7) 725 (80.3) 1102 (26.8) 239 (11.3)

SOFA (mean (SD)) 5.94 (3.88) 7.62 (3.95) 0.431 6.25 (3.65) 6.02 (3.37) 0.067

OASIS (mean (SD)) 38.25 (7.97) 40.91 (8.07) 0.333 33.27 (10.41) 32.58 (10.66) 0.065

Hb (mean (SD)) 10.79 (2.05) 10.87 (2.15) 0.039 11.74 (2.69) 11.53 (2.66) 0.079

WBC (mean (SD)) 12.08 (5.75) 12.49 (6.21) 0.069 12.77 (5.92) 12.69 (5.86) 0.013

pH (mean (SD)) 7.36 (0.10) 7.33 (0.12) 0.337 7.33 (0.10) 7.34 (0.10) 0.095

BUN (mean (SD)) 29.67 (24.98) 34.32 (25.78) 0.183 30.12 (24.71) 28.91 (23.17) 0.051

pO2 (mean (SD)) 142.68 (73.12) 129.50 (73.80) 0.179 120.42 (61.26) 120.28 (58.24) 0.002

pCO2 (mean (SD)) 40.82 (9.08) 41.03 (10.07) 0.022 43.27 (11.47) 43.57 (11.60) 0.026

Lactate (mean (SD)) 2.05 (0.95) 2.21 (1.10) 0.155 3.07 (2.52) 2.86 (2.34) 0.09

Data are reported as the mean (SD) or no./total (%).
All data were extracted in the first 24 hours of ICU admission.
ARDS, acute respiratory distress syndrome; BUN, blood urea nitrogen; CHF, congestive heart failure; CKD, chronic kidney disease; COPD, chronic 
obstructive pulmonary disorder; Hb, haemoglobin; HR, heart rate; MAP, mean arterial pressure; OASIS, Oxford Acute Severity of Illness Score; SMD, 
standardised mean difference; SOFA, sequential organ failure assessment; WBC, white blood cell.
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and the subgroup analysis also showed that early TTE was 
beneficial in improving in- hospital mortality in the ARDS 
cohort (in the MIMIC sample only) and the sepsis cohort 
(online supplemental eTable 8). The clinical character-
istics of ARDS and sepsis patients are shown in online 
supplemental eTable 9.

DISCUSSION
In our study, the results provided evidence to support our 
hypotheses. After we adjusted for important confounding 
factors through PSM analysis, the results showed that 
early TTE was associated with a reduced risk of in- hos-
pital mortality and 30- day mortality in these patients. The 
above results were verified by the data from the MIMIC III 
and eICU- CRD databases. We also tested several hypoth-
eses to account for the mortality benefit. It may be that 
TTE caused a change in management and improved the 
patient’s prognosis, but based on current research, we 
cannot be completely sure.

We consider the following possible reasons for the 
improvement in in- hospital mortality and 30- day mortality 
with echocardiography: The MV affects haemodynamic 
as well as the respiratory system.20 The effect of ventila-
tion on the haemodynamic of the heart is mainly due to 
changes in pleural pressure (Ppl), and Ppl affects both 
the inflow of the right ventricle (RV) and the outflow of 
the left ventricle (LV) .21 While reducing the vena cava 
return, resulting in abnormal filling of the RV, it will also 
increase the resistance of the pulmonary vascular vessels 
and affect the outflow function of the RV. While affecting 
the RV, it also affects the function of the LV. In addition, 
in the case of inappropriate tidal volume, blood flow is 
mostly blocked due to transpulmonary pressure (TP) 
rising to a level that exceeds pulmonary artery pressure, 
resulting in a substantial right ventricular afterload.22 
These effects lead to acute cardiac strain and functional 
and even organic lesions. Intuitive assessment of cardiac 
function can help clinicians adjust ventilator settings to 
minimise the occurrence of cardiovascular dysfunction 
while maintaining ventilation.23

TTE is a valuable tool for monitoring haemodynamic 
bedside24; it can easily provide dynamic haemodynamic 
parameters for assessing the type of shock that cannot be 
determined by clinical examination25 and information 

about heart- lung interactions in mechanically ventilated 
patients.26

The afterload of RV is mainly composed of pulmonary 
blood flow resistance and vascular wall tension, and right 
ventricular ejection is tightly coupled with the pressure 
and compliance of the pulmonary artery. MV- induced 
pulmonary artery pressure variation (changes of TP and 
Ppl transmitted to the pulmonary blood vessels), as well 
as cardiac compression caused by increased lung volume, 
eventually leading to right heart dysfunction.27 In addi-
tion, due to the influence of positive pressure, the size of 
the inferior vena cava (IVC) will also alter, which affects 
the venous return. As shown in online supplemental 
eTable 7, eve after PSM, the early TTE group had less 
fluid administered. Therefore, TTE may have helped 
directly (assessing fluid responsiveness by monitoring 
the RV pressure and stroke volume, as well as IVC)8 or 
indirectly (estimation of high LV filling pressure and 
diastolic dysfunction). The latter is associated with higher 
mortality in patients with sepsis.28 29

Recently, similar to our study, Dessap et al found that 
early identification of right ventricular dysfunction based 
on acute cor pulmonale may allow the intensivist to 
design an intervention that might improve acute respi-
ratory distress syndrome patient mortality,30 and Feng 
et al also showed that early transthoracic echocardiog-
raphy could improve the prognosis of sepsis patients by 
changing their management.3 These findings increase 
the possibility that TTE can provide physicians with useful 
information in the ICU. In addition, echocardiography 
is non- invasive and provides reliable information in most 
cases. Thus, although the effect of echocardiography on 
patient outcomes has not yet been established, experts 
recommend that patients undergo MV for echocardiog-
raphy. They suggested that echocardiography should be 
performed early in the course of management to quickly 
obtain information on ventricular dimensions and func-
tion and to assess changes in cardiac output in response 
to therapy.31 32 Our findings provide evidence for the 
early use of echocardiography in mechanically ventilated 
patients and the possibility that TTE can be better applied 
in the ICU.

The present analysis had some limitations. First, this 
was a retrospective registry study based on two large 

Figure 2 Primary outcomes and sensitivity analyses. The results showed that early use of transthoracic echocardiography 
(TTE) was beneficial in improving the in- hospital mortality of patients undergoing mechanical ventilation. sensitivity analyses 
were performed to determine whether the results were dependent on the method of covariate adjustment. original, the cohort 
with missing data; imputation, the cohort after imputation; PSM, the cohort after propensity score matching; IPTW, the cohort 
after inverse probability of treatment weight; CBPS, the cohort after covariate balancing propensity score.

https://dx.doi.org/10.1136/bmjopen-2021-048646
https://dx.doi.org/10.1136/bmjopen-2021-048646
https://dx.doi.org/10.1136/bmjopen-2021-048646
https://dx.doi.org/10.1136/bmjopen-2021-048646
https://dx.doi.org/10.1136/bmjopen-2021-048646


6 Jiang H, et al. BMJ Open 2021;11:e048646. doi:10.1136/bmjopen-2021-048646

Open access 

databases; although the multivariate regression model 
was used to control confounding factors, the addition 
of other variables may have affected the results. Besides, 
since much data from a retrospective study of MIMIC 
and eICU are not available, it is difficult to fully follow 
the checklist conducting and reporting critical care 
echocardiography (CCE) studies recommended by the 
Preferred Reporting Items for Critical care Echocardiog-
raphy Studies (PRICES),33 which contributes to reducing 
the interpretation and reproducibility of CCE studies. 
Second, we used PSM to adjust some of the potential 
selection biases. Although we performed a sensitivity 
analysis to make the results more reliable, some biases 
are inevitable. Third, as this was a retrospective study, we 
cannot know whether the management differed between 
the early TTE group and the control group with regards 
to TTE, and there is insufficient evidence to show that 
different management is associated with the mortality of 
MV patients. Fourth, to rule out the impact of severe pre- 
existing heart diseases or cardiac surgery, only patients 
from the MICU and SICU were selected. Finally, although 
our study suggested that the in- hospital mortality of MV 
patients was associated with early TTE, further prospec-
tive randomised controlled trials are still needed to vali-
date our results.

CONCLUSION
To the best of our knowledge, this is the first report to 
determine the clinical value of TTE for patients under-
going MV. Early application of echocardiography during 
MV may be beneficial for the prognosis of patients. 
However, further prospective, multicentre, randomised 
controlled studies are needed to validate our results.
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