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Background: For patients with multiple organ dysfunction syndrome (MODS), timely assessment
of the condition and real-time adjustment of the treatment plan are of critical importance. To this end,
transthoracic echocardiography (TTE) is widely used in clinical practice, but whether TTE can improve the
short-term prognosis of MODS patients is currently unclear.

Methods: We extracted data of patients from the Medical Information Mart for Intensive Care III
(MIMIC-III) database and included cases according to inclusion and exclusion criteria. The primary
endpoint was the mortality within 28 days after admission to the intensive care unit (ICU), and multi-
variate regression analysis was conducted to infer the risk factors associated death within 28 days after
ICU admission. Double robust analysis was conducted to investigate the correlation between TTE and
the endpoint. A gradient-boosted model (GBM) was constructed to calculate the propensity score (PS) of
patients received T'TE, so as to reduce the difference of variates between these two groups.

Results: A total of 13,844 MODS cases were included and were divided into a TTE group and a non-TTE
group. There were 5,022 cases (36.28%) in the TTE group, 2,416 (48.10%) of whom were female; and 8,822
(63.72%) in the non-TTE group, 4,129 of whom (46.80%) were female. The covariates that contributed
significantly to PS included chronic heart failure (CHF), creatine kinase (CK), troponin, partial pressure
of oxygen (PO,), and sequential organ failure assessment (SOFA) scores. Double robust analysis showed
that within 28 days after ICU admission, the TTE group had lower risk of death when compared with the
non-TTE group. The adjusted odds ratio (OR) value of TTE for 28 days death was 0.73 [95% confidence
interval (CI): 0.65-0.82; P<0.001]. The other 3 models had similar results, suggesting that conduct TTE for
patients with MODS in ICU was associated with lower risk of 28 days mortality.

Conclusions: TTE can reduce the mortality of MODS patients in the ICU.
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Introduction

Many patients in the intensive care unit (ICU) experience
multiple organ dysfunction syndrome (MODS), for which
timely assessment and real-time adjustment of the treatment
plan are critically important (1-3). During their stay in the
ICU, patients with MODS receive a wide array of blood
tests, examinations, and monitoring that provide doctors
with the required information for treatment (4,5). As a
simple and noninvasive examination method, ultrasound is
widely used in clinical practice (6,7), with cardiac ultrasound
being particularly valuable for examining patients with
heart disease or severe disease (8-10). Cardiac ultrasound
is commonly used in clinical practice through two main
approaches: transthoracic echocardiography (T'TE) and
transesophageal echocardiography (TEE) (10-12). The
ease in which TTE can be operated facilitates patient
cooperation and a broader range of clinical applications (13).
However, the measurement’s from TTE are easily affected
by the features of a given patient’s chest wall, lungs, and
other anatomical sites. In contrast, with TEE examination,
the probe is placed near to the left atrium, which provides
excellent accuracy (11); in particular, the accuracy in
detecting intracardiac thrombosis is significantly higher in
TEE than in TTE (11). However, as the operation of TEE
is more complicated and requires a high degree of patient
cooperation, it is less commonly used (11). Nonetheless,
in some patients, even when a variety of examinations is
performed, the patients’ condition cannot be accurately
assessed, or the treatment cannot be adjusted according to
the examination results, rendering some examinations and
tests clinically irrelevant (14). At the same time, overuse
of examination or intervention is prevalent world widely,
which cause heavy burden on patients and government. In
this study, we aimed to investigate whether the application
of TTE in the ICU can improve the short-term prognosis
of MODS patients. We present the following article in
accordance with the STROBE reporting checklist (available
at https://atm.amegroups.com/article/view/10.21037/atm-
22-717/r0).

Methods
Data source and study population

This study used a retrospective design, in which data
from the Medical Information Mart for Intensive Care III
(MIMIC-III v1.4) (15) database were extracted and analyzed.
The MIMIC-III database holds clinical information of
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more than 50,000 patients who were hospitalized in the
ICU of Beth Israel Dikang Medical Center in the United
States from June 2001 to October 2012. The data include
information on vital signs, drugs used, laboratory test
results, imaging examination reports, nursing records,
fluid access and type, diagnosis code, length of stay, clinical
outcome, etc. The study was conducted in accordance with
the Declaration of Helsinki (as revised in 2013).

The patients in this study were those with MODS
who were hospitalized in the ICU. The inclusion criteria
for patients were the following: (I) age >18 years, (II) a
first-time admission to the ICU (for those who had been
admitted to the ICU multiple times, only the information
of first stay in ICU was recorded), (III) a first-time diagnosis
of MODS, and (IV) a stay time in the ICU of >24 hours.
The exclusion criteria were the following: (I) the missing of
key information, such as lack of scores for severe illness; and
(II) patients who were discharged automatically.

Data extraction

Structured Query Language (SQL) was used to extract the
following data from the MIMIC-III database according to
previous studies (16,17): age, sex, body weight, white blood
cell, hemoglobin, platelet, blood urine nitrogen, creatine,
blood glucose, electrolytes, blood HCOj;™, sequential organ
failure assessment (SOFA), and ICU hospitalization duration
and death. Other data extracted included information
concerning comorbidities (hypertension, coronary heart
disease, chronic obstructive pulmonary disease (COPD);
chronic kidney disease; the use of mechanical ventilation,
renal replacement therapy, or vasoactive drugs during ICU
hospitalization; and complications including ventilator-
associated pneumonitis, urinary tract infection, diabetic
ketone acidosis, and acute myocardial infarction. We only
extracted laboratory test results generated within the first
24 hours after ICU admission and the maximum value (max)
and minimum value (min) during ICU stay period.

Outcomes

The primary outcome in the present study was the all-cause
death within 28 days after ICU admission. The secondary
outcomes included the number of ventilation-free days
within 28 days after ICU admission, the number of days
of vasopressors, the maximum dose of norepinephrine,
the volume of fluid injected in the first, second and
third day after ICU admission, the level of serum lactate,
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Figure 1 Study flowchart. MODS, multiple organ dysfunction syndrome; MIMIC-III, Medical Information Mart for Intensive Care III;
SOFA, sequential organ failure assessment; ICU, intensive care unit; MICU, medical ICU; SICU, surgical ICU; CCU, critical care unit;

CSRU, cardiac surgery recovery unit; TTE, transthoracic echocardiography.

and the rate of creatinine decrease. For patients undergoing
TTE examination, the calculation of lactate and creatinine
decrease was performed as follows: the last test result before
TTE examination—the first test result 48 hours after TTE
examination; for patients who did not receive TTE, this
decrease was calculated as follows: the first test result after I[CU
admission—the result of the first test 48 hours after this test.

Statistical analysis

SPSS software (version 23.0, IBM Corp., Armonk, NY,
USA) was used to analyze extracted data. Continuous
variables are expressed as mean and SD, and comparison
between the two groups were conducted using independent-
sample #-tests. Categorical variables are expressed as
percentages (%), and comparison between the two groups
were conducted using the x* test. Multivariate regression
analysis was conducted to infer the risk factors associated
with the primary outcome. Double robust analysis was
conducted to investigate the correlation between the
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presence of a TTE check and patient outcomes. A gradient-
boosted model (GBM) was constructed to calculate the
propensity score (PS) of patients received TTE examination
to reduce the imbalance of variables between these two
groups. Weighted with PS, an inverse probabilities
weighting (IPW) model was constructed to generate a
weighted queue. A two-sided P value <0.05 indicated
statistical difference.

Results
General information

We finally extracted 13,844 patients with MODS from the
MIMIC-III database (Figure 1) and divided them into a
TTE group and a non-TTE group. There were 5,022 cases
(36.28%) in the T'TE group, 2,416 (48.10%) of whom were
female; and 8,822 cases (63.72%) in the non-TTE group,
4,129 (46.80%) of whom were female. Compared with non-
TTE group, the simplified acute physiological score (SAPS)
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score (20.07£5.28 vs. 17.97£5.33; t=22.364; P<0.001) and
SOFA score (5.98+3.41 vs. 4.60+2.78; t=25.818; P<0.001)
of patients in the TTE group were higher. The portion of
patients in the TTE group receiving mechanical ventilation
(59.00% vs. 40.00%) and vasopressors (32.40% vs. 16.10%)
was significantly higher than that in the non-TTE group.
These data suggested that patients in TTE group were
more severely ill than those in non-TTE group (1able 1).

Double robust analysis

The results of PS analysis on covariates are shown in
Figure 2, from which we can see the contribution of
different covariates to the PS score. The covariates that
contributed significantly to PS in this study included
chronic heart failure (CHF), creatine kinase (CK), troponin,
partial pressure of oxygen (PO,), and SOFA score, among
others. Accordingly, the difference between the TTE group
and the non-TTE group was standardized by IPW (15),
and the results are shown in 7able 1. Analyzing the matched
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cohort, we found that there are still some differences in
many parameters between the two groups of patients, but
the comparison results of some data were changed. For
example, the portion of CHF patients in the TTE group
was higher in the original cohort, while the portion of CHF
patients in the non-TTE group was higher in the new
cohort. Similar variables included SOFA score, mechanical
ventilation, the use of drugs that raise blood pressure, the
use of sedative drugs, the rate of atrial fibrillation (AFIB),
the rate of myocardial injury biomarkers detection, etc.

Endpoint analysis

Double robust analysis showed that the risk of death
within 28 hours after ICU admission in patients received
TTE (21.0%) was lower than that in the non-TTE group
(26.5%). The adjusted odds ratio (OR) value was 0.73 [95%
confidence interval (CI): 0.65-0.82; P<0.001]. Meantime,
three other models had similar results, further support that
TTE check could reducing the risk of 28-day mortality

Table 1 Comparison of characteristics between the original cohort and the adjusted (weighted) cohort

Covariate Nonecho Echo SMD (P&",\l (r)nnaetz:?ng) Ps riZT:hing) Ps ri:tlcl::)hing) d“i';s'(z/f)
N 8,822 5,022 3,395 3,395

Age (years) 64.04 (18.05)  66.24 (17.00) 0.125 66.82 (17.23) 65.27 (17.57) 0.089 0
Gender (female, %) 46.80 48.10 0.026 45.70 48.10 0.050 0
Service unit (MICU, %) 66.30 75.10 0.194 72.50 72.40 0.004 0
Weight (kg) 79.00 (26.16)  82.39 (25.77) 0.131 81.28 (29.47) 80.61 (23.57) 0.025 10.20
SAPS score 17.97 (5.33) 20.07 (5.28) 0.397 19.81 (5.29) 19.16 (5.13) 0.125 0
SOFA score 4.60 (2.78) 5.98 (3.41) 0.443 5.57 (3.30) 5.32 (3.13) 0.075 0
Elixhauser score 8.13(7.82) 11.53 (8.27) 0.422 10.48 (7.87) 10.22 (8.12) 0.032 0.30
Mechanical ventilation use 40.00 59.00 0.386 52.60 50.60 0.040 0
(first 24 hours, %)

Vasopressor use 16.10 32.40 0.387 26.70 25.30 0.032 0
(first 24 hours, %)

Sedative use (first 24 hours, %) 32.10 42.70 0.220 39.50 35.70 0.077 0
CHF (%) 14.30 39.30 0.590 29.90 26.20 0.081 0
AFIB (%) 16.90 31.50 0.346 27.20 25.50 0.038 0
Renal (%) 12.10 17.20 0.145 17.80 15.10 0.073 0
Liver (%) 10.50 9.80 0.022 11.20 9.90 0.041 0
COPD (%) 11.50 16.20 0.137 16.00 13.80 0.062 0

Table 1 (continued)

© Annals of Translational Medicine. All rights reserved.
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Table 1 (continued)
Covariate Nonecho Echo SMD (Pgl ;naetzmg) Ps ri:ghing) s riz/tlc?hing) d“ff(if)
CAD (%) 12.20 17.20 0.141 16.60 16.30 0.006 0
Stroke (%) 11.10 13.20 0.066 12.50 14.00 0.044 0
Malignancy (%) 26.50 21.60 0.114 23.60 22.80 0.020 0
Day of ICU admission (%) 0.149 0.058 0
Sunday 12.20 13.60 13.30 13.60
Monday 13.30 14.60 13.40 14.30
Tuesday 14.20 16.20 15.30 15.80
Wednesday 14.90 16.20 15.20 15.80
Thursday 15.20 15.40 15.10 14.90
Friday 17.20 12.90 14.60 14.10
Saturday 13.10 11.00 13.10 11.50
Hour of ICU admission 0.117 0.086 0
MAP (mmHg) 83.19(18.75)  81.09 (19.54)  0.110 81.75(19.74)  81.83(19.31) 0.004 0.40
Heart rate (beats per minute) ~ 89.34 (19.54)  93.10 (21.77)  0.182 91.93 (20.81)  91.99 (20.72) 0.003 0.40
Temperature (°C) 36.72(1.32)  36.75(1.64) 0.024 36.73 (1.47) 36.74 (1.47) 0.012 0.80
CVP (cmH,0) 11.01 (13.20) 13.75(21.32)  0.155 11.41 (11.36) 12.52 (18.93) 0.071 75.50
WBC (x10°% 12.06 (14.42)  13.13(13.68)  0.077 12.92 (14.24) 12.95 (14.59) 0.002 4.50
Hb (g/L) 10.87 (2.01)  10.73 (2.06) 0.067 10.72 (2.04) 10.80 (2.06) 0.039 4.40
PLT (x10°% 214.85(118.89) 210.25 (123.43) 0.038  213.76 (122.02) 212.50 (126.10) 0.010 4.40
Sodium (mmol/L) 138.98 (5.65) 138.58 (5.62)  0.069 138.92 (5.70) 138.62 (5.61) 0.053 3.10
Potassium (mmol/L) 4.10 (0.75) 4.17 (0.82) 0.092 4.17 (0.80) 4.13 (0.83) 0.048 2.90
Bicarbonate (mmHg) 23.14 (4.82)  22.76 (5.55) 0.072 22.88 (5.51) 22.77 (5.19) 0.019 3.40
Chloride (mmol/L) 105.69 (6.75) 104.92 (6.90)  0.112 105.25(7.05)  105.09 (6.84) 0.023 3.20
BUN (mmol/L) 27.09 (23.14)  34.05(26.00)  0.283 32.99 (26.10)  31.45 (24.97) 0.060 3.40
Lactate (mmol/L) 2.49 (2.23) 2.51 (2.31) 0.007 2.62 (2.36) 2.59 (2.48) 0.012 52.70
Creatinine (mmol/L) 1.46 (1.74) 1.82 (1.88) 0.198 1.76 (2.02) 1.73 (1.92) 0.013 3.30
PH 7.36 (0.10) 7.35(0.11) 0.129 7.35 (0.11) 7.35 (0.11) 0.053 42.50
PO, (mmHg) 153.13 (103.69) 135.10(96.84) 0.180  143.74 (105.67) 143.29 (100.91) 0.004 45.40
PCO, (mmHg) 41.60 (12.73)  42.76 (14.59)  0.084 4258 (14.48)  41.58 (13.73) 0.071 45.40
BNP (tested, %) 0.70 3.90 0.216 1.60 1.40 0.017 0
Troponin (tested, %) 14.90 40.90 0.604 32.00 29.50 0.054 0
Creatinine kinase (tested, %) 32.50 61.60 0.610 55.20 51.50 0.073 0

Continuous data are expressed as mean and SD. ICU, intensive care unit; SMD, standardized mean difference; PS, propensity score;
MICU, medical ICU; SAPS, simplified acute physiological score; SOFA, sequential organ failure score; CHF, chronic heart failure; AFIB,
atrial fibrillation; COPD, chronic obstructive pulmonary disease; CAD, coronary artery disease; MAP, mean arterial pressure; CVP, central
venous pressure; WBC, white blood cell; Hb, hemoglobin; PLT, platelet; PO,, partial pressure of oxygen; PCO,, partial pressure of carbon
dioxide; BUN, blood urea nitrogen; BNP, brain natriuretic peptide.
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Figure 2 Factors associated with TTE order. CHE, chronic heart failure; PO,, partial pressure of oxygen; SOFA, sequential organ failure

score; CVP, central venous pressure; ICU, intensive care unit; AFIB, atrial fibrillation; BNP, brain natriuretic peptide; BUN, blood urea

nitrogen; WBC, white blood cell; SAPS, simplified acute physiological score; PCO,, partial pressure of carbon dioxide; CAD, coronary

artery disease; COPD, chronic obstructive pulmonary disease; TTE, transthoracic echocardiography.

Table 2 Primary outcome analysis

Methods OR Cl (2.5%) Cl (97.5%) P value
Doubly robust with unbalanced covariates 0.72 0.58 0.90 <0.001
Doubly robust with all covariates 0.66 0.56 0.78 <0.001
PS (IPW) 0.86 0.81 0.91 <0.001
PS matching 0.73 0.65 0.82 <0.001
Multivariate 0.68 0.58 0.8 <0.001

OR, odds ratio; Cl, confidence interval; PS, propensity score; IPW, inverse probabilities weighting.

(Tuble 2). Analysis of the secondary outcomes revealed
that the time that patients received TTE group were
ventilation-free (20.87+23.55 vs. 19.55+12.15; P=0.003) or
vasopressors-free (21.87+13.46 vs. 20.36+12.28; P<0.001)
was significantly longer than that in the non-TTE group;
meanwhile the portion of patients used and the highest dose
of norepinephrine used in the TTE group were higher than
those in the non-TTE group, but the decrease in SOFA
on the second and third days and the 48-hour decrease in

serum lactic acid and serum creatinine were lower than

those in the TTE group (7able 3).

© Annals of Translational Medicine. All rights reserved.

Discussion

Through the mining and analysis of the MIMIC-III
database, we found the use of TTE for patients with MODS
to be associated with lower ICU mortality. In this study,
as a whole, the condition of patients undergoing TTE
examination was significantly worse than that of patients
who did not undergo TTE examination; furthermore, the
TTE group had a higher SAPS, SOFA, and Elixhauser
score, as well as a higher portion of patients receiving
mechanical ventilation, vasoactive drugs on the first day
after ICU admission, and sedative drugs. The portion
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Table 3 Secondary outcome in PS-matched cohorts

) P value Nonecho Echo SMD P value P value (doubly robust P value (doubly robust Nonecho Echo SMD P value
Covariate Nonecho Echo SMD L ) . ) . ) . . . )

(multivariate) (weighted cohort) (weighted cohort) (weighted cohort) (IPW) all covariates) unbalanced covariates) (PS matching) (PS matching) (PS matching) (PS matching)

N 8,822 5,022 13,369.42 12,469.67 3,395 3,395
Ventilation-free days in 21.99 (11.00) 19.54 (21.20) 0.145 0.051 20.90 (11.66) 20.91 (19.51) <0.001 0.988 0.091 0.355 19.55 (12.15) 20.87 (23.55) 0.071 0.003
28 days
Vasopressor-free days in 22.55 (11.06) 21.01 (13.65) 0.124 <0.001 21.55 (11.76) 22.09 (12.84) 0.044 0.026 <0.001 0.023 20.36 (12.28) 21.87 (13.46) 0.118 <0.001
28 days
Dobutamine use (%) 0.30 3.60 0.236 <0.001 0.60 2.30 0.144 <0.001 <0.001 <0.001 0.80 2.20 0.113 <0.001
IV fluid day 1 (mL) 1,273.85 (2,829.16) 1,977.87 (3,638.30) 0.216 0.212 1,402.99 (2,962.24)  1,686.90 (3,343.43) 0.090 <0.001 0.201 0.149 1,622.42 (3,251.36) 1,748.19 (3,461.69) 0.037 0.180
IV fluid day 2 (mL) 438.38 (2,120.60) 953.69 (2,724.98) 0.211 <0.001 516.57 (2,207.40) 827.67 (2,583.04) 0.129 <0.001 0.004 0.005 638.99 (2,290.85) 839.32 (2,660.75) 0.081 0.032
IV fluid day 3 (mL) 49.74 (2,018.70) 453.16 (2,483.46) 0.178 <0.001 103.94 (2,067.82) 414.27 (2,384.94) 0.139 <0.001 <0.001 0.001 183.17 (2,099.50) 409.03 (2,416.58) 0.100 0.052
SOFA reduction day 2 0.93 (3.63) 0.62 (3.01) 0.092 0.008 0.89 (3.88) 0.61 (2.83) 0.081 <0.001 0.089 0.121 0.87 (4.14) 0.57 (3.00) 0.084 <0.001
SOFA reduction day 3 1.15 (3.39) 0.82 (3.12) 0.100 <0.001 1.19 (3.58) 0.74 (2.94) 0.134 <0.001 <0.001 <0.001 1.25 (3.74) 0.70 (3.06) 0.159 <0.001
Norepinephrine (maximum 0.39 (1.75) 1.32 (4.80) 0.256 0.003 0.57 (2.15) 0.95 (3.81) 0.125 <0.001 <0.001 0.029 0.73 (2.40) 0.96 (2.98) 0.085 <0.001
dosage mg/min)
Serum lactate reduction 0.70 (2.41) 0.28 (1.89) 0.192 <0.001 0.69 (2.53) 0.20 (1.84) 0.221 <0.001 <0.001 0.001 0.68 (2.55) 0.22 (1.94) 0.201 0.318
(48 hours)
Serum creatinine reduction 0.16 (0.93) 0.13 (0.86) 0.037 0.032 0.16 (0.95) 0.12 (0.79) 0.050 0.020 0.085 0.124 0.19(1.17) 0.12 (0.81) 0.070 0.010
(48 hours)
Serum lactate reduction 0.64 (2.13) 0.17 (1.59) 0.246 <0.001 0.60 (2.22) 0.11 (1.54) 0.252 <0.001 <0.001 <0.001 0.57 (2.28) 0.13 (1.57) 0.225 0.283
(24 hours)
Serum creatinine reduction 0.11 (0.76) 0.05 (2.23) 0.038 0.077 0.11 (0.77) 0.05 (1.98) 0.038 0.050 0.152 0.171 0.13(0.99) 0.08 (0.66) 0.056 0.028

(24 hours)

Continuous data are expressed as mean and SD. SMD, standardized mean difference; IPW, inverse probabilities weighting; PS, propensity score; IV, intravenous; SOFA, sequential organ failure assessment.
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of patients in the TTE group with heart failure, AFIB,
decreased renal function, COPD, coronary heart disease,
and stroke was higher than that of the non-TTE group.
Moreover, there was a higher portion of patients in the
TTE group who were administered dopamine (7able 3),
and patients in the TTE group received more intravenous
(IV) fluids on the first, second, and third days after ICU
admission than did those in the non-TTE group (although
the difference between the first day and the third day was
not statistically significant). Additionally, the maximum
dose of norepinephrine in the TTE group was significantly
higher than that in the non-TTE group. The results of this
study were consistent with those of other studies (16,18).
MODS mainly affects the heart, lungs, liver, and
kidneys. A decline in the function of these organs can lead
to secondary changes in the functions of other organs.
After the primary factors are corrected in a short period of
time, most of the organ functions can be restored (4,19).
Once the secondary decline of organ function precipitates
substantial damage, the restoration of organ function
becomes exceedingly challenging (20). Timely evaluation
of the structural and functional changes of the primary
organs and secondary organs is critical for assessing
the patient’s condition and prognosis. Furthermore, a
differential diagnosis can be completed to determine
whether the damage of the target organ is primary or
secondary (21). Heart failure is the most common cause
of death in most patients with MODS. Timely assessment
of the structure and function of the heart is thus essential
for identifying those patients with decreased cardiac
function and for guiding clinical decision-making (22).
Cardiac ultrasonography can be divided into TTE and
TEE. Although the latter can more clearly show the
structure of the heart and more precisely measure heart
function, its operation is more complicated, and for MODS
patients especially, the risk posed by TEE examination
is significantly increased. Therefore, in clinical practice,
doctors often choose TTE to examine patients (10). The
results of this study support ICU doctors performing
TTE examinations on patients. It should be noted that
when considering the TTE examination of patients, the
indications of TTE need to be fully considered, and not all
patients should undergo TTE examination. The indications
recommended by the current guidelines mainly include
sudden decline in cardiac function, structural changes in
the original heart, and suspected acute changes in cardiac
structure (such as heart rupture, papillary muscle rupture,
paravalvular leakage, heart and large vessel thrombosis,
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etc.) (23). Therefore, if the MODS does not largely involve
the heart or if there is no evidence to suggest changes in the
heart structure or thrombosis, active T'TE examinations are
not recommended. Moreover, study has shown that for most
patients, T'TE can provide a sufficient amount information
for disease identification and assessment (24). Finally, once
the patient has indications for TTE, immediate use of TTE
is recommended.

Owing to the advances made in medical science and
technology, there is a wide array of assessment methods
available for use in clinical practice. Ultrasound examination
is a noninvasive, convenient, real-time, intuitive, low-
cost, and relatively accurate method, and as such, offers
a broad range of clinical applications, especially for
important organs such as the heart, liver, and kidneys. A
detailed examination can provide doctors with the required
information for evaluating a given condition and for making
clinical decisions. However, an excess of information does
not change or improve the accuracy of evaluation, nor
does it better inform decision-making. On the contrary, it
may prolong treatment time, increase medical costs, waste
medical resources, and affect other patients who require
timely examination (25,26). Therefore, researchers have
paid greater attention to rational selection of inspection
methods. The results of this study suggest that, for patients
with MODS in the ICU, TTE can be used to assess the
changes in these patients’ cardiac structure and function
according to their specific conditions, which may provide
reasonable and timely treatment based on the examination
results. Our results show that timely TTE examination may
be associated with the selection of suitable treatment. Heart
function is closely related to blood pressure changes, the
use of vasoactive drugs, and IV fluid infusion. According
to the results of TTE, doctors can more accurately
determine the time and dosage of vasoactive drugs and
can also avoid the under- or overprovision of IV fluid
infusion. This is important because an excess of fluid input
can further increase the burden on the heart and lungs,
while insufficient fluid input may be an impediment to
maintaining blood pressure and peripheral tissue perfusion.

Some limitations of this study should be noted. As
mentioned above, the two commonly used examination
methods for cardiac ultrasound are TTE and TEE.
Although we failed to compare the significance of these two
methods for patients with MODS, we did find that TEE
has more stringent indications. Therefore, future studies
can conduct randomized controlled studies for patients who
simultaneously meet the indications of TTE and TEE so
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as to further explore which method of cardiac ultrasound
examination is better for MODS patients. Moreover, as
this study was based on the MIMIC-III database, it was a
retrospective study of real-world data; a large number of
cases were excluded because they did not meet the inclusion
criteria, which might have led to the introduction of
selection bias.
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