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Abstract: Background: Veno-arterial extracorporeal membrane oxygenation (VA-ECMO) is vital for stabilizing patients 
with severe cardiac and pulmonary failure. Effective management requires precise monitoring of organ perfusion 
and systemic physiologic status. Near-infrared spectroscopy (NIRS) and ultrasound (US) are emerging as key meth-
ods of assessment, but their combined utility remains underexplored in VA-ECMO patients. Methods: A retrospective 
analysis was conducted on 267 patients who received VA-ECMO between June 2018 and July 2023. Patients were 
divided into two groups based on weaning success, defined as survival for more than 48 hours post-weaning with 
improved cardiac function. Weaning trials involved incremental reductions in VA-ECMO flow, monitored by mean 
arterial pressure and other clinical measurements. Data including demographics, clinical scores [Glasgow Coma 
Scale (GCS), Acute Physiology and Chronic Health Evaluation II (APACHE II), Sequential Organ Failure Assessment 
(SOFA)], blood gas indicators, and NIRS and US metrics were collected and analyzed. Results: Significant differences 
were observed in cerebral regional oxygen saturation (rSO2) dynamics and echocardiographic parameters between 
the groups. The successful group demonstrated higher maximal ΔrSO2 (29.57% ± 13.77) than the failure group 
(25.86% ± 6.39, P = 0.003) and a lower minimal rSO2 (40.67% ± 15.87 vs. 43.9% ± 4.27, P = 0.010). Post-ECMO, 
the successful group exhibited a higher cardiac index (CI, 2.47 L/min/m2 ± 0.74) compared to the failure group 
(2.26 L/min/m2 ± 0.61, P = 0.018). Pre-weaning, the successful group displayed lower left ventricular ejection frac-
tion (LVEF, 32.06% ± 4.64) versus the failure group (34.55% ± 8.45, P = 0.016), yet post-weaning, it was higher 
(33.46% ± 4.85) than in the failure group (31.28% ± 7.37, P = 0.017). Additionally, the left ventricular outflow tract 
velocity-time integral (LVOT-VTI) pre-weaning was significantly lower in the successful group (14.95 cm ± 2.98) com-
pared to the failure group (17.35 cm ± 7.22, P = 0.006). Conclusion: NIRS and US were found to beconsistent and 
complementary modalities for assessing perfusion and cardiac function in VA-ECMO patients.
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Introduction

Veno-arterial extracorporeal membrane oxy-
genation (VA-ECMO) serves as a crucial life-
support modality for patients experiencing 
severe cardiac and pulmonary failure, offering 
temporary stabilization by facilitating gas ex- 
change and cardiac output [1]. While it provides 
critical support, VA-ECMO is not curative and 
poses significant risks, including complications 
due to hemodynamic fluctuations and organ 
perfusion inadequacies [2]. An essential com-
ponent of successful VA-ECMO management is 
the accurate monitoring of organ perfusion and 

systemic physiologic status, which influences 
patient outcome and informs weaning strate-
gies [3]. This demands the integration of reli-
able, precise, and minimally invasive monitoring 
techniques in clinical practice [4].

Near-infrared spectroscopy (NIRS) and ultra-
sound (US) have emerged as promising tools in 
this arena, capable of assessing cerebral and 
systemic perfusion, respectively [5]. Research 
highlights that the use of VA-ECMO can lead to 
hypoxic blood being delivered to the brain, coro-
nary arteries, and upper limbs, thereby increas-
ing the risk of ischemic injury in these areas. 
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NIRS can be used to monitor regional oxygen-
ation in the brain and tissues of patients under-
going VA-ECMO [6]. NIRS, a non-invasive modal-
ity, measures regional hemoglobin oxygen satu-
ration (rSO2), providing real-time data on cere-
bral oxygenation and perfusion dynamics [7]. 
Near-infrared spectroscopy may be a useful 
tool for monitoring hemodynamic stability dur-
ing the early period of ECMO, while cerebral 
rSO2 can predict in-hospital mortality after 
ECMO [8]. Given the brain’s sensitivity to hypox-
ic conditions, NIRS can offer critical insight into 
cerebral perfusion adequacy and potential sys-
temic perfusion challenges [9].

On the other hand, cardiac function determines 
circulatory dynamics, and parameters mea-
sured by US directly reflect cardiac pumping 
ability, guiding doctors in choosing the opti- 
mal timing for weaning from ECMO [10, 11]. 
Echocardiographic parameters could track the 
resolution of inadequate systemic perfusion 
and myocardial recovery, identifying patients 
who could successfully be weaned off ECMO 
[12]. US has been extensively used to evaluate 
cardiac function and hemodynamics, offering 
parameters such as left ventricular ejection 
fraction (LVEF), velocity-time integral (VTI), and 
cardiac index (CI), which are essential for 
assessing cardiac output and peripheral per- 
fusion status [13, 14]. For instance, success- 
ful weaning patients have been shown to have 
lower LVEF compared to those who were not 
successfully weaned [15]. These measure-
ments are particularly relevant in the VA-ECMO 
context, where cardiac output may fluctuate 
and affect systemic organ perfusion [16]. 

Currently, there have been numerous studies 
on the application of NIRS in monitoring cere-
bral oxygenation and US in assessing cardiac 
function. However, few studies have evaluated 
the combined use of both methods to assess 
perfusion in VA-ECMO patients. This study 
builds on this foundation, revealing significant 
differences in the indicators of both methods 
concerning successful versus unsuccessful 
weaning. This further clarifies the value of  
their combined reflection of the patient’s  
overall perfusion status, providing strong evi-
dence for clinical judgment on the timing of 
weaning. This has significant implications for 
improving the management of VA-ECMO pa- 
tients.

Materials and methods

Ethics statement

The Institutional Review Board and Ethics 
Committee of our institution approved this 
study. Informed consent was waived because 
the research was retrospective and relied sole-
ly on deidentified patient data, ensuring no 
potential harm or impact on patient care. This 
waiver was granted in accordance with the reg-
ulatory and ethical guidelines governing retro-
spective research studies.

Study design

A retrospective analysis was performed on 267 
patients who underwent VA-ECMO and were 
assessed using NIRS and US at our hospital 
between June 2018 and July 2023. Patients 
were categorized into two groups based on 
their ability to successfully wean from VA- 
ECMO. Successful weaning was defined as sur-
vival for more than 48 hours post-weaning, 
accompanied by improved cardiac function. 
Patients meeting the criteria for weaning 
(hemodynamic stability) underwent a weaning 
trial, during which the VA-ECMO flow was gradu-
ally decreased by 0.5 to 1.0 L/min increments. 
Patients were monitored for 15 minutes after 
each adjustment. If the mean arterial pressure 
(MAP) fell below 60 mmHg, the weaning trial 
was deemed unsuccessful. Weaning failure 
was also defined as not surviving for more than 
48 hours post-weaning. Patients who success-
fully weaned (n = 189) were designated the 
successful group, while those who failed to 
wean (n = 78) comprised the failure group.

Inclusion and exclusion criteria

Inclusion criteria: successful implantation of 
VA-ECMO, aged 18 years or older, received 
VA-ECMO support for a minimum of 24 hours, 
and underwent NIRS and US monitoring during 
treatment. Additionally, only patients with com-
plete and non-missing medical records were 
considered.

Exclusion criteria: Participants were excluded if 
they had a terminal malignancy, irreversible 
neurological injury, were pregnant or lactating, 
or had complications such as pneumothorax or 
congenital heart disease.
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Data collection

Patient data, including general information, 
VA-ECMO indications, VA-ECMO parameters, 
blood gas indicators, and results from NIRS 
and US assessments, were collected by the 
medical record system. The Glasgow Coma 
Scale (GCS) was employed to evaluate pa- 
tients’ level of consciousness prior to intuba-
tion. The GCS assesses three components: eye 
opening response, verbal response, and motor 
response. The total score is the sum of these 
components. A score of 15 signifies full con-
sciousness; scores between 13 and 15 indi-
cate mild impairment; scores between 9 and 
12 suggest moderate impairment; scores 
between 3 and 8 reflect severe impairment or 
coma; and a score below 3 may indicate brain 
death. Lower scores denote more severe levels 
of unconsciousness, whereas higher scores 
represent better levels of consciousness. The 
Cronbach’s α coefficient for the GCS was  
0.78, indicating acceptable reliability [17]. The 
Acute Physiology and Chronic Health Evalu- 
ation (APACHE II) score was utilized to assess 
patients’ health status on the first day of 
VA-ECMO treatment. The APACHE II score com-
prises three components: the acute physiologi-
cal score (APS), the age score, and the chronic 
health score. The overall APACHE II score is the 
sum of these components, with higher scores 
indicating more severe illness. The Cronbach’s 
α coefficient for the APACHE II score was 0.76, 
reflecting an acceptable level of reliability [18]. 
The Sequential Organ Failure Assessment 
(SOFA) score was employed to evaluate the 
function of various organ systems during 
VA-ECMO treatment. This score assesses six 
organ systems: respiratory, cardiovascular, he- 
patic, renal, central nervous, and coagulation. 
The Cronbach’s α coefficient for the SOFA score 
was 0.81, indicating good reliability [19].

Measurement of blood gas data

Upon admission, 5 mL of fasting arterial blood 
was collected from patients in the early morn-
ing. Blood gas data were measured using a 
blood gas analyzer (model ABL9, Suzhou 
Ledumei Medical Technology Co., Ltd.). The 
recorded data included pH, partial pressure  
of carbon dioxide (pCO2), Bicarbonate levels 
(pHCO3), partial pressure of oxygen (pO2), and 
O2 saturation. The collection was under aseptic 
conditions.

NIRS assessment method

Cerebral NIRS was utilized for all patients 
undergoing VA-ECMO. Cerebral oximetry mea-
surements were conducted using the INVOS 
monitor (INVOS-5100C; Covidien; Mansfield, 
USA). Hourly regional hemoglobin oxygen satu-
ration (rSO2) values were collected in the ICU, 
beginning at the time of VA-ECMO cannulation. 
Data were simultaneously gathered for bilateral 
frontal cerebral rSO2 using sensors placed on 
the forehead. For all patients, the data collect-
ed during the first seven days of VA-ECMO can-
nulation, or until cannulation ended if earlier, 
were recorded for analysis.

US assessment method

Echocardiographic examinations were conduct-
ed on all patients using a Mindray M9 US  
diagnostic system (Shenzhen Mindray Bio-
Medical Electronics Co., Ltd.) equipped with a 
1.0-5.0 MHz trans-thoracic US probe (model 
SP5-1s). The following parameters were record-
ed before treatment and on the third day of 
treatment: velocity-time integral variation index 
(ΔVTI), respiratory variation index (ΔRVI), cen-
tral venous pressure (CVP), heart rate (HR), and 
CI. Additionally, LVEF, left ventricular outflow 
tract velocity-time integral (LVOT-VTI), and the 
velocity of the mitral annulus in systole (LatSa) 
were recorded both before weaning and within 
12 hours post-weaning.

Statistical analysis

Data analysis was performed using SPSS 29.0 
statistical software (SPSS Inc, Chicago, IL, 
USA). Categorical variables were expressed in 
the form of [n (%)] and analyzed using the  
chi-square test. The Shapiro-Wilk method was 
used to test the normality of continuous vari-
ables. For normally distributed continuous vari-
ables, data were presented as (Mean ± SD)  
and analyzed using the t-test with adjusted vari-
ance. A two-sided P < 0.05 was considered 
significant.

Results

Basic data

The mean age for the success and failure 
groups was 65.63 ± 8.43 years and 66.47 ± 
8.13 years, respectively (P = 0.459) (Table 1). 
Gender distribution was similar, with females 
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Table 1. Comparison of general information between the two groups
Successful group (n = 189) Failure group (n = 78) t/x2 P

Age (years) 65.63 ± 8.43 66.47 ± 8.13 0.741 0.459
Female/Male 83 (43.92%)/106 (56.08%) 33 (42.31%)/45 (57.69%) 0.058 0.810
Body Mass Index (kg/m2) 23.63 ± 2.42 24.13 ± 2.59 1.504 0.134
Smoking history 19 (10.05%) 8 (10.26%) 0.003 0.960
Drinking history 15 (7.94%) 7 (8.97%) 0.079 0.779
Hypertension 128 (67.72%) 49 (62.82%) 0.594 0.441
Hyperlipidemia 85 (44.97%) 33 (42.31%) 0.159 0.690
Diabetes 70 (37.04%) 26 (33.33%) 0.329 0.566
Ischemic Stroke 15 (7.94%) 8 (10.26%) 0.377 0.539
Intracranial Hemorrhage 0 (0%) 2 (2.56%) 2.043 0.153
Atrial Fibrillation 41 (21.69%) 23 (29.49%) 1.840 0.175
Educational level (high school or below/college or above) 24 (12.7%)/165 (87.3%) 12 (15.38%)/66 (84.62%) 0.342 0.559
Marital Status (Single/Married/Divorced) 68 (35.98%)/117 (61.9%)/4 (2.12%) 29 (37.18%)/46 (58.97%)/3 (3.85%) 0.730 0.694
Mechanical ventilation support time (h) 176.25 ± 19.43 181.65 ± 32.56 1.367 0.175
GCS 15.76 ± 3.64 16.45 ± 2.23 1.879 0.062
GCS: Glasgow coma scale immediately before cannulation.
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comprising 43.92% of the successful group 
and 42.31% of the failure group (P = 0.810). 
The body mass index was comparable between 
the groups (success: 23.63 ± 2.42 kg/m2; fail-
ure: 24.13 ± 2.59 kg/m2; P = 0.134). No signifi-
cant differences were observed in smoking his-
tory (P = 0.960), drinking history (P = 0.779), 
hypertension (P = 0.441), hyperlipidemia (P = 
0.690), diabetes (P = 0.566), ischemic stroke 
(P = 0.539), or intracranial hemorrhage (P = 
0.153). The prevalence of atrial fibrillation was 
21.69% in the successful group and 29.49% in 
the failure group (P = 0.175). Educational levels 
(P = 0.559) and marital status (P = 0.694) were 
similar between groups. Mechanical ventilation 
support times were 176.25 ± 19.43 hours for 
the success group and 181.65 ± 32.56 hours 
for the failure group (P = 0.175). Finally, the 
GCS scores were 15.76 ± 3.64 for the success-
ful group and 16.45 ± 2.23 for the failure group 
(P = 0.062). Overall, the baseline characteris-
tics between groups did not show statistical 
significance, suggesting homogeneity in the 
evaluated data.

VA-ECMO

The incidence of post-cardiotomy shock was 
4.76% in the successful group and 6.41% in the 
failure group (P = 0.804) (Table 2). Cardiogenic 
shock was noted in 20.63% of the success-
fulgroup and 11.54% of the failure group (P = 
0.078), while extracorporeal cardiopulmonary 
resuscitation (ECPR) was recorded in 14.29% 
and 23.08% of the successful and failure 
groups, respectively (P = 0.081). The incidence 

of cardiac arrest, although slightly higher  
in the failure group at 2.56%, compared to  
0% in the successful group, was not significant 
(P = 0.153). Acute myocardial infarction 
occurred in 9.52% of the successful group 
8.97% of the failure group (P = 0.889). Arr- 
hythmias affected 15.87% of the successful 
group and 8.97% of the failure group (P = 
0.138). Acute cardiopulmonary decompensa-
tion was observed in 7.94% of the successful 
group and 14.1% of the failure group (P = 
0.122). Decompensation, pulmonary hyperten-
sion/respiratory insufficiency, and other indica-
tions were similarly distributed between groups, 
with no significant differences (P > 0.05 for all). 
The observed similarities in VA-ECMO indica-
tions suggest a comparable baseline presenta-
tion across both patient groups.

The duration of VA-ECMO support was si- 
milar, with the successful group at 6.37 ± 1.45 
days and the failure group at 6.65 ± 1.65 days 
(P = 0.164) (Table 3). The SOFA score on 
VA-ECMO initiation was 13.79 ± 2.67 for the 
successful group versus 14.35 ± 3.63 for the 
failure group (P = 0.219). The APACHE II score 
on day one of VA-ECMO support showed no sig-
nificant difference, with scores of 24.87 ± 6.28 
for the successful group and 26.21 ± 6.25 for 
the failure group (P = 0.115). Central cannula-
tion was performed in 38.62% of the success-
ful group and 43.59% of the failure group (P = 
0.452). Lastly, the VA-ECMO flow rates were 
3.87 ± 0.58 LPM in the successful group and 
4.01 ± 0.67 LPM in the failure group (P = 
0.087). These findings suggest a comparable 

Table 2. Comparison of VA-ECMO indication between the two groups of patients before and after 
intervention

Successful group 
(n = 189)

Failure group  
(n = 78) x2 P

Post-Cardiotomy Shock 9 (4.76%) 5 (6.41%) 0.061 0.804
Cardiogenic Shock 39 (20.63%) 9 (11.54%) 3.098 0.078
ECPR 27 (14.29%) 18 (23.08%) 3.045 0.081
Cardiac arrest 0 (0%) 2 (2.56%) 2.043 0.153
Acute myocardial infarction 18 (9.52%) 7 (8.97%) 0.020 0.889
Arrhythmia 30 (15.87%) 7 (8.97%) 2.201 0.138
Acute Cardiopulmonary 15 (7.94%) 11 (14.1%) 2.388 0.122
Decompensation 15 (7.94%) 7 (8.97%) 0.079 0.779
Pulmonary Hypertension/Respiratory Insufficiency 17 (8.99%) 8 (10.26%) 0.104 0.748
Other 19 (10.05%) 4 (5.13%) 1.701 0.192
VA-ECMO: Veno-arterial extracorporeal membrane oxygenation; ECPR: extracorporeal cardiopulmonary resuscitation.
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application of VA-ECMO variables between the 
groups.

Blood gas indicators

The pH levels were 7.5 ± 0.75 in the successful 
group and 7.42 ± 0.54 in the failure group (P = 
0.326). Partial pressure of carbon dioxide 
(pCO2) measured 41.74 ± 7.39 mmHg for the 
successful group and 43.13 ± 7.55 mmHg for 
the failure group (P = 0.165) (Figure 1). 
Bicarbonate levels (pHCO3) averaged 19.65 ± 
4.27 mmHg in the successful group, compared 
to 18.43 ± 6.35 mmHg in the failure group (P = 
0.124). The partial pressure of oxygen (pO2) 
was 149.75 ± 50.66 mmHg in the successful 
group and 144.67 ± 46.25 mmHg in the failure 
group (P = 0.445). Oxygen saturation levels 
were similar, with the successful group at 
98.54 ± 4.67% and the failure group at  
97.45 ± 4.25% (P = 0.078). Overall, the blood 
gas indicators showed no significant differ- 
ences between the two groups, indicating con-

sistency in these data regardless of the 
outcome.

Results of NIRS assessment

Baseline rSO2 was similar between groups, with 
the successful group at 55.25 ± 13.56% and 
the failure group at 57.13 ± 5.87% (P = 0.115), 
indicating no significant difference (Figure 2). 
However, the lowest rSO2 values recorded were 
significantly different between the groups, with 
the successful group at 40.67 ± 15.87% com-
pared to 43.9 ± 4.27% in the failure group (P = 
0.010). Moreover, the maximal difference in 
cortical oxygen tissue saturation (ΔrSO2) also 
showed a significant variation, with a mean of 
29.57 ± 13.77% in the successful group and 
25.86 ± 6.39% in the failure group (P = 0.003). 
These findings highlight significant differences 
in the minimal rSO2 levels and the variability of 
rSO2 between the two patient groups, suggest-
ing that rSO2 dynamics may be associated with 
outcomes in VA-ECMO patients.

Table 3. Comparison of VA-ECMO variables between two groups
Successful group (n = 189) Failure group (n = 78) t P

Duration of VA-ECMO Support (days) 6.37 ± 1.45 6.65 ± 1.65 1.395 0.164
SOFA score on VA-ECMO Day 13.79 ± 2.67 14.35 ± 3.63 1.236 0.219
APACHE II score on VA-ECMO Day 1 24.87 ± 6.28 26.21 ± 6.25 1.583 0.115
Central Cannulation 73 (38.62%) 34 (43.59%) 0.567 0.452
VA-ECMO Flow (LPM) 3.87 ± 0.58 4.01 ± 0.67 1.718 0.087
VA-ECMO: Veno-arterial extracorporeal membrane oxygenation; APACHE II: Acute Physiology and Chronic Health Evaluation II; 
SOFA: sequential organ failure assessment.

Figure 1. Comparison of blood gas indicators between two groups of diabetes patients. A: pH; B: Partial pressure of 
carbon dioxide (pCO2) (mmHg); C: Bicarbonate levels (pHCO3) (mmHg); D: Partial pressure of oxygen (pO2) (mmHg); 
E: O2 saturation (%).
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A drop of 20% from baseline was observed in 
65.08% of the successful group and 65.38% of 
the failure group, with no significant difference 
(P = 0.962) (Table 4). However, a drop of 25% 
from baseline was significantly more prevalent 
in the failure group (65.38%) compared to  
the successful group (46.56%) (P = 0.005). 
Although not statistically significant, a drop of 
30% from baseline occurred slightly more fre-
quently in the failure group (57.69%) than in  
the successful group (46.56%) (P = 0.098). The 
proportion of patients with a minimum rSO2 
below 40% was similar between groups (P = 
0.839). While the frequency of a minimum rSO2 
below 35% was higher in the failure group, this 
was not significant (P = 0.122). Notably, a mini-
mum rSO2 below 30% was significantly more 
common in the failure group (17.95%) than in 
the successful group (6.88%) (P = 0.006), as 
was a minimum rSO2 below 25%, found in 
15.38% of the failure group versus 6.88% of 
the successful group (P = 0.030). These results 
suggest that certain critical drops in rSO2 are 
more associated with failure, indicating their 
potential role as predictive markers.

Results of US assessment

The respiratory variation index (∆RVI) was 5.61 
± 1.23% in the successful group compared to 
5.87 ± 1.47% in the failure group (P = 0.148) 
(Figure 3). The velocity-time integral variation 

(P = 0.319). These echocardiographic parame-
ters suggest no significant pre-VA-ECMO hemo-
dynamic differences between the two groups.

The respiratory variation index (∆RVI) was sig-
nificantly lower in the successful group (5.33 ± 
0.78%) compared to the failure group (5.58 ± 
0.57%) (P = 0.004) (Figure 4). Similarly, the 
velocity-time integral variation index (∆VTI) was 
higher in the successful group (15.75 ± 2.43%) 
than in the failure group (14.24 ± 3.85%) (P = 
0.002). Central venous pressure (CVP) values 
were similar between groups, with 8.38 ± 1.86 
mmH2O in the successful group and 8.56 ± 1.9 
mmH2O in the failure group, showing no signifi-
cant difference (P = 0.468). Heart rate (HR) was 
also comparable, with the successful group at 
105.88 ± 11.77 bpm and the failure group at 
104.67 ± 14.67 bpm (P = 0.518). Notably, the 
CI was significantly higher in the successful 
group (2.47 ± 0.74 L/(min·m2)) compared to  
the failure group (2.26 ± 0.61 L/(min·m2))  
(P = 0.018). These findings suggest that spe-
cific changes in echocardiographic parameters 
post-VA-ECMO may be indicative of patient out-
comes, with higher ∆VTI and CI associated with 
success.

The LVEF was significantly lower in the success-
ful group (32.06 ± 4.64%) compared to the fail-
ure group (34.55 ± 8.45%) (P = 0.016) (Table 
5). The left ventricular outflow tract velocity 

Figure 2. Comparison of rSO2 content between two groups. A: Baseline rSO2 
(%); B: Lowest rSO2 (%); C: ΔrSO2 (%). rSO2: cerebral regional oxygen satura-
tion; ΔrSO2: maximal diference between right and left cortical oxygen tissue 
saturation.

index (∆VTI) did not differ  
significantly, with values of 
8.26 ± 1.78% for the success-
ful group and 7.84 ± 2.22% 
for the failure group (P = 
0.145). Central venous pres-
sure (CVP) was 5.62 ± 2.67 
mmH2O in the successful gr- 
oup and 5.94 ± 2.17 mmH2O 
in the failure group (P = 
0.309). Heart rate (HR) was 
also comparable between gr- 
oups, with means of 138.75 ± 
13.77 bpm and 139.67 ± 
12.97 bpm for the successful 
and failure groups, respec-
tively (P = 0.614). The CI sh- 
owed no significant differ-
ence, recorded at 1.78 ± 0.43 
L/(min·m2) in the successful 
group and 1.85 ± 0.56 L/
(min·m2) in the failure group  
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time integral (LVOT-VTI) was also significantly 
lower in the successful group (14.95 ± 2.98 

cm) than in the failure group (17.35 ± 7.22 cm) 
(P = 0.006). Additionally, the velocity of the 

Table 4. Comparison of rSO2 cutoff values between two groups
Successful group (n = 189) Failure group (n = 78) x2 P

Drop of 20% from Baseline 123 (65.08%) 51 (65.38%) 0.002 0.962
Drop of 25% from Baseline 88 (46.56%) 51 (65.38%) 7.839 0.005
Drop of 30% from Baseline 88 (46.56%) 45 (57.69%) 2.737 0.098
Minimum below 40% 75 (39.68%) 32 (41.03%) 0.041 0.839
Minimum below 35% 37 (19.58%) 22 (28.21%) 2.388 0.122
Minimum below 30% 13 (6.88%) 14 (17.95%) 7.444 0.006
Minimum below 25% 13 (6.88%) 12 (15.38%) 4.708 0.030
rSO2: cerebral regional oxygen saturation.

Figure 3. Comparison of echocardiographic parameters between the two groups (before VA-ECMO). A: ∆RVI (%); 
B: ∆VTI (%); C: CVP (mmH2O); D: HR (bpm); E: CI [L/(min·m2)]. ∆RVI: respiratory variation index; ∆VTI: velocity-time 
integral variation index; CVP: central venous pressure; HR: heart rate; CI: cardiac index.

Figure 4. Comparison of echocardiographic parameters between the two groups (after VA-ECMO). A: ∆RVI (%); B: 
∆VTI (%); C: CVP (mmH2O); D: HR (bpm); E: CI [L/(min·m2)]. ∆RVI: respiratory variation index; ∆VTI: velocity-time inte-
gral variation index; CVP: central venous pressure; HR: heart rate; CI: cardiac index.
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mitral annulus in systole (LatSa) was higher in 
the successful group (4.25 ± 1.32 cm/s) com-
pared to the failure group (3.84 ± 0.98 cm/s) (P 
= 0.005). These findings suggest that specific 
echocardiographic parameters, such as LVEF, 
LVOT-VTI, and LatSa, may be predictive of suc-
cessful weaning from VA-ECMO.

The LVEF was significantly higher in the suc-
cessful group (33.46 ± 4.85%) than in the fail-
ure group (31.28 ± 7.37%) (P = 0.017) (Table 6). 
Additionally, the left ventricular outflow tract 
velocity time integral (LVOT-VTI) was greater in 
the successful group (15.07 ± 1.55 cm) com-
pared to the failure group (14.52 ± 1.68 cm) (P 
= 0.011). The velocity of the mitral annulus in 
systole (LatSa) was also significantly higher in 
the successful group (6.16 ± 1.34 cm/s) com-
pared to the failure group (5.53 ± 1.76 cm/s) (P 
= 0.006). These results indicate that higher 
LVEF, LVOT-VTI, and LatSa values within 12 
hours post-weaning were associated with suc-
cessful weaning.

Discussion

In this study, we comprehensively examined the 
utility of NIRS and US assessments in veno-
arterial extracorporeal membrane oxygenation 
(VA-ECMO) patients, evaluating their ability to 
consistently assess organ and peripheral tis-
sue perfusion. VA-ECMO not only provides ade-
quate oxygen supply but also partially replaces 
cardiac function, increasing systemic blood 
perfusion and maintaining sufficient cardiac 
output (CO), which aids in the recovery of car-

diac function [20-22]. CO is a significant factor 
influencing cerebral blood flow (CBF). CBF 
depends on receiving a large portion of the 
blood pumped by the heart, and changes in CO 
can directly impact CBF [23]. The velocity of 
CBF and brain oxygenation are primarily associ-
ated with right ventricular function, indicating 
that rSO2 dynamics can serve as a reliable tool 
for assessing cardiac and cerebral function 
[24, 25]. There is a complex interaction be- 
tween brain oxygenation (rSO2 dynamics) after 
ECMO and cardiac function. By monitoring 
changes in rSO2 dynamics, we can gain deeper 
insight into the recovery of cardiac function, 
optimize ECMO treatment strategy, and provide 
a scientific basis for weaning decisions. This  
is crucial for improving patient outcome and 
reducing complications. 

Regional cerebral tissue rSO2, as one of the 
routine monitoring parameters, has been sh- 
own to be valuable in predicting mortality in 
pediatric ECMO patients in intensive care  
units, especially when rSO2 < 60% with signifi-
cant fluctuations [26]. Real-time monitoring of 
rSO2 can detect hypoxia early, typically before it 
becomes apparent through conventional inva-
sive hemodynamic monitoring, thereby allowing 
timely intervention to reduce organ damage 
[27]. This study found significant differences in 
the rSO2 metrics measured by NIRS between 
the successful and unsuccessful weaning 
groups. The unsuccessful group exhibited lower 
minimum rSO2 levels and higher ΔrSO2, sug-
gesting a close relationship between cerebral 
oxygenation and systemic perfusion. This may 

Table 5. Comparison of US data between two groups (pre-weaning)
Successful group (n = 189) Failure group (n = 78) t P

LVEF (%) 32.06 ± 4.64 34.55 ± 8.45 2.458 0.016
LVOT-VTI (cm) 14.95 ± 2.98 17.35 ± 7.22 2.835 0.006
LatSa (cm/s) 4.25 ± 1.32 3.84 ± 0.98 2.810 0.005
US: ultrasound; LVEF: left ventricular ejection fraction; LVOT-VTI: left ventricular outflow tract velocity time integral; LatSa: veloc-
ity of mitral annulus in systole.

Table 6. Comparison of US data between two groups (within 12 h post-weaning)
Successful group (n = 189) Failure group (n = 78) t P

LVEF (%) 33.46 ± 4.85 31.28 ± 7.37 2.415 0.017
LVOT-VTI (cm) 15.07 ± 1.55 14.52 ± 1.68 2.548 0.011
LatSa (cm/s) 6.16 ± 1.34 5.53 ± 1.76 2.820 0.006
US: ultrasound; LVEF: left ventricular ejection fraction; LVOT-VTI: left ventricular outflow tract velocity time integral; LatSa: veloc-
ity of mitral annulus in systole.
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be attributed to inadequate cardiac output or 
impaired autoregulatory mechanisms [28, 29]. 
Monitoring rSO2 can help improve the success 
rate of weaning and reduce the occurrence of 
complications. This helps improve weaning suc-
cess rate and reduce complications.

Consistent with the NIRS data, our US assess-
ments highlighted key differences in cardiac 
and hemodynamic parameters between the 
two groups. The lower CI and LVEF recorded 
within the failure cohort post-VA-ECMO suggest 
that these patients were unable to generate 
adequate cardiac output, a factor crucial for 
maintaining systemic and cerebral perfusion 
[30, 31]. LVEF values in the successful weaning 
group were significantly higher than those in 
the failure weaning group, suggesting that high-
er LVEF was an important factor in predicting 
successful weaning of ECMO [32, 33]. In addi-
tion, the elevated respiratory variation index 
(ΔRVI) and reduced velocity-time integral varia-
tion index (ΔVTI) seen post-VA-ECMO in the fail-
ure group further affirm that respiratory and 
cardiac performance are less optimized in 
these patients.

Echo parameters such as LVOT-VTI and LatSa 
pre-and post-weaning provide additional in- 
sight into cardiac function during the weaning 
phase. These parameters are indicative of left 
ventricular outflow and mitral annular move-
ment, respectively, and reflect systolic function 
[34, 35]. The failure group’s significantly lower 
values suggest ongoing myocardial impairment 
or stress that prevents them from achieving 
hemodynamic stability off ECMO support [36]. 
As previous research has shown, when LVOT 
VTI exceeds 12.3 cm, it correlates positively 
with free survival after ECMO weaning. This 
suggests that LVOT-VTI is not only an effective 
tool for assessing left ventricular systolic func-
tion but also an important parameter for deter-
mining whether it is safe to discontinue ECMO 
support [37].

Blood gas analysis, while not demonstrative of 
significant differences between the groups 
regarding standard parameters like pH, pCO2, 
pO2, and pHCO3, still offers valuable informa-
tion. These indicators remained relatively sta-
ble, suggesting that while they are essential for 
physiological monitoring, they may not be suffi-
ciently sensitive predictors of weaning, com-
pared to dynamic metrics like NIRS and echo-

cardiographic variables [38, 39]. The minimal 
but observed differences in oxygen saturation 
(between 98% in successes and 97% in fail-
ures) hint at subtle differences in oxygen de- 
livery or utilization efficiency that might be- 
come more pronounced during the stress of 
weaning.

From a clinical perspective, these findings 
underscore the importance of comprehensive, 
multimodal monitoring of ECMO patients. The 
integration of NIRS and US presents a syner- 
gistic approach, allowing clinicians to gain a 
more holistic picture of a patient’s physiologic 
status [40]. Real-time feedback on perfusion 
and cardiac function could better inform inter-
ventions aimed at optimizing patient stability, 
thus enabling more effective weaning strate-
gies [41]. For instance, clinicians might priori-
tize interventions that target cardiac function 
improvement if US parameters consistently 
indicate suboptimal CI or ejection fraction.

In this study, a single-center retrospective 
study design was adopted, which has certain 
limitations. Since the data were extracted from 
existing medical records, there may have been 
selection bias. Additionally, the results of a sin-
gle-center study are limited to a specific region, 
and the sample may lack representativeness 
due to patient individual differences (underly-
ing diseases, age, etc.), differences in treat-
ment processes (medications, ventilation set-
tings, etc.), and healthcare environment fac- 
tors (resource availability, medical staff profi-
ciency). These possible confounding factors 
may have interfered with the association 
between NIRS, US indicators, and successful 
weaning from ECMO. For future studies, it is 
recommended to conduct prospective cohort 
studies or multicenter randomized controlled 
trials (RCTs), using randomization to control  
for confounding factors and increasing the 
sample size to enhance the reliability and sci-
entific rigor of the findings.

Conclusion

This study illuminates the complex interplay of 
cerebral oxygen saturation, cardiac function, 
and systemic perfusion in the context of 
VA-ECMO. It establishes the potential for NIRS 
and US as valuable tools in assessing these 
parameters, promising an enhanced frame-
work for patient management. Future research 
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should continue to refine these methods, 
ensuring that such technologies are leveraged 
to their fullest potential in critical care set- 
tings. This multi-faceted approach should con-
tribute to improving VA-ECMO outcome, mini-
mizing patient risk, and optimizing critical in- 
terventions.
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