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Abstract: Extracorporeal membrane oxygenation (ECMO) is one of the common invasive treatments
for the care of critically ill patients with heart failure, respiratory failure, or both. There are two
modes of ECMO, namely, veno-venous (VV) and veno-arterial (VA), which have different indications,
survival rates, and incidences of complications. This study’s aim was to examine whether depression
status differed between patients who had received VV-ECMO or VA-ECMO and had been discharged
from the hospital. This was a descriptive, cross-sectional, and correlational study of patients who had
been discharged from the hospital at least one month after receiving ECMO at a medical center in
northern Taiwan from June 2006 to June 2020 (N = 142). Participants were recruited via convenience
and quota sampling. Data were collected in the cardiovascular outpatient department between
October 2015-October 2016 (1 = 52) and September 2019-August 2020 (1 = 90). Participants completed
the Hospital Anxiety and Depression Scale-Depression (HADS-D) as a measure of depression status.
Post-discharge depression scores for patients who received VV-ECMO (n = 67) was significantly
higher (p = 0.018) compared with participants who received VA-ECMO (n = 75). In addition, the
mode of ECMO was a predictor of post-discharge depression (p = 0.008) for participants who received
VV-ECMO. This study concluded that patients who received VV-ECMO may require greater mental
health support. Healthcare professionals should establish a psychological clinical care pathway
evaluated by multiple healthcare professionals.

Keywords: cross-sectional design; extracorporeal membrane oxygenation; veno-arterial; veno-
venous; cardiac failure; respiratory failure; depression status; mental health support

1. Introduction

Extracorporeal membrane oxygenation (ECMO) is a common invasive treatment for
respiratory failure, cardiac failure, or both [1], and is a cardiopulmonary life-supportive
therapy rather than a disease-curing therapy. With the advancements of technology and
the quality of care in the intensive care unit (ICU), the number of patients receiving ECMO
has increased sharply in the past 10 years [2], as has the rate of survival.
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There are two modes of ECMO, which differ according to medical indications. The
Extracorporeal Life Support Organization (ESLO) recommends veno-arterial ECMO (VA-
ECMO) for patients with refractory cardiogenic shock due to acute myocardial infarction,
fulminant myocarditis, reactions to cardiotoxic drugs, end-stage dilated or ischemic car-
diomyopathy, hypothermia with refractory cardiocirculatory instability, massive pulmonary
embolism, or transplant acute cardiogenic shock [3]. During VA-ECMO, the ECMO cir-
cuit is connected in parallel to the heart and lungs, which allows blood to bypass both
organs and is returned to the arterial system via peripheral cannulation [3,4]. Indicators for
patients needing veno-venous ECMO (VV-ECMO) include severe, acute, reversible respira-
tory failure that is refractory to optimal medical management [5]. Venous cannulation is
performed singly through the right internal jugular vein or with double venous cannulas
placed in the common femoral vein and right internal jugular or femoral vein [4,5].

Both types of ECMO have their unique complications [1]. Bleeding complications were
reported to be greater for patients who receive VA-ECMO (68.5%) compared with those
who receive VV-ECMO (39.1%) [6], and the rate of hemolysis during therapy is significantly
higher for patients receiving VA-ECMO (4%) versus 2% for VV-ECMO (p < 0.001) [7].
Outcomes also differ with the mode of ECMO for the rate of survival to hospital discharge,
which is higher for VV-ECMO (63%) versus VA-ECMO (40%) [7]. Some of these differences
in outcomes may be due to the indication for treatment. VA-ECMO is indicated for cardiac
patients, who are at greater risk of death than patients with respiratory disease [8].

Psychological problems are common in patients with heart failure [9], acute respiratory
distress syndrome [10], and critical illness [11]. Depression is one of the most common psy-
chological problems, where it co-exists with chronic respiratory diseases [12], symptoms of
dyspnea [13], acute respiratory distress syndrome (ARDS) [13,14], and disorders of anxiety
and dementia [15]. Survivors of ARDS and patients with long periods of hospitalization
have high levels of depression, anxiety, and post-traumatic stress syndrome for up to
5 years following hospital discharge [16,17], which may be associated with increased levels
of medjiators of inflammation [12], ventromedial prefrontal cortex activity [18], changes in
components of the tryptophan—kynurenine metabolic response to inflammation [19], and
brain hypoxia with neuronal abnormalities [20]. A study showed that neuronal function
is highly sensitive to changes in oxygen levels, but how hypoxia affects dendritic spine
formation and synaptogenesis. Because synaptic transmission is a high-energy-consuming
process and neurons rely on oxygen to produce ATP, one possible mechanism whereby
neurons can avoid an energy crisis is by decreasing synaptic transmission through spine
regression [20].

Many patients experience constant depressive symptoms 1 year post-discharge fol-
lowing ECMO due to physical complications [21]. However, after discharge following
ECMO, patients often experience poorer quality of life than the general population, de-
lays in physical recovery, and a risk of psychological problems [21-23]. Many patients
experience constant depressive symptoms 1 year post-discharge following ECMO due to
physical complications [21]. Depression is a neurological illness with persistent symptoms,
which can interfere with an individual’s quality of life following discharge from ECMO [22].
Symptoms can include sadness, a decrease in activities one used to enjoy, changes in weight,
and difficulty sleeping, which can involve genetic, environmental, psychological, and bio-
chemical factors [24]. Long-term deficits and lower quality of life for patients following
ECMO compared with age-matched controls were reported for physical function [25-28].
The rate of depression following ECMO was reported to range from 42% [29] to as high as
50% [30]. Murphy et al. reported that patients who experienced a cardiac event continued
to have depressive symptoms 12 months after the event [31]; however, the study did not
compare rates of depression to the general population.

Depression not only affects social interactions and work but also reduces the motiva-
tion of patients to continue to do physical rehabilitation, preventing most patients from
returning to their original jobs [22]. Therefore, the inability to return to previous social and
work activities for patients who have survived ECMO and have been discharged from the
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hospital significantly impacts these patients’ mental health. Studies examined the impact
of ECMO for survivors following hospital discharge on physical status and overall quality
of life [26,27]. However, VA-ECMO and VV-ECMO differ in nature and, therefore, whether
differences in ECMO treatments affect the post-discharge life of patients, particularly re-
garding physical and psychological health status, are worthy of investigation. Thus, the
purpose of this study was to examine whether there were differences in depression status
following hospital discharge between patients who had received VA-ECMO and those who
received VA-ECMO.

2. Materials and Methods
2.1. Study Design

This study adopted a descriptive, cross-sectional, and correlational research design.

2.2. Participants and Setting

Participants were recruited via convenience and quota sampling. The sample com-
prised patients >20 years of age who had been discharged from the hospital at least one
month after receiving ECMO at a medical center in northern Taiwan from June 2006-June
2020. From September 2019-August 2020, attending doctors at the outpatient clinic of the
cardiovascular department provided the researchers with a list of 452 patients who had un-
dergone ECMO between May 2016 and June 2020; of these, 307 had died and three had not
yet been discharged from the hospital. The researchers reviewed the charts of the remaining
142 patients to determine whether they met the following inclusion criteria: (1) received
ECMO and had been discharged from the hospital; (2) age >20 years; and (3) received
a diagnosis requiring treatment with ECMO, such as cardiogenic shock related to heart
disease, acute respiratory distress syndrome induced by lung disease, and extracorporeal
cardio-pulmonary resuscitation (ECPR). Exclusion criteria for patients were difficulty with
verbal expression, cognitive dysfunction, or lower limb disability prior to ECMO. A total
of 104 patients met inclusion criteria; researchers were able to contact 97 of these patients.
During the phone call, the researchers introduced themselves and explained the design and
purpose of the study. A total of 90 patients agreed to participate (VA, n =75; VV, n = 15);
seven declined. An appointment was made at a time convenient to participants to meet at
the outpatient clinic of the cardiovascular department. The flowchart for the selection of
these 90 participants is shown in Figure 1.

To increase the amount of data for both modes of ECMO at a ratio close to 1:1, data
from patients who had received VV-ECMO (n = 52) between April 2006 and April 2016
were included. These data were collected between October 2015-October 2016 using the
same criteria as the 90 patients included in the analysis. A flowchart for the selection of
these 52 participants is shown in Figure 2.

2.3. Data Collection

All data were collected from medical charts and questionnaires through face-to-face
interviews after patients provided signed informed consent. The collection process was
identical for the 90 participants from 2019-2020 and the 52 participants from 2015-2016.

2.4. Measures
2.4.1. Demographic and Clinical Characteristics

Demographic data were collected using a survey questionnaire, which included gen-
der, age, employment status, workload since ECMO, and self-perceived health status.
Participants were asked whether their workload (work at home or their place of employ-
ment) since receiving ECMO was less, the same, or greater. Disease-related characteristics
were obtained from a review of the patient’s chart, which included the mode of ECMO;
disease severity, as indicated by the score on the Sequential Organ Failure Assessment
(SOFA); and length of hospitalization.
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2.4.2. Hospital Anxiety and Depression Scale

The outcome variable of post-discharge depression status was measured with the
subscale score on the Hospital Anxiety and Depression Scale (HADS-D) developed by
Zigmond and Snaith [32]. The depression subscale comprises seven items that are state-
ments about how frequently a participant has been feeling certain emotions over the past
week, which is scored on a 4-point Likert scale from 0 (not at all) to 3 (most of the time);
total scores range from 0-21 points, with higher scores indicating a greater frequency of
symptoms of depression. HADS-D scores of 0-7 suggest no depression, scores of 8-10
indicate possible symptoms of depression, and scores of 11 or greater indicate the presence
of depression. The scale has been applied in studies of other cardiopulmonary diseases,
with good internal consistency, test-retest reliability, and concurrent validity; Cronbach’s
alpha ranged from 0.7-0.85 [33,34]. This study used the Chinese version of the HADS-D,
developed by Wang et al. [35], which was shown to be a reliable and valid screening
instrument for the assessment of anxiety and depression in Chinese-speaking patients with
coronary heart disease, with a Cronbach’s alpha of 0.79. In this study, Cronbach’s alpha
was 0.66.

May 2016-June 2020
452 patients
(=20 years of age)

treated with ECMO

Notincluded, # =310; Deaths, n=307
+  VA-ECMO, n=231

'—‘{- VV-ECMO,n=75

»  VA+VV-ECMO, n=1
Notdischarged, n =3

L J

Discharged patients = 142
¢ VA-ECMO,n=110
¢ VV-ECMO,n =32
|
2019-2020

Excluded, =38

) * Missed, n=3 (VA, n=2; VV, n=1)

| Chartreview * Died post-discharge, n=9 (VA, n=5; VV, n=4)

* No contact information, n=16 (VA, n=9; VV, n=7)
» Medical dispute, =2, both VA

+ Met exclusion criteria, n=8 (VA, n=6; VV, n=2)

- ~

Phone contact

Met Inclusion criteria _( e Noresponse, n=7(VA, n=4;VV,n=3
Patients = 104 'L ¢ Declined to participate, n =7 (all VA)

l

4 N
Total participants

N=90
VA-ECMO, n=75
VV-ECMO. =15

. J

Figure 1. Flow chart of participant selection for data collected 2019-2020.

Data were analyzed with the statistical software package SPSS 22.0 for Windows. The
final analysis was conducted on data representing 142 patients who had received ECMO
(VA, n =75; VV, n = 67). Post hoc analysis showed that the power reached 0.98, which was
greater than the commonly recommended 0.80, and allowed for the detection of differences
exhibited by adult patients weaned from ECMO who survived to hospital discharge.
Differences in demographics, disease-related data, and post-discharge depression status
between VV-ECMO and VA-ECMO participants were analyzed with an independent t-test
and chi-squared test. Variables that might affect the post-discharge depression status
were identified with an independent t-test, one-way analysis of variance (ANOVA), and



Int. |. Environ. Res. Public Health 2022, 19, 3333 50f 15

Pearson’s correlation. Significant variables were entered into multiple regression analysis,
controlling for moderating variables for depression scores. Following input, “mode of
ECMO” was added to explore differences in depression status between the two modes,
under the control of moderating variables.

April 2006-April 2016
696 patients
=20 years
Treated with ECMO

v
Discharged patients =250
= 20 years of age

I ) Excluded, n =92
2015-2016 Chart review » Died post-discharge, n =51

» No contact information, n =25
» Did not meet inclusion criteria. =16

A

Met inclusion criteria Phone contact Refused to participate
Patients = 158 * n=14
Total participants
N=144 VA-ECMO,n=92

Participant data added
VV-ECMO, n =52

Figure 2. Flow chart of participant selection for data collected for VV-ECMO patients in 2015-2016.

2.5. Statistical Analysis
3. Results
3.1. Characteristics of Participants between Modes of ECMO

Characteristics of participants who received VV-ECMO and VA-ECMO are shown in
Table 1. Several demographic variables differed between groups: participants treated with
VA-ECMO were significantly older at the time of the survey (55.8 years + 12.2) compared
with those treated with VV-ECMO (50.3 £ 14.2 years, p = 0.015), and were more likely to be
unemployed (64.0% vs. 41.8%, respectively; p = 0.027). The number of comorbidities at the
time of the survey was also significantly greater for VA-ECMO (p = 0.016). Several clinical
characteristics differed significantly between participants who received VV- compared with
VA-ECMO: the SOFA score was higher (11.1 & 2.8 versus 9.0 = 2.6, respectively; p < 0.001);
the numbers of days on ECMO (10.6 & 9.5 versus 4.8 + 3.4, respectively; p < 0.001) and
mechanical ventilation (28.3 & 24.3 and 18.0 £ 19.6, respectively; p = 0.006, respectively)
were greater; and the number of days to hospital discharge was greater (p < 0.001). HADS-
D scores for participants treated with VV-ECMO (6.0 £ 3.7) were significantly higher
compared with VA-ECMO patients (4.4 &= 4.1, p = 0.018). Scores for the HADS-D suggested
the possibility of depression in 16.4% of VV-ECMO patients and 6.7% of VA-ECMO patients.
Scores for the HADS-D suggested the presence of depression in 12.9% of VV-ECMO patients
and 13.3% of VA-ECMO patients. The time of discharge from the hospital for participants
who received VV-ECMO did not differ significantly for mean HADS-D scores (p = 0.606).
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Table 1. Differences in characteristics of participants receiving veno-venous (VV) or veno-arterial (VA) extracorporeal life support (ECMO).
VV-ECMO ! (n = 67) VA-ECMO 2 (1 = 75) )
Variables n (%) Mean + SD 3 n (%) Mean + SD Ux g
Demographic characteristics at the time of treatment
Age, years 46.7 £14.3 542 £11.9 —3.368 0.001 **
Gender 0.070 0.791
Male 47 (70.1) 50 (66.7)
Female 20 (29.9) 25 (33.3)
Disease-related characteristics at the time of treatment
SOFA P 11.1+£238 9.0+26 4.585 <0.001 ***
Length of hospitalization, days 58.4 +45.6 54.7 + 46.8 0.477 0.634
Duration of ECMO, days 10.6 +£9.5 48+34 4.725 <0.001 ***
Duration of mechanical ventilation, days 283 +24.3 18.0 +19.6 2.819 0.006 **
Number of complications 3.930 0.269
0 23 (34.3) 17 (22.7)
1 17 (25.4) 16 (21.3)
2 13 (19.4) 18 (24.0)
>3 14 (20.9) 24 (32.0)
Demographic characteristics at the time of the survey
Age, years 50.3 £14.2 55.8 £12.2 —2.472 0.015*
Employment status 7.257 0.027 *
Unemployed 28 (41.8) 48 (64.0)
Employed 33 (49.3) 24 (32.0)
Other (housekeeper/student) 6 (9.0) 3(4.0)
Workload compared to pre-ECMO ? 2.771 0.250
Unchanged 20 (29.9) 32 (42.7)
Lighter 44 (65.7) 39 (52.0)
Heavier 3 (4.5) 4(5.3)
Disease-related characteristics at the time of the survey
Number of days since discharge 1015.1 £ 831.1 440.8 + 3225 5.310 <0.001 ***
Self-perceived health status 71+£19 72416 —0.463 0.644
BMI 4, kg/m? 25.6 5.6 244 +35 1.505 0.135
Number of comorbidities 10.349 0.016 *
0 23 (34.3) 12 (16.0)
1 16 (23.9) 12 (16.0)
2 10 (14.9) 17 (22.7)
>3 18 (26.9) 34 (45.3)
Depression (HADS-D © score) 6.0£3.7 44+41 2.387 0.018 *
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Table 1. Cont.

VV-ECMO ! (n = 67) VA-ECMO 2 (1 = 75) )
t/ p
Variables n (%) Mean + SD 3 n (%) Mean + SD X
0-7 48 (71.6) 60 (80.0)
8-10 11 (16.4) 5(6.7)
11-21 8 (12.0) 10 (13.3)
Mean HADS-D score at the time of hospital discharge
April 2006 to April 2016 52 (77.6) 6.1+£36
May 2016 to June 2020 15 (22.4) 55+4.0

! Veno-venous extracorporeal membrane oxygenation; 2 veno-arterial extracorporeal membrane oxygenation; ® standard deviation; 4 body mass index; > sequential organ failure

assessment; ® hospital anxiety and depression scale; ® workload was defined as the participant’s current work at home or at their place of employment compared with pre-ECMO; ®
SOFA, VV, n =62; VA, n =75;* p < 0.05; ** p < 0.01; *** p < 0.001.
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3.2. Mode of ECMO as a Predictor of Post-Discharge Depression Status

Relationships between characteristics of all study participants and HADS-D scores
were evaluated to determine whether there were any moderating variables (Table 2).

Table 2. The relationship between the characteristics of all participants (N = 142) and HADS-D !
depression scores after hospital discharge.

Variable n Mean =+ SD 2 t/F r p
Age at the time of 142 50.7 + 13.6 0.032 0.078
treatment
VV-ECMO 67 0.017 0.89
VA-ECMO 75 0.165 0.157
Age at the time of the 142 532+ 134 0.042 0.619
survey
VV-ECMO 67 0.12 0.926
VA-ECMO 75 0.157 0.178
Gender 0.655 0.514
Male 97 50+3.9
Female 45 55+4.1
Employment status 6.293 2 0.006 **
Unemployed 76 6.1+45
Employed 57 38+29
Housekeeper/student 9 52+26
W°r1;1r2‘_’§él‘\’/[“(‘)l’§ﬁfd to 6.006 0.003 **
Unchanged 52 3.7+31
Lighter 83 6.0+42
Heavier 7 6.3 +35
BMI 4, kg/m? 5.0 + 3.9 —0.013 0.882

Self-perceived health status
at the time of the survey
Number of comorbidities

—0.359 <0.001 ***

at the time of the survey 0.646 0.587
0 35 45+ 34
1 28 5.0+ 44
2 27 52+4.0
>3 52 5.7 +39
SOFA ¢ 0.049 0.572
Length of hospitalization, 0.150 0.075
days
Duration of ECMO, days 0.065 0.442
Duratlog of mechanical 0.083 0.324
ventilation, days
Numbe.r of days since 0.031 0.710
discharge
Number of complications 1.283 0.283
0 40 444+40
1 33 49+ 3.0
2 31 6.1+49
>3 38 54+39

! Hospital anxiety and depression scale, > standard deviation; ® extracorporeal membrane oxygenation; * body
mass index; ® sequential organ failure assessment; * Welch F; ® workload was defined as the participant’s current
work at home or their place of employment compared with pre-ECMO; © SOFA, VV, n = 62; VA, n = 75; *p < 0.01;
Ea

p < 0.001.

Three variables were significantly related to the HADS-D scores post-discharge: em-
ployment status, workload, and self-perceived health status. Therefore, these variables
were entered with “mode of ECMO” into the multiple regression analysis (Table 3). After
controlling for these moderating variables, the mode of ECMO was determined to be
associated with post-discharge depression status for participants (p = 0.008). Post-discharge
HADS-D scores were greater for participants treated with VV-ECMO (B = —1.707).
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Table 3. Predictors of depression (HADS-D ! score) for survivors of ECMO after hospital discharge
(N = 142).

Unstandardized Standardized
Variables F B SE B t p Adjust R?
6.863 <0.001 *** 0.200
(Intercept) 10.661 1.545 6.900 <0.001
Mode of ECMO 2
Vv3 (Reference)
VA 4 —1.707 0.630 —0.217 —2.710 0.008 **
Self—perc.elved health status at the 0619 0.181 _0272 3429 0.001**
time of the survey
Workload compared to
pre-ECMO 2
Unchanged (Reference)
Lighter 0.832 0.707 0.104 1.177 0.241
Heavier 1.877 1.440 0.103 1.304 0.194
Employment status
Unemployed (Reference)
Employed —1.788 0.701 —0.223 —2.551 0.012 *
Housekeeper/student —0.469 1.314 —0.029 —0.357 0.721

1 Hospital anxiety and depression scale; 2 extracorporeal membrane oxygenation; 3 veno-venous; 4 veno-arterial;

2 workload was defined as the participant’s current work at home or their place of employment compared with
pre-ECMO; * p < 0.05; ** p < 0.01; *** p < 0.001.

4. Discussion
4.1. Mode of ECMO and Differences in Patient Characteristics

Several demographic variables differed between participants treated with VA-ECMO
compared with those who receive VV-ECMO. We found participants treated with VA-
ECMO were significantly older than those who received VV-ECMO, which contrasted with
two studies that reported patients treated with VA-ECMO were younger than those treated
with VV-ECMO [36,37]. Patients included in these two studies were exclusively treated
with ECMO for ARDS, whereas this study enrolled patients who received ECMO due to
cardiogenic shock, ARDS, and ECPR, which is a more accurate reflection of the real-life
situation for most hospitals. However, a study by Guttendorf et al. compared patients
who received ECMO due to cardiac and respiratory problems, and the mean age of the
VA-ECMO patients was greater than the VV-ECMO patients [8], which is consistent with
our findings.

We could find no studies that compared post-discharge work status for survivors of
VV-ECMO with survivors of VA-ECMO. However, the post-discharge work status for all
ECMO patients varied with the length of time since the day of discharge. The proportion
of patients employed less than 6 months post-discharge was reported to range from 8 to
31% [24], 51 to 69% at 7-12 months post-discharge [24,38], and seems to stabilize at 76% at
3 years post-discharge, as it ranges from 71.4-78% at 3-5 years post-discharge [39].

In this study, the proportion of employed patients was 49.3% after VV-ECMO and
32.0% after VA-ECMO. The association of lower employment post-discharge for patients
who received VA-ECMO may be due to the placement of the catheter into the femoral
artery, which increases the risk of lower limb complications [2]. Older age at the time of
treatment was also associated with lower employment following hospital discharge, which
may be because their family members wanted them to concentrate their efforts on health
and recovery [23]. In addition, older adults with chronic heart disease are more likely to
suffer from more comorbidities, which also might contribute to a failure in returning to
work [40].

In this study, the severity of disease for patients who received VV-ECMO was signifi-
cantly higher than patients in the VA-ECMO group. One possible reason for this finding
was that this study enrolled VV-ECMO patients from 2006 to 2020, and the advances in
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medical devices and technology over this period might have affected the prognosis of
patients. A recent study suggested that patients should receive ECMO as soon as possible
to effectively improve the survival rate [41]. The indications for receiving ECMO have
become more specific, which enables clinicians to provide treatment at the optimal time
and prevents worsening of disease severity before administering treatment. Subsequently,
participants in this study who received VV-ECMO spent significantly more days on ECMO
than VA-ECMO patients (p < 0.001). This finding is similar to previous studies [8,36,37]
and is associated with the type of diagnosis and severity of disease of patients.

Our findings regarding the number of days on mechanical ventilation differed from a
previous study, which compared modes of ECMO only for patients with ARDS [37]. In that
study, patients who received VA-ECMO had higher disease complexity due to complica-
tions from cardiac problems; therefore, the number of days on mechanical ventilation was
higher compared with patients treated with VV-ECMO. In contrast, this study did not enroll
patients with a single disease, the disease severity of patients that received VV-ECMO was
higher, and the number of days on mechanical ventilation was greater.

4.2. Modes of ECMO and Differences in Depression Post-Discharge

Our findings showed higher scores for depression post-discharge for patients who
received VV-ECMO compared with participants who received VA-ECMO. While it is gen-
erally believed that depression in critically ill patients after discharge is mainly related to
cognitive problems, some studies suggest that somatic symptoms associated with lengthy
hospitalization in the ICU, such as weakness, fatigue, and pain, are the critical factors lead-
ing to depression [23,42]. Patients often experience significant muscle loss [43] following
the administration of high levels of sedation to ensure immobilization and avoid slippage
of the ECMO catheter [44]. This also reduces the thickness and strength of the quadriceps
muscle pre-ECMO compared with post-ECMO [45]. Patients typically continue to feel
weak or easily fatigued after treatment is terminated, which contributes to limited daily life
activities, and prevents them from returning to the work [24].

The higher scores for depression for survivors of VV-ECMO in our study might also
be related to the greater severity of disease, number of days being treated with ECMO,
and number of days on mechanical ventilation. Patients with higher severity of disease
face a higher risk of impaired physical function, which is related to longer treatment time
with ECMO and time on mechanical ventilation, which also increases the use of sedation
and the number of days a patient is bedridden [46]. The use of sedatives is one of the risk
factors for depression [47], and the increase in the time a patient is bedridden causes more
muscle loss and greater severity of somatic symptoms, which increases the probability of
subsequent depression. Moreover, the indications for modes of ECMO are different. Most
patients who received VV-ECMO due to respiratory failure were induced by ARDS, thus,
their lung function impairment was extremely serious. During treatment, 69.6% of such
patients experienced ground-glass opacities in their lungs. After discharge, 70% of patients
experienced fatigue, 50% had impaired physical functioning, and 36% had depression.
Moreover, 46% reported both impaired physical function and fatigue, which affected daily
life [48,49].

4.3. Incidence of Depression Post-Discharge

Our results indicated that 20% of participants who had undergone VA-ECMO had
symptoms of depression 440 days after hospital discharge. This persistence in depressive
symptoms was consistent with previous studies by Muller et al. in which the median
time from hospital discharge was 32 months [50] and a study by Mirabel et al. who found
patients continued to experience depressive symptoms 17 months after discharge [51]. Our
finding demonstrating 28.4% of participants who had undergone VV-ECMO had symptoms
of depression 1015 days after hospital discharge (33.8 months) was consistent with the
findings of Sanfilippo and colleagues [29] in which patients 42% of patients reported
depressive symptoms 32.4 months following hospital discharge.
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Patients with ARDS and other critical illnesses face numerous stressors. Survivors
of ARDS and others with long periods of hospitalization often have long recovery peri-
ods and high levels of psychological distress [17]. In a 5-year prospective longitudinal
cohort study of 186 ARDS survivors, 32% of survivors were affected by depression [17].
Most participants in our study who underwent VV-ECMO were survivors with ARDS.
Healthcare professionals need to identify risk factors for prolonged psychiatric morbidity
in these survivors of ARDS, which were shown to include lower socioeconomic status,
prior psychiatric morbidity, and worse baseline physical functioning [17].

Pharmacotherapy, such as serotonin reuptake inhibitors (SSRIs), in combination with
psychotherapy, is generally regarded as the first line of treatment for patients with anx-
iety and depressive disorders [52]. Although it remains unclear whether endogenous
kynurenines contribute directly to the initiation of neuropathological changes, it is well-
established that the dysregulation of the metabolic kynurenine pathway is involved in
the pathophysiology of several inflammation-linked neuropsychiatric diseases. However,
manipulation of the kynurenine pathway through the administration of enzyme inhibitors
may serve as a therapeutic strategy for neuropsychiatric disease [18,53]. New evidence for
the implementation of new treatments includes the effectiveness of non-invasive brain stim-
ulation (NIBS), which interferes with and modulates the abnormal activity of neural circuits
via the amygdala-mPFC-hippocampus pathway, which is involved in the acquisition and
consolidation of fear memories that are altered in many psychiatric disorders including
depression [54]. Depression was associated with a decrease in dendritic spine density and
dendritic complexities. Furthermore, NIBS techniques are now used to treat depression,
modulate spine density, and dendritic complexities [55,56]. Existential phenomenological
psychotherapy (EPP) was demonstrated to augment pharmacological support for patients
with mood disorders for nearly a century, which helps patients find meaning and purpose
in life to override physical limitations [52]. Therefore, we suggest early evaluations of
patients who have undergone ECMO to enable timely support strategies that may combine
pharmacological, NIBS, and psychological support.

Limitations on the activities of daily living are factors that can contribute to depression
in patients after discharge from the hospital because they are forced to make lifestyle
changes [40]. Limitations in activities of daily living combined with severe physical dis-
abilities post-discharge can contribute to post-intensive care syndrome (PICS), which can
include both depression and posttraumatic stress disorder (PTSD). Jackson et al. found
depression to be far more common than PTSD for patients who had a critical illness in the
ICU [42]. A longitudinal study of the health status of patients who received ECMO in Tai-
wan showed that the severity of depression in patients treated with VV-ECMO was higher
than patients treated with VA-ECMO before discharge and this difference in depression
was still present at 1 year post-discharge [22]; however, the sample size was small (N = 32).
Although the two modes of ECMO have different indications, cannulation procedures,
and accompanying complications, differences in disease-related characteristics between pa-
tients receiving VV-ECMO and VA-ECMO were not associated with depressive status after
discharge. Thus, our large sample size in this study strengthened the association between
greater levels of depression post-discharge for patients who had undergone VV-ECMO
than for VA-ECMO patients.

The mental health of all ECMO patients is worthy of the attention of healthcare
professionals. Therefore, we strongly encourage researchers in the fields of neuroscience
and neuropsychiatry to examine the neurophysiological impact of ECMO on areas of the
prefrontal cortex, which has been shown to be involved in depression [57]. Second, the use
of NIBS techniques should be investigated as a valid alternative in the treatment of those
patients that do not respond to psychotherapy and/or drug treatments [58].

4.4. Limitations

There were some limitations in this study. First, the initial sample size of VV-ECMO
participants was relatively small, thus we included an additional 52 participants who had
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undergone VV-ECMO between June 2006 to April 2016. ECMO treatment during this
earlier period may have differed, which may have had different impacts on depression for
these participants compared with those who received ECMO between 2016 and 2020. We
did not analyze differences between participants for these two time periods, which might
have limited the strength of our findings.

Second, the Cronbach’s alpha of 0.66 showed that the item intercorrelations in this
study were weak [59]. Although HADS-D was validated and shown to have good in-
ternal consistency reliability [33-35], studies with ECMO participants have not been
reported [29-31,41]. Cronbach’s alpha is dependent upon the resulting distribution of
scores’ variance; that is, the higher the value of the total variance, the greater the alpha
value obtained [59]. In this study, the mean score of 6.0 (SD =+ 3.7) for HADS-D was
higher for participants receiving VV-ECMO compared with 4.4 (SD = 4.1) for participants
receiving VA-ECMO. The Cronbach’s alpha of HADS-D with participants receiving ECMO
ought to be further examined in future studies.

Two additional limitations involve the design of the study. The cross-sectional design
prevented determining a cause and effect between depression and the mode of ECMO
treatment. Recruitment of participants via convenience sampling from one medical center,
which is a nonprobabilistic sampling method, limited the generalizability of our findings
to a broader sample of patients, which could result in bias and render the samples less
representative. Therefore, our study findings cannot be extended to other patients receiving
ECMO. Sample representativeness could be evaluated by comparing the mean values
of HADS-D with ECMO participants through the meta-analysis of ECMO patients with
depression [60].

Finally, there was a large gap between the number of patients enrolled that received
VV-ECMO and those that received VA-ECMO. Thus, when data collection and comparisons
were performed, there was a significant difference in the day of discharge between the two
groups of patients. As depression can change over time and is susceptible to major life
events, these factors might influence the research results.

5. Conclusions

With the advances in medical treatments, the indicators for evaluating whether a
treatment is effective should be more than the survival rate; attention should also be paid to
a patient’s prognosis. This study found that 20-28.4% of survivors of EMCO had HADS-D
scores suggestive of the presence of depression. The mode of ECMO was associated with
depression, and the depression status of VV-ECMO patients was more severe compared
with VA-ECMO. Therefore, more clinical attention should be paid to evaluating the physical
and mental function and social support of patients receiving VV-ECMO due to acute
respiratory failure.

Thus, from the moment patients are successfully weaned from ECMO, it is recom-
mended that continuous assessments and treatments of a patient’s mental health be con-
ducted. A multi-professional clinical care path for patients that is established as soon as
practically possible should include physicians, psychologists, neurologists, case managers,
nurses, and pulmonary and cardiac physiotherapists. Prior to hospital discharge, a case
manager should be assigned to the patient to provide information relative to their clinical
needs for managing their health post-discharge. We suggest that healthcare professionals
develop a partnership with patients and provide them with information on relaxation
techniques, such as breathing control, mediation, or listening to their favorite music. A
strong relationship between the patient and healthcare professionals could facilitate the
injtiation of self-management interventions for chronic diseases and encourage the patient
to establish their own physical and pulmonary rehabilitation targets. Bandura’s social
cognitive theory [61] suggests self-efficacy plays an important role in determining which
self-management activities a person will perform, where the expectations of personal
efficacy are based on four major sources of information: performance accomplishments,
vicarious experience, verbal persuasion, and physiological states, which can be augmented
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by feedback from healthcare professionals. Finally, case managers should continue to
follow up on the patient’s recovery in a timely manner and provide them with strategies
for reducing psychological stress, such as pharmacological, NIBS, and/or EPP therapy, to
help them return to a healthy lifestyle as soon as possible.

Author Contributions: Conceptualization, W.-J.L., Y.-L.C., L-CW,, E-C.T,, S.-L.Y,, and K-H.C,;
Methodology, W.-].L., Y.-L.C., L.-C.W,, and K.-H.C,; Software, W.-].L.; Validation, W.-].L., Y.-L.C., L.-
C.W.,, and K.-H.C.; Formal Analysis, W.-].L.; Investigation, W.-].L., and H.-C.H.; Resources, F.-C.T., and
H.-C.H.; Data Curation, W.-].L.,, Y.-L.C., L.-C.W., and K.-H.C.; Writing—Original Draft Preparation,
W.-].L.; Writing—Review and Editing, W.-].L., and K.-H.C.; Visualization, W.-].L.; Supervision, Y.-L.C.,
L-C.W,, and K.-H.C.; Project Administration, F-C.T., S.-L.Y., and H.-C.H.; Funding Acquisition,
K.-H.C. All authors have read and agreed to the published version of the manuscript.

Funding: This study (IRB: 104-4608B) was supported by a grant from Chang Gung Memorial Hospital
(Grant No. CMRPD1E0241). The funding source had no role in the study design; in the collection,
analysis, and interpretation of data; in the writing of this report; or in the decision to submit the
article for publication.

Institutional Review Board Statement: The study was approved by the Institutional Review Board
(IRB) of the study hospital (IRB: 104-4608B and 201900851B0).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to privacy restrictions.

Acknowledgments: We would like to thank all the patients who participated in this study.

Conflicts of Interest: The authors declare that they have no conflict of interests.

References

1. Ali, J,; Vuylsteke, A. Extracorporeal membrane oxygenation: Indications, technique and contemporary outcomes. Heart 2019, 105,
1437-1443. [CrossRef]

2. Hayes, K.; Holland, A.E.; Pellegrino, V.A.; Leet, A.S.; Fuller, L.M.; Hodgson, C.L. Physical function after extracorporeal membrane
oxygenation in patients pre or post heart transplantation—An observational study. Heart Lung 2016, 45, 525-531. [CrossRef]

3. Lorusso, R.; Shekar, K.; MacLaren, G.; Schmidt, M.; Pellegrino, V.; Meyns, B.; Haft, J.; Vercaemst, L.; Pappalardo, F; Bermudez, C.;
et al. ELSO Interim Guidelines for Venoarterial Extracorporeal Membrane Oxygenation in Adult Cardiac Patients. ASAIO J. 2021,
67, 827-844. [CrossRef]

4. Makdisi, G.; Wang, L.-W. Extra Corporeal Membrane Oxygenation (ECMO) review of a lifesaving technology. J. Thorac. Dis. 2015,
7, E166-E176. [CrossRef] [PubMed]

5. Tonna, J.E.; Abrams, D.; Brodie, D.; Greenwood, J.C.; Mateo-Sidron, J.A.R.; Usman, A.; Fan, E. Management of Adult Patients
Supported with Venovenous Extracorporeal Membrane Oxygenation (VV ECMO): Guideline from the Extracorporeal Life
Support Organization (ELSO). ASAIO J. 2021, 67, 601-610. [CrossRef]

6.  Mazzeffi, M.; Greenwood, J.; Tanaka, K.; Menaker, J.; Rector, R.; Herr, D.; Kon, Z.; Lee, ].; Griffith, B.; Rajagopal, K.; et al. Bleeding,
Transfusion, and Mortality on Extracorporeal Life Support: ECLS Working Group on Thrombosis and Hemostasis. Ann. Thorac.
Surg. 2016, 101, 682-689. [CrossRef] [PubMed]

7. Appelt, H; Philipp, A.; Mueller, T.; Foltan, M.; Lubnow, M.; Lunz, D.; Zeman, F,; Lehle, K. Factors associated with hemolysis
during extracorporeal membrane oxygenation (ECMO)—Comparison of VA- versus VV ECMO. PLoS ONE 2020, 15, e0227793.
[CrossRef]

8.  Guttendorf, J.; Boujoukos, A.J.; Ren, D.; Rosenzweig, M.Q.; Hravnak, M. Discharge Outcome in Adults Treated with Extracorporeal
Membrane Oxygenation. Am. J. Crit. Care 2014, 23, 365-377. [CrossRef]

9.  Chiala, O.; Vellone, E.; Klompstra, L.; Ortali, G.A.; Stromberg, A.; Jaarsma, T. Relationships between exercise capacity and anxiety,
depression, and cognition in patients with heart failure. Heart Lung 2018, 47, 465-470. [CrossRef]

10. Oh, TK,; Park, H.Y,; Song, I.-A. Depression and mortality among survivors of acute respiratory distress syndrome in South Korea:
A nationwide cohort study conducted from 2010 to 2018. J. Psychiatr. Res. 2022, 145, 6-12. [CrossRef]

11. Hatch, R; Young, D.; Barber, V.; Griffiths, J.; Harrison, D.A.; Watkinson, P. Anxiety, Depression and Post Traumatic Stress Disorder
after critical illness: A UK-wide prospective cohort study. Crit. Care 2018, 22, 310. [CrossRef]

12.  Grosso, A.; Pesce, G.; Marcon, A.; Piloni, D.; Albicini, F; Gini, E.; Marchetti, P.; Battaglia, S.; Ferrari, M.; Fois, A.; et al. Depression

is associated with poor control of symptoms in asthma and rhinitis: A population-based study. Respir. Med. 2019, 155, 6-12.
[CrossRef] [PubMed]


http://doi.org/10.1136/heartjnl-2017-311928
http://doi.org/10.1016/j.hrtlng.2016.07.007
http://doi.org/10.1097/MAT.0000000000001510
http://doi.org/10.3978/j.issn.2072-1439.2015.07.17
http://www.ncbi.nlm.nih.gov/pubmed/26380745
http://doi.org/10.1097/MAT.0000000000001432
http://doi.org/10.1016/j.athoracsur.2015.07.046
http://www.ncbi.nlm.nih.gov/pubmed/26443879
http://doi.org/10.1371/journal.pone.0227793
http://doi.org/10.4037/ajcc2014115
http://doi.org/10.1016/j.hrtlng.2018.07.010
http://doi.org/10.1016/j.jpsychires.2021.11.035
http://doi.org/10.1186/s13054-018-2223-6
http://doi.org/10.1016/j.rmed.2019.06.025
http://www.ncbi.nlm.nih.gov/pubmed/31272012

Int. J. Environ. Res. Public Health 2022, 19, 3333 14 of 15

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Worsham, C.M.; Banzett, R.B.; Schwartzstein, R.M. Dyspnea, Acute Respiratory Failure, Psychological Trauma, and Post-ICU
Mental Health. Chest 2021, 159, 749-756. [CrossRef]

Bein, T.; Weber-Carstens, S.; Apfelbacher, C. Long-term outcome after the acute respiratory distress syndrome: Different from
general critical illness. Curr. Opin. Crit. Care 2018, 24, 35—-40. [CrossRef] [PubMed]

Tanaka, M.; Vécsei, L. Editorial of Special Issue “Crosstalk between Depression, Anxiety, and Dementia: Comorbidity in
Behavioral Neurology and Neuropsychiatry”. Biomedicines 2021, 9, 517. [CrossRef] [PubMed]

Herridge, M.S.; Moss, M.; Hough, C.L.; Hopkins, R.O.; Rice, T.W.; Bienvenu, O.].; Azoulay, E. Recovery and outcomes after
the acute respiratory distress syndrome (ARDS) in patients and their family caregivers. Intensive Care Med. 2016, 42, 725-738.
[CrossRef] [PubMed]

Bienvenu, O.].; Friedman, L.A.; Colantuoni, E.; Dinglas, V.D.; Sepulveda, K.A.; Mendez-Tellez, P.; Shanholz, C.; Pronovost, PJ.;
Needham, D.M. Psychiatric symptoms after acute respiratory distress syndrome: A 5-year longitudinal study. Intensive Care Med.
2018, 44, 38-47. [CrossRef]

Battaglia, S.; Harrison, B.J.; Fullana, M. A. Does the human ventromedial prefrontal cortex support fear learning, fear extinction or
both? A commentary on subregional contributions. Mol. Psychiatry 2021, 2021, 1-3. [CrossRef]

Tanaka, M.; Téth, F.; Polydk, H.; Szabd, A.; Mdandi, Y.; Vécsei, L. Inmune Influencers in Action: Metabolites and Enzymes of the
Tryptophan-Kynurenine Metabolic Pathway. Biomedicines 2021, 9, 734. [CrossRef]

Oruganty-Das, A.; Ng, T.; Udagawa, T.; Goh, E.L.; Richter, J.D. Translational control of mitochondrial energy production mediates
neuron morphogenesis. Cell Metab. 2012, 16, 789-800. [CrossRef]

Chen, K.-H.; Chen, Y.-T.; Yeh, S.-L.; Weng, L.-C.; Tsai, F.-C. Changes in quality of life and health status in patients with
extracorporeal life support: A prospective longitudinal study. PLoS ONE 2018, 13, e0196778. [CrossRef] [PubMed]

Chen, K.-H.; Tsai, E-C.; Tsai, C.-S.; Yeh, S.-L.; Weng, L.-C.; Yeh, L.-C. Problems and health needs of adult extracorporeal membrane
oxygenation patients following hospital discharge: A qualitative study. Heart Lung 2016, 45, 147-153. [CrossRef]

Tramm, R; Ilic, D.; Sheldrake, J.; Pellegrino, V.; Hodgson, C. Recovery, Risks, and Adverse Health Outcomes in Year 1 After
Extracorporeal Membrane Oxygenation. Am. |. Crit. Care 2017, 26, 311-319. [CrossRef]

ICD-10-CM Diagnosis Code F32.9. Available online: https://www.icd10data.com/ICD10CM/Codes/F01-F99/F30-F39/F32-/F3
2.9 (accessed on 22 January 2022).

Jddmaa-Holmberg, S.; Salmela, B.; Suojaranta, R.; Jokinen, J.].; Lemstrom, K.B.; Lommi, ]. Extracorporeal membrane oxygenation
for refractory cardiogenic shock: Patient survival and health-related quality of life. Eur. ]. Cardio Thorac. Surg. 2019, 55, 780-787.
[CrossRef] [PubMed]

@rbo, M.C,; Karlsen, S.F,; Pedersen, E.P.; Hermansen, S.E.; Renning, P.B.; Nergaard, K.A.; Neesheim, T.; Myrmel, T. Health-related
quality of life after extracorporeal membrane oxygenation: A single centre’s experience. ESC Heart Fail. 2019, 6, 701-710.
[CrossRef] [PubMed]

Roll, M.A; Kuys, S.; Walsh, J.R.; Tronstad, O.; Ziegenfuss, M.; Mullany, D.V. Long-Term Survival and Health-Related Quality of
Life in Adults After Extra Corporeal Membrane Oxygenation. Heart Lung Circ. 2019, 28, 1090-1098. [CrossRef] [PubMed]
Spangenberg, T.; Schewel, J.; Dreher, A.; Meincke, F; Bahlmann, E.; van der Schalk, H.; Kreidel, E; Frerker, C.; Stoeck, M.; Bein, B.;
et al. Health related quality of life after extracorporeal cardiopulmonary resuscitation in refractory cardiac arrest. Resuscitation
2018, 127, 73-78. [CrossRef] [PubMed]

Sanfilippo, E,; Ippolito, M.; Santonocito, C.; Martucci, G.; Carollo, T.; Bertani, A.; Vitulo, P; Pilato, M.; Panarello, G.; Giarratano,
A,; et al. Long-term functional and psychological recovery in a population of acute respiratory distress syndrome patients treated
with VV-ECMO and in their caregivers. Minerva Anestesiol. 2019, 85, 971-980. [CrossRef]

Marsh, L.; Leach, R; Blane, J.; Daly, K.; Barrett, N.; Slack, A.; Kopelman, M. Long-term cognitive and psychiatric outcomes
of acute respiratory distress syndrome managed with Extracorporeal Membrane Oxygenation. Respir. Med. 2021, 183, 106419.
[CrossRef]

Murphy, B.; Le Grande, M.; Alvarenga, M.; Worcester, M.; Jackson, A. Anxiety and Depression After a Cardiac Event: Prevalence
and Predictors. Front. Psychol. 2020, 10, 3010. [CrossRef] [PubMed]

Zigmond, A.S.; Snaith, R.P. The hospital anxiety and depression scale. Acta Psychiatr. Scand. 1983, 67, 361-370. [CrossRef]
[PubMed]

Jutte, J.E.; Needham, D.M.; Pfoh, E.R.; Bienvenu, O.]. Psychometric evaluation of the Hospital Anxiety and Depression Scale 3
months after acute lung injury. J. Crit. Care 2015, 30, 793-798. [CrossRef] [PubMed]

Christensen, A.V.; Dixon, ].K,; Juel, K.; Ekholm, O.; Rasmussen, T.B.; Borregaard, B.; Mols, R.E.; Thrysee, L.; Thorup, C.B.; Berg,
S.K. Psychometric properties of the Danish Hospital Anxiety and Depression Scale in patients with cardiac disease: Results from
the DenHeart survey. Health Qual. Life Outcomes 2020, 18, 9. [CrossRef]

Wang, W.; Chair, S.Y.; Thompson, D.R.; Twinn, S.E. A psychometric evaluation of the Chinese version of the Hospital Anxiety and
Depression Scale in patients with coronary heart disease. J. Clin. Nurs. 2009, 18, 1908-1915. [CrossRef]

Kon, Z.N.; Bittle, G.J.; Pasrija, C.; Pham, S.M.; Mazzeffi, M.A.; Herr, D.L.; Sanchez, P.G.; Griffith, B.P. Venovenous Versus
Venoarterial Extracorporeal Membrane Oxygenation for Adult Patients with Acute Respiratory Distress Syndrome Requiring
Precannulation Hemodynamic Support: A Review of the ELSO Registry. Ann. Thorac. Surg. 2017, 104, 645-649. [CrossRef]
Oshima, K.; Kunimoto, F.; Hinohara, H.; Ohkawa, M.; Mita, N.; Tajima, Y.; Saito, S. Extracorporeal membrane oxygenation for
respiratory failure: Comparison of venovenous versus venoarterial bypass. Surg. Today 2010, 40, 216-222. [CrossRef]


http://doi.org/10.1016/j.chest.2020.09.251
http://doi.org/10.1097/MCC.0000000000000476
http://www.ncbi.nlm.nih.gov/pubmed/29189296
http://doi.org/10.3390/biomedicines9050517
http://www.ncbi.nlm.nih.gov/pubmed/34066395
http://doi.org/10.1007/s00134-016-4321-8
http://www.ncbi.nlm.nih.gov/pubmed/27025938
http://doi.org/10.1007/s00134-017-5009-4
http://doi.org/10.1038/s41380-021-01326-4
http://doi.org/10.3390/biomedicines9070734
http://doi.org/10.1016/j.cmet.2012.11.002
http://doi.org/10.1371/journal.pone.0196778
http://www.ncbi.nlm.nih.gov/pubmed/29746522
http://doi.org/10.1016/j.hrtlng.2015.12.005
http://doi.org/10.4037/ajcc2017707
https://www.icd10data.com/ICD10CM/Codes/F01-F99/F30-F39/F32-/F32.9
https://www.icd10data.com/ICD10CM/Codes/F01-F99/F30-F39/F32-/F32.9
http://doi.org/10.1093/ejcts/ezy374
http://www.ncbi.nlm.nih.gov/pubmed/30534984
http://doi.org/10.1002/ehf2.12433
http://www.ncbi.nlm.nih.gov/pubmed/31066213
http://doi.org/10.1016/j.hlc.2018.06.1044
http://www.ncbi.nlm.nih.gov/pubmed/30054124
http://doi.org/10.1016/j.resuscitation.2018.03.036
http://www.ncbi.nlm.nih.gov/pubmed/29626610
http://doi.org/10.23736/S0375-9393.19.13095-7
http://doi.org/10.1016/j.rmed.2021.106419
http://doi.org/10.3389/fpsyg.2019.03010
http://www.ncbi.nlm.nih.gov/pubmed/32063868
http://doi.org/10.1111/j.1600-0447.1983.tb09716.x
http://www.ncbi.nlm.nih.gov/pubmed/6880820
http://doi.org/10.1016/j.jcrc.2015.04.006
http://www.ncbi.nlm.nih.gov/pubmed/25981443
http://doi.org/10.1186/s12955-019-1264-0
http://doi.org/10.1111/j.1365-2702.2008.02736.x
http://doi.org/10.1016/j.athoracsur.2016.11.006
http://doi.org/10.1007/s00595-008-4040-z

Int. J. Environ. Res. Public Health 2022, 19, 3333 15 of 15

38.

39.

40.

41.

42.

43.
44.
45.
46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.
58.
59.
60.

61.

Von Bahr, V.; Kalzén, H.; Frenckner, B.; Hultman, J.; Frisén, K.G.; Lidegran, M.K,; Diaz, S.; Malfertheiner, M.V.; Millar, J.E,;
Dobrosavljevic, T.; et al. Long-term pulmonary function and quality of life in adults after extracorporeal membrane oxygenation
for respiratory failure. Perfusion 2019, 34, 49-57. [CrossRef]

Mojoli, E; Venti, A.; Pellegrini, C.; De Ferrari, G.M.; Ferlini, M.; Zanierato, M.; Maurelli, M.; Iotti, G.A.; D’Armini, A.M.; Braschi,
A. Hospital survival and long term quality of life after emergency institution of venoarterial ECMO for refractory circulatory
collapse. Minerva Anestesiol. 2013, 79, 1147-1155.

Armifianzas, C.; Farifias-Alvarez, C.; Zarauza, J.; Mufoz, P.; Ramallo, V.G; Sellés, M.M.; Meda, ].M.M.; Pericas, ].M.; Goenaga, M.;
Burgos, G.O.; et al. Role of age and comorbidities in mortality of patients with infective endocarditis. Eur. J. Intern. Med. 2019, 64,
63-71. [CrossRef]

Combes, A.; Hajage, D.; Capellier, G.; Demoule, A.; Lavoué, S.; Guervilly, C.; Silva, D.D.; Zafrani, L.; Tirot, P.; Veber, B.; et al.
Extracorporeal membrane oxygenation for severe acute respiratory distress syndrome. N. Engl. |. Med. 2018, 378, 1965-1975.
[CrossRef]

Jackson, ].C.; Pandharipande, P; Girard, T.; Brummel, N.E.; Thompson, J.L.; Hughes, C.G.; Pun, B.T.; Vasilevskis, E.E.; Morandi,
A.; Shintani, A K,; et al. Depression, post-traumatic stress disorder, and functional disability in survivors of critical illness in the
BRAIN-ICU study: A longitudinal cohort study. Lancet Respir. Med. 2014, 2, 369-379. [CrossRef]

Vanhorebeek, I.; Latronico, N.; Van den Berghe, G. ICU-acquired weakness. Intensive Care Med. 2020, 46, 637-653. [CrossRef]
Polastri, M.; Loforte, A.; Dell’Amore, A.; Nava, S. Physiotherapy for Patients on Awake Extracorporeal Membrane Oxygenation:
A Systematic Review. Physiother. Res. Int. 2016, 21, 203-209. [CrossRef]

Hayes, K.; Holland, A.; Pellegrino, V.; Mathur, S.; Hodgson, C. Acute Skeletal Muscle Wasting and Relation to Physical Function
in Patients Requiring Extracorporeal Membrane Oxygenation (ECMO). . Crit. Care 2018, 48, 1-8. [CrossRef]

Lee, M.; Kang, J.; Jeong, Y.J. Risk factors for post-intensive care syndrome: A systematic review and meta-analysis. Aust. Crit.
Care 2020, 33, 287-294. [CrossRef]

Tripathy, S.; Acharya, S.P; Singh, S.; Patra, S.; Mishra, B.R.; Kar, N. Post traumatic stress symptoms, anxiety, and depression in
patients after intensive care unit discharge—A longitudinal cohort study from a LMIC tertiary care centre. BMC Psychiatry 2020,
20, 220. [CrossRef] [PubMed]

Neufeld, K.J.; Leoutsakos, J.-M.S.; Yan, H.; Lin, S.; Zabinski, ].S.; Dinglas, V.D.; Hosey, M.M.; Parker, A.M.; Hopkins, R.O;
Needham, D.M. Fatigue Symptoms During the First Year Following ARDS. Chest 2020, 158, 999-1007. [CrossRef]

Tang, X.; Du, R-H.; Wang, R.; Cao, T.-Z.; Guan, L.-L.; Yang, C.-Q.; Zhu, Q.; Hu, M; Li, X.-Y,; Li, Y,; et al. Comparison of
Hospitalized Patients with ARDS Caused by COVID-19 and H1N1. Chest 2020, 158, 195-205. [CrossRef]

Muller, G.; Flecher, E.; Lebreton, G.; Luyt, C.-E.; Trouillet, J.-L.; Bréchot, N.; Schmidt, M.; Mastroianni, C.; Chastre, J.; Leprince, P,;
et al. The ENCOURAGE mortality risk score and analysis of long-term outcomes after VA-ECMO for acute myocardial infarction
with cardiogenic shock. Intensive Care Med. 2016, 42, 370-378. [CrossRef]

Mirabel, M.; Luyt, C.E.; Leprince, P; Trouillet, J.L.; Léger, P; Pavie, A.; Jean, C.; Alain, C. Outcomes, long-term quality of life, and
psychologic assessment of fulminant myocarditis patients rescued by mechanical circulatory support. Crit. Care Med. 2011, 39,
1029-1035. [CrossRef]

Balogh, L.; Tanaka, M.; Torok, N.; Vécsei, L.; Taguchi, S. Crosstalk between Existential Phenomenological Psychotherapy and
Neurological Sciences in Mood and Anxiety Disorders. Biomedicines 2021, 9, 340. [CrossRef]

Fujigaki, H.; Yamamoto, Y.; Saito, K. L-Tryptophan-kynurenine pathway enzymes are therapeutic target for neuropsychiatric
diseases: Focus on cell type differences. Neuropharmacology 2017, 112, 264-274. [CrossRef] [PubMed]

Borgomaneri, S.; Battaglia, S.; Sciamanna, G.; Tortora, F.; Laricchiuta, D. Memories are not written in stone: Re-writing fear
memories by means of non-invasive brain stimulation and optogenetic manipulations. Neurosci. Biobehav. Rev. 2021, 127, 334-352.
[CrossRef]

Cambiaghi, M.; Cherchi, L.; Masin, L.; Infortuna, C.; Briski, N.; Caviasco, C.; Hazaveh, S.; Han, Z.; Buffelli, M.; Battaglia, F.
High-frequency repetitive transcranial magnetic stimulation enhances layer II/III morphological dendritic plasticity in mouse
primary motor cortex. Behav. Brain Res. 2021, 410, 113352. [CrossRef]

Cambiaghi, M.; Crupi, R.; Bautista, E.L.; Elsamadisi, A.; Malik, W.; Pozdniakova, H.; Han, Z.; Buffelli, M.; Battaglia, F. The effects
of 1-Hz r'TMS on emotional behavior and dendritic complexity of mature and newly generated dentate gyrus neurons in male
mice. Int. |. Environ. Res. Public Health 2020, 17, 4074. [CrossRef]

Pizzagalli, D.A.; Roberts, A.C. Prefrontal cortex and depression. Neuropsychopharmacology 2022, 47, 225-246. [CrossRef] [PubMed]
Borgomaneri, S.; Battaglia, S.; Avenanti, A.; di Pellegrino, G. Don’t Hurt Me No More: State-dependent Transcranial Magnetic
Stimulation for the treatment of specific phobia. J. Affect. Disord. 2021, 286, 78-79. [CrossRef]

Waltz, C.F,; Strickland, O.L.; Lenz, E.R. Measurement in Nursing and Health Research; Springer: New York, NY, USA, 2005; pp.
139-143.

Gray, J.R.; Grove, S.K.; Sutherland, S. Burns and Grove’s The Practice of Nursing Research: Appraisal, Synthesis, and Generation of
Evidence; Saunders: St. Louis, MO, USA, 2016; p. 333.

Bandura, A. Self-efficacy: Toward a unifying theory of behavioral change. Psychol. Rev. 1977, 84, 191-215. [CrossRef]


http://doi.org/10.1177/0267659119830244
http://doi.org/10.1016/j.ejim.2019.03.006
http://doi.org/10.1056/NEJMoa1800385
http://doi.org/10.1016/S2213-2600(14)70051-7
http://doi.org/10.1007/s00134-020-05944-4
http://doi.org/10.1002/pri.1644
http://doi.org/10.1016/j.jcrc.2018.08.002
http://doi.org/10.1016/j.aucc.2019.10.004
http://doi.org/10.1186/s12888-020-02632-x
http://www.ncbi.nlm.nih.gov/pubmed/32398018
http://doi.org/10.1016/j.chest.2020.03.059
http://doi.org/10.1016/j.chest.2020.03.032
http://doi.org/10.1007/s00134-016-4223-9
http://doi.org/10.1097/CCM.0b013e31820ead45
http://doi.org/10.3390/biomedicines9040340
http://doi.org/10.1016/j.neuropharm.2016.01.011
http://www.ncbi.nlm.nih.gov/pubmed/26767951
http://doi.org/10.1016/j.neubiorev.2021.04.036
http://doi.org/10.1016/j.bbr.2021.113352
http://doi.org/10.3390/ijerph17114074
http://doi.org/10.1038/s41386-021-01101-7
http://www.ncbi.nlm.nih.gov/pubmed/34341498
http://doi.org/10.1016/j.jad.2021.02.076
http://doi.org/10.1037/0033-295X.84.2.191

	Introduction 
	Materials and Methods 
	Study Design 
	Participants and Setting 
	Data Collection 
	Measures 
	Demographic and Clinical Characteristics 
	Hospital Anxiety and Depression Scale 

	Statistical Analysis 

	Results 
	Characteristics of Participants between Modes of ECMO 
	Mode of ECMO as a Predictor of Post-Discharge Depression Status 

	Discussion 
	Mode of ECMO and Differences in Patient Characteristics 
	Modes of ECMO and Differences in Depression Post-Discharge 
	Incidence of Depression Post-Discharge 
	Limitations 

	Conclusions 
	References

