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Abstract: The vasoactive inotropic score (VIS) is calculated as a weighted sum of all administered
vasopressor and inotropic medications and quantifies the amount of pharmacological cardiovas-
cular support in patients with the most severe combined cardiopulmonary failure supported with
extracorporeal membrane oxygenation (ECMO). This study evaluated (1) whether VIS prior to the
initiation of ECMO is an independent predictor of survival in these patients and (2) whether VIS
might guide the selection of the appropriate extracorporeal cannulation modality (Veno-Venous V-V’
or Veno-VenoArterial “V-VA). In this study, 39 V-VA and 182 V-V ECMO runs were retrospectively
analyzed. VIS immediately prior to ECMO initiation (pre-ECMO) was 40 (10/113) in all patients,
30 (10/80) in patients with V-V ECMO and 207 (60/328) in patients with V-VA ECMO. Pre-ECMO
VIS was an independent predictor of survival in univariate (AUC = 0.68, p = 0.001) and multi-variable
analyses (p = 0.02). Pre-ECMO VIS was clearly associated with mortality (p = 0.001) in V-V ECMO
group; however, V-VA ECMO disrupted this association (p = 0.18). Therefore, in conjunction with
echocardiography, VIS might assist in selecting the appropriate ECMO cannulation strategy as pa-
tients with a pre-ECMO VIS > 61.4 had significantly lower odds of survival compared to those with
lower VIS.

Keywords: vasoactive inotropic score; extracorporeal membrane oxygenation (ECMO); V-V ECMO;
V-VA ECMO; cannulation strategy

1. Introduction

In the most severe cases of acute respiratory distress syndrome (ARDS) with refractory
hypoxemia [1], Veno-Venous (V-V) extracorporeal membrane oxygenation (ECMO) has
been proposed as an alternative support to maintain oxygenation [2—4]. However, respi-
ratory insufficiency can also be associated with considerable hemodynamic compromise
that requires vasopressor and inotropic support [5]. In these circumstances, the optimal
extracorporeal modality has yet to be defined [6].

V-V ECMO might improve the right heart function through a reduction in pulmonary
vascular resistance but does not provide circulatory support during left or right ventric-
ular failure or during severe vasoplegia. In these cases, Veno-Arterial (V-A) and Veno-
VenoArterial (V-VA) ECMO have been favored [6,7]. V-VA ECMO is typically applied in
patients on V-A ECMO for primary cardiogenic shock who develop secondary respiratory
failure due to pulmonary congestion, leading to an upper body hypoxia [8]. This, however,
should be clearly separated from an approach which utilized V-VA ECMO for primary
respiratory failure and secondary acute cor pulmonale or septic cardiomyopathy [9].

Since there are no objective criteria to select the appropriate ECMO modality (V-V
or V-VA) on patients with primary respiratory and concomitant cardio-circulatory failure,
clinicians usually base the cannulation strategy on personal preferences. Patients without
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cardio-circulatory failure are managed with V-V ECMO and patients with significant
hemodynamic impairment are supported with V-A or V-VA ECMO.

The vasoactive inotropic score (VIS) provides a descriptive tool to quantify pharma-
cological cardio-circulatory support. VIS is calculated as a weighted sum of all adminis-
tered vasoactive inotropic agents [10]. Initially, VIS assessed only dopamine, dobutamine,
epinephrine, norepinephrine, milrinone and vasopressin [10]. Due to frequent application
of levosimendan, it is increasingly integrated in VIS calculation [11].

VIS has been validated in both pediatric and adult cardiac surgery [10,12]. In both
reports, the maximum VIS within the first 24 h after cardiac surgery is an independent
predictor of post-operative morbidity and mortality [10,12]. The European Society of
Pediatric and Neonatal Intensive Care incorporates a VIS greater than 200 points, lactate
level greater than 8 mmol/L and myocardial dysfunction in their bedside septic shock
scoring system [13]. Although their VIS calculation did not integrate levosimendan, a VIS
greater than 200 is associated with mortality and the requirement of extracorporeal life
support [13]. Furthermore, Surviving Sepsis Campaign International Guidelines suggest
V-A ECMO as a rescue therapy in children with refractory septic shock [14].

In this study, we aimed (1) to evaluate whether VIS immediately prior to ECMO
injtiation (pre-ECMO VIS) is an independent predictor of survival, (2) to evaluate whether
pre-ECMO VIS is an effective determinant to select appropriate extracorporeal modality
(V-V or V-VA ECMO) and (3) to assess the impact of V-VA ECMO on mortality in patients
with high pre-ECMO VIS.

2. Materials and Methods
2.1. Data Acquisition, Inclusion and Exclusion Criteria

This retrospective study was approved by the institutional ethics committee (Medizinis-
che Ethikkomission II, University Medical Centre Mannheim, Medical Faculty Mannheim of
the University of Heidelberg, registration number 2019-834R) and registered in the German
Clinical Trials Register (DRKS00027491).

The study was completed in the intensive care unit of the Department of Anesthesiol-
ogy and Critical Care Medicine, University Medical Centre Mannheim, Germany. A review
of medical records was performed to identify patients who had been supported with V-V
and V-VA ECMO between November 2014 and July 2020. Our institutional management
strategy for patients on ECMO support due to primary respiratory failure is outlined in the
Appendix A and Figure Al.

We included all patients who received V-V or V-VA ECMO due to severe (cardio-)
pulmonary failure irrespective of their underlying cause or disease. Patients who required
ECMO support for reasons other than (cardio-) pulmonary failure (e.g., ECMO as in-
traprocedural support during elective aortic repair, extracorporeal life support during
resuscitation) were excluded from this study.

The Simplified Acute Physiology Score II (SAPS II) and the Sequential Organ Failure
Assessment (SOFA) score were calculated within the first 24 h of ICU stay [15,16]. VIS was
assessed at ICU admission, immediately prior to ECMO initiation (pre-ECMO), during the
first two days of ECMO and at the termination of ECMO support (ECMO end). VIS was
calculated as:

VIS = dopamine (ug/kg/min) + dobutamine (ug/kg/min) + 100 X epinephrine
(ug/kg/min) + 100 x norepinephrine (ng/kg/min) + 10 X milrinone (nug/kg/min) +
10,000 x vasopressin (units/kg/min) + 50 x levosimendan (ug/kg/min) [11].

2.2. Statistical Analysis

The primary outcome was ICU mortality. Categorical variables were reported as
frequency of observation (1, %) and analyzed using Pearson’s chi-squared test. Continuous
variables were reported as medians (interquartile range Q1-Q3) and evaluated with the
Mann-Whitney U-Test method.
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The course of VIS in survivors and non-survivors is pairwise compared using non-
parametric Wilcoxon method. Non-parametric comparison for all pairs is then performed
using Dunn method for joint ranking with Bonferroni adjustment.

The relationship between pre-ECMO VIS and the selected ECMO modality (V-V
and V-VA ECMO) was first analyzed with a logistic regression and receiver operating
characteristic (ROC) curve analysis. The impact of V-VA ECMO in affecting VIS course and
ICU mortality was also assessed.

Risk factors for mortality were evaluated using univariate analysis. The following
factors were included in the outcome analysis: age, sex, body mass index, length of ICU
stay, ECMO cannulation strategy, year and length of ECMO support, relevant comorbidities
(septic shock, prior cardiac arrest and cardiac failure, preexisting chronic cardiopulmonary
diseases), SAPS II, SOFA score and VIS.

Risk factors with p < 0.05 in univariate analysis were then included in multi-variable
analysis. The cut-off values of SAPS II, SOFA score and VIS for predicting mortality were
determined through ROC curve analysis. Survival was estimated using Kaplan-Meier and
Cox proportional hazard model.

Statistical analysis was performed with JMP® Version 15 (SAS, Cary, NC, USA). A
p-value of <0.05 was considered statistically significant.

3. Results

We included 221 ECMO runs (39 V-VA and 182 V-V ECMO) on 214 patients between
November 2014 and July 2020 in the analysis. Five patients required V-V ECMO twice and
one patient required three V-V ECMO runs due to recurring respiratory failure. We included
172 patients with primary ARDS because of bacterial or viral pneumonia, 38 patients with
secondary ARDS due to sepsis (1 = 8), systemic autoimmune disease (n = 6), peritonitis
(n = 5), pancreatitis (n = 4), abdominal compartment (n = 4), trauma (n = 4), chemother-
apy related (n = 2), heat stroke (n = 1), anaphylactic shock (n = 1), burn lesion (n = 1),
postcardiotomy (n = 1) and chylothorax (n = 1), five patients with tracheal perforations
and respiratory failure, five patients with pulmonary embolism and one patient with an
aortopulmonary fistula.

3.1. Demographics and Characteristics

Patient demographics and characteristics in V-V and V-VA ECMO groups are outlined
in Table 1. All V-V ECMOs were initiated due to respiratory failure, V-VA ECMOs were ini-
tiated in (1) primary respiratory failure with acute cor pulmonale or septic cardiomyopathy
(85%) and (2) fulminant pulmonary embolism and aspiration pneumonia (15%).

Compared to patients with V-V ECMO, patients with V-VA ECMO had a higher pre-
ECMO incidence of septic shock (85% vs. 56%, p = 0.0009), cardiac arrest (41% vs. 18%,
p = 0.002) and cardiac failure (100% vs. 25%, p < 0.0001) and a higher SOFA (15 vs. 14,
p = 0.002) and SAPS II score (86 vs. 76, p = 0.04). Patients with V-VA ECMO also demon-
strated a shorter duration of ICU stay (13 vs. 21 days, p = 0.009) and a significantly higher
ICU mortality (72% vs. 49%, p = 0.01). There was no statistical difference in age or sex
between both ECMO groups (Table 1). ECMO was mostly initiated at ICU admission
day for both V-V and V-VA ECMO group. Therefore, the median time interval between
ICU admission and pre-ECMO data was less than 24 h. No patient underwent cardiac
transplantation prior to or during ECMO support.

3.2. Vasoactive Inotropic Score (VIS)

The calculated VIS at ICU admission, pre-ECMO, during the first two days of ECMO
and at the termination of ECMO support are presented in Table A1l. Most patients re-
ceived norepinephrine as vasopressor of choice, only two patients in V-VA ECMO group
received vasopressin.

Pre-ECMO VIS was 40 (10-113) in all patients, 30 (10-80) in patients with V-V ECMO,
and 207 (60-328) in patients with V-VA ECMO (Table A1l). Patients under V-VA ECMO
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showed significantly higher VIS at every assessment time points (Table A1l). Figure 1A,B

present the VIS course in V-V and V-VA ECMO groups.

Table 1. Patient demographics and characteristics in V-V and V-VA ECMO groups.

V-VECMO V-VA ECMO
(n=182) (n=39)

Age (years) 56 (46-63) 60 (49-63) p=0.62
Male sex (%) n =121 (66%) n =29 (74%) p=045
Body weight (kg) 85 (75-105) 80 (70-90) p=0.035
Clinical presentation prior to ECMO initiation
*  respiratory failure n =182 (100%) n = 33 (85%) p < 0.0001
* septicshock n =102 (56%) n = 33 (85%) p = 0.0009
*  cardiac comorbidities n =74 (41%) n =39 (100%) p <0.0001
e cardiac failure 1 = 46 (25%) 1 =39 (100%) p < 0.0001
e  cardiac arrest n =32 (18%) n =16 (41%) p =0.002
Time from ICU admission to ECMO initiation (days) 0(0-1) 0(0-1) p=07
Duration of ECMO support (days) 13 (8-21) 7 (1-15) p < 0.0001
Duration of arterial support (days) 5(1-7)
ICU length of stay (days) 21 (13-33) 13 (2-25) p =0.009
SAPS II score within 24 h after ICU admission 76 (68-88) 86 (68-97) p=0.04
Predicted mortality based on median SAPS II score 89.7% 95.4%
SOFA score within 24 h after ICU admission 14 (12-16) 15 (13.5-18) p = 0.002
Predicted mortality based on median SOFA score 60% >80%
ICU mortality (%) n =89 (49%) n =28 (72%) p=0.01
Mortality cause:
e  Cardiovascular failure 1 =30 (16%) 1= 14 (36%) p=0.01
e  Non-cardiovascular organ failure 1 = 54 (30%) n=11(28%) p=10
o  ECMO related failure n=5(3%) 1 =23 (8%) p=0.1

Data is presented as median (interquartile range Q1-Q3) or 1 (%). Bold p-values express statistically significant
differences between V-V and V-VA ECMO groups. ECMO = Extracorporeal Membrane Oxygenation; V-V =
Veno-Venous; V-VA = Veno-VenoArterial; SAPS II = Simplified Acute Physiology Score II; SOFA = Sequential
Organ Failure Assessment; ICU: intensive care unit.

3.3. Predictive Performance of SAPS 11, SOFA Score and VIS

In V-V and V-VA ECMO groups, we found a statistically significant difference in SAPS
II in non-survivors (80 (72-91) vs. 91 (77-101), p = 0.026) but not in survivors (72 (64-82) vs.
67 (53-87), p = 0.30) (Table 2A).

Among all patients, we found an association between SAPS II and ICU mortality
(p <0.0001, ROC AUC 0.68) (Table 3). This association also occurred in logistic regression
analyses of V-V ECMO (p = 0.0008, ROC AUC 0.65) and V-VA ECMO patients (p = 0.002,
ROC AUC 0.80). We found a cut-off value of SAPS II for predicting mortality of 75 for all
patients, 74 for patients with V-V ECMO and 76 for patients with V-VA ECMO (Table 2A).
Multi-variable analysis failed to confirm SAPS II as an independent predictor of mortality
(p = 0.5) (Table 3).

Non-survivors had a median SOFA score of 14 (12-17) and 16 (14-18) for V-V and V-VA
ECMO (p = 0.001), respectively. Survivors did not show statistically significant differences
between both ECMO modalities (p = 0.9) (Table 2B).

The cut-off values of SOFA score in predicting mortality were 13 among all patients
(p = 0.0003, ROC AUC 0.64), 13 in V-V ECMO (p = 0.03, ROC AUC 0.59) and 15 in V-VA
ECMO groups (p = 0.001, ROC AUC 0.79) (Table 2B).
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Figure 1. Trend in VIS in (A) V-V ECMO and (B) V-VA ECMO both for survivors (white) and non-
survivors (gray). Boxplots show median and interquartile range Q1-Q3, brackets denote the differ-
ences between survivors and non-survivors, p-values are shown above the brackets. VIS = Vasoactive
Inotropic Score; ECMO = Extracorporeal Membrane Oxygenation; V-V = Veno-Venous ECMO;
V-VA = Veno-VenoArterial ECMO; pre-ECMO: immediately prior to ECMO initiation; ECMO end:
immediately prior to the termination of ECMO support.
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Table 2. (A) SAPS II within the first 24 h after ICU admission in all patients, non-survivors and
survivors. (B) SOFA score within the first 24 h after ICU admission in all patients, non-survivors and
survivors. (C) Pre-ECMO VIS in all patients, non-survivors and survivors.

(A)
SAPSII All Patients V-V ECMO V-VA ECMO
Non-survivors 82 (72-93) 80 (72-91) 91 (77-101) p =0.026
Survivors 72 (63-82) 72 (64-82) 67 (53-87) p=0.30
Cut-off value 75 74 76
p < 0.0001 p =0.0008 p = 0.002
(B)
SOFA Score All Patients V-V ECMO V-VA ECMO
Non-survivors 14 (13-17) 14 (12-17) 16 (14-18) p =0.001
Survivors 13 (11-15) 13 (11-15) 13.5 (10-15) p=09
Cut-off value 13 13 15
p =0.0004 p=0.03 p = 0.001
(©)
VIS All Patients V-V ECMO V-VA ECMO
Non-survivors 61 (18-174) 42 (11-105) 222 (88-383) p < 0.0001
Survivors 20 (8-60) 19 (6-53) 89 (27-257) p = 0.0008
Cut-off value 61.40 61.40 114.67
p < 0.0001 p =0.001 p=0.18

All scores are shown in median (interquartile range Q1-Q3); p-values on the right denotes differences between V-V
and V-VA ECMO in survivors and non-survivors. p-values below the cut-off values denote differences between
survivors and non-survivors within each ECMO group. Bold p-values represent statistically significant differences.
ECMO = Extracorporeal Membrane Oxygenation; V-V = Veno-Venous ECMO; V-VA = Veno-VenoArterial ECMO;
SAPS II = Simplified Acute Physiology Score II; SOFA = Sequential Organ Failure Assessment; VIS = Vasoactive
Inotropic Score; ICU = Intensive Care Unit.

Among all patients, SOFA score was associated with mortality in univariate analysis
(p = 0.0003, ROC AUC 0.64) but not in multi-variable analysis (p = 0.1) (Table 3).

Non-survivors showed a median pre-ECMO VIS of 42 (11-105) and 222 (88-383) in
V-V and V-VA ECMO groups, respectively (p < 0.0001; Table 2C). Survivors, on the other
hand, showed a median pre-ECMO VIS of 19 (6-53) and 89 (27-257) in V-V and V-VA
ECMO groups (p = 0.0008; Table 2C).

In univariate analysis, we found an association between pre-ECMO VIS and mortality
(p < 0.0001, ROC AUC 0.68; Table 3). This association is particularly significant in the V-V
ECMO group (p = 0.001, ROC AUC 0.64) but not in the V-VA ECMO group (p = 0.18, ROC
AUC 0.68). The pre-ECMO VIS cut-off value for predicting mortality was 61.40 for all
patients and patients with V-V ECMO, and 114.67 for patients with V-VA ECMO (Table 2C).

In multi-variable analysis, pre-ECMO VIS is an independent risk factor for mortality
(p = 0.02; Table 3).

3.4. Survival Analysis

Kaplan—-Meier estimates that the V-VA ECMO group has a shorter median survival
time (16 days), as compared to V-V ECMO (34 days) (Log-Rank p = 0.002; Figure 2). Cox
proportional hazard model also estimates that during ICU stay there are 1.92 more survivors
in the V-V ECMO group than in the V-VA ECMO group (p = 0.003). However, both V-VA
and V-V ECMO groups show similar 25% cumulative survival probability at two months
after ECMO initiation (Figure 2).

3.5. Pre-ECMO VIS and ECMO Cannulation Strategy

In retrospective analysis, pre-ECMO VIS independently predicted our chosen cannula-
tion strategy (p < 0.0001, ROC AUC 0.82). We preferred V-VA ECMO modality in patients
with high VIS with a retrospectively calculated cut-off value of 100.5. Considering a cut-off
value of 100.5 in selecting V-VA ECMO as support modality, the sensitivity was 67%, the
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specificity was 82%, the positive predictive value was 45% and the negative predictive

value was 92%.

Table 3. Factors affecting overall ICU mortality in univariate and multi-variable analyses.

Univariate Analysis

Multi Variable Analysis

ECMO-Type (V-V and V-VA ECMO) p=0.01 p=09
Presence of septic shock p =0.02 p=09
Presence of cardiac morbidities p = 0.0002 p=02
(acute corl;ljlslfs)(:a(l):,Csir}()itliicczj?sfnyopathy) p < 0.0001 p =005
Presence of cardiac arrest p < 0.0001 p = 0.0002
Pre-ECMO VIS p <0.0001; ROC AUC 0.68 p =0.02
SOFA score p =0.0003; ROC AUC 0.64 p=0.1
SAPS II p <0.0001; ROC AUC 0.68 p=05
ICU length of stay p =0.0002; ROC AUC 0.66 p < 0.0001
Length of ECMO support p=0.55
Year of ECMO support p=0.01 p=05
Age (year) p =0.004; ROC AUC 0.61 p=0.1

Bold numbers represent statistical significance; SAPS II = Simplified Acute Physiology Score II; SOFA = Sequential
Organ Failure Assessment; VIS = Vasoactive Inotropic Score; ECMO = Extracorporeal Membrane Oxygenation;
V-V = Veno-Venous ECMO; V-VA = Veno-VenoArterial ECMO; pre-ECMO: immediately prior to ECMO initiation;
ICU = Intensive Care Unit; ROC AUC Receiver Operating Characteristic Area Under (the ROC) Curve.

50%

25%

Survival probability (%)

0%
0 25
Time (days)
Number at risk
V-V 182 73
V-VA 39 11

50

15

— \/-\/
- = V-VA

75

Figure 2. Kaplan-Meier curve for V-V and V-VA ECMO groups, Log-Rank p = 0.002. ECMO =
Extracorporeal Membrane Oxygenation; V-V = Veno-Venous ECMO; V-VA = Veno-VenoArterial ECMO.
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3.6. The Impact of V-VA ECMO in Patients with High Pre-ECMO VIS

Pre-ECMO VIS in patients with V-V ECMO was clearly associated with mortality
(p = 0.001, ROC AUC 0.64). However, V-VA ECMO disrupted this association (p = 0.18,
ROC AUC 0.68; Table 2).

V-VA survivors had a significantly higher pre-ECMO VIS compared to V-V ECMO
non-survivors (Figure 1A,B). Furthermore, V-VA ECMO significantly reduced VIS during
the first 48 h on ECMO (Figure 1B).

4. Discussion

The major findings of this study are (1) pre-ECMO VIS is an independent predictor
of survival, (2) a high pre-ECMO VIS might indicate the requirement of V-VA ECMO,
(3) V-VA ECMO reduces VIS during the first 48 h on ECMO support and (4) V-VA ECMO
group has a shorter median estimated survival time but a similar survival probability as
V-V ECMO group at two months after ECMO initiation.

To our knowledge, there is no validated scoring system for adults with (cardio-) respi-
ratory failure to determine the optimal peripheral ECMO cannulation strategy. The type of
ECMO support in primary respiratory failure should be selected based on hemodynamic
stability and echocardiographic findings. Pre-ECMO VIS might be useful, as it (1) is easily
determined at bedside with readily available parameters, (2) reflects the level of hemo-
dynamic stability, (3) acceptably predicts mortality and (4) might discriminate suitable
candidates for advanced cannulation strategies such as V-VA ECMO. Our study provides a
first step in validating pre-ECMO VIS for these specific purposes.

4.1. Predictive Performance of SAPS 11, SOFA Score and VIS

Previous studies reported that VIS predicts outcome in adult and pediatric cardiac
surgery [17,18]. Nevertheless, the application of VIS in adult patients with severe cardiores-
piratory dysfunction prior to and during ECMO support has not been evaluated.

Lee et al. reported a 27.32% survival rate in patients with a SAPS II score >70 before
V-A ECMO initiation for cardiogenic shock [19]. Similarly, our patients on V-VA ECMO
due to concomitant cardiopulmonary failure showed a median SAPS II score of 86 (68-97)
and 28% survival rate. In contrast, patients on V-V ECMO had a lower SAPS 1II score
of 76 (68-88) and a higher survival rate of 51%. Laimoud et al. reported that an initial
SOFA score >13 had a 85% sensitivity and 73.9% specificity (p < 0.001, ROC AUC 0.86)
for predicting hospital mortality in patients with cardiogenic shock supported with V-A
ECMO [20]. Our patients with V-VA ECMO showed an initial median SOFA score of
15 and a mortality rate of 72%. Patients on V-V ECMO had a SOFA score of 14 and a
mortality rate of 49%. These findings indicate a superior predictive performance of the
SAPS II and SOFA scores in patients with V-A and V-VA ECMO support, as compared to
V-V ECMO. As described by Fisser et al., this superiority might be due to the inclusion
of more variables reflecting cardiac than respiratory parameters in SAPS II and SOFA
scores [21]. This aspect might also cause the lack of statistical significance of both scores in
our multi-variable analysis.

Vogel et al. reported a 25% mortality rate in 12 adults who supported by V-VA ECMO
due to respiratory failure and septic cardiomyopathy [9]. Their patients had an initial
SOFA score of 10, however, no SAPS II score and no further details on vasoactive-inotropic
drug requirement was reported [9]. Based on the reported levosimendan and noradrenalin
dosage, the calculated VIS in their study was 82.

Our study shows a 72% mortality rate in 39 patients with V-VA ECMO support, who
had an initial SOFA score of 15 and a SAPS II score of 86. The last is associated with
an estimated ICU mortality of 95.4%. The observed median pre-ECMO VIS in our V-VA
ECMO group was 207. Retrospectively, V-VA ECMO was first initiated in patients with a
pre-ECMO VIS >100.5. Both SOFA score and pre-ECMO VIS in our V-VA ECMO group
were significantly higher than those reported by Vogel et al.
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4.2. Pre-ECMO VIS and ECMO Cannulation Strategy

In our analysis, SAPS II, SOFA score and pre-ECMO VIS show an acceptable overall
mortality prediction. However, the cut-off values of SAPS II on V-V ECMO and V-VA
ECMO were 74 and 76, which predicted 88% and 89.7% mortality rate, respectively. The
interval from each cut-off values and their predicted mortality rate is very small. Therefore,
SAPS Il might be less suitable in helping clinicians decide which ECMO modality makes the
most sense to use. Cut-off values of SOFA score for predicting mortality were 13 and 15 for
V-V ECMO and V-VA ECMO group. The interval from each cut-off value is also very small
and, thus, not particularly helpful in selecting ECMO modality.

Furthermore, laboratory results might not always be available to calculate SAPS II or
SOFA score in a high-urgency setting. Here, VIS has practical advantage. Pre-ECMO VIS
is easily calculated at the bedside, assesses the required hemodynamic support [11] and
offers assistance in selecting the optimal ECMO modality.

Our analyses suggest that pre-ECMO VIS can help to select the optimal ECMO modal-
ity. Retrospectively, we analyzed our institutional preference towards V-VA ECMO in
patients with pre-ECMO VIS >100.5 (p < 0.0001, ROC AUC 0.82). It had acceptable sensi-
tivity and specificity of 67% and 82%. The low positive predictive value of 45% and the
high negative predictive value of 92% were likely related to the small number of V-VA
ECMO cases.

V-VA ECMO has been shown to support hemodynamics in patients with cardiopul-
monary failure [6,9]. This observation is consistent with our results. After ECMO initiation,
there is a tendency for VIS to decrease in survivors, but not in non-survivors. Patients
who do not wean from vasopressor and inotropic support rapidly after ECMO initiation
are patients with severe or persistent hemodynamic instability and are more likely to
have a poor outcome. Figure 1B also illustrates the ability of V-VA ECMO to reduce the
required vasoactive-inotropic drugs on ECMO survivors. V-V ECMO on the other hand
(Figure 1A), does not seem to reduce VIS as effective as V-VA ECMO, both on survivors
and non-survivors. Based on pre-ECMO VIS, survival of V-V ECMO non-survivors might
be improved through V-VA ECMO.

4.3. The Impact of V-VA ECMO on Patients with High Pre-ECMO VIS

In our study, a pre-ECMO VIS of greater than 61.4 identifies patients with significantly
lower odds of survival. Among V-VA ECMO patients, the pre-ECMO VIS cut-off value
of 114.67, and the disrupted relationship between pre-ECMO VIS and mortality might
reflect the ability of V-VA ECMO to reduce the requirement of vasoactive-inotropic drugs
in a greater extent than V-V ECMO. In line with our findings, the European Society of
Pediatric and Neonatal Intensive Care recognizes that VIS greater than 200 is associated
with mortality and the requirement of V-A ECMO support in children with refractory septic
shock [13]. Brechot et al. reported a reduction in inotropic score, which is solely based
on dobutamine, epinephrine and norepinephrine from 250 to 14 within the first 12 h of
V-A ECMO support in adult refractory cardiovascular dysfunction during severe bacterial
septic shock [22]. Our data only show a VIS reduction from 207 to 77 within the first 24 h
of V-VA ECMO. This might be explained by the use of levosimendan which forms an
active metabolite that sustains its inodilator effects for up to a week [23]. In this study, we
integrated the dose of levosimendan to the VIS calculation for a week.

In Kaplan—-Meier analysis, the V-VA ECMO group, which has a significantly higher
pre-ECMO VIS, has a shorter median survival time as compared to V-V ECMO group
(16 vs. 34 days). However, both V-VA and V-V ECMO groups show similar 25% cumulative
survival probability at two months after ECMO initiation. This last finding might reflect the
ability of V-VA ECMO to support highly unstable patients with cardiorespiratory failure.

Furthermore, in agreement with Vogel et al., our findings suggest that earlier imple-
mentation of V-VA ECMO on patients with lower pre-ECMO VIS might improve survival.
Asillustrated in Figure 1A,B, V-V ECMO non-survivors had a significantly lower pre-ECMO
VIS as compared to V-VA survivors and, thus, might benefit from early V-VA support.
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We propose a routine VIS assessment to quantify hemodynamic alterations prior to
and during ECMO support. A transition from V-V to V-VA ECMO might be evaluated if a
VIS of 61 is reached. However, a pre-ECMO VIS of greater than 115 substantially reduces
the odds of survival, irrespective of the cannulation strategy.

Notably, the pre-ECMO VIS of V-VA ECMO survivors was significantly higher than
VIS of V-V ECMO non-survivors (89 vs. 42). Here, V-VA ECMO seems to disrupt the
association between pre-ECMO VIS and mortality due to factors mentioned previously.

4.4. Limitations

Our analysis shares the limitations of a retrospective review and its selection bias. Due
to the small number of cases, particularly in the V-VA ECMO group, individual cases are
only partially comparable, and the study population may not be large enough to pick up a
statistically significant difference.

Furthermore, we acknowledge the fact that VIS as calculated in this study reflects
(1) our institutional ECMO management, (2) our preferred method in the optimization of
cardiac pre- and afterload and (3) our preferred inotropic agent, as outlined in Appendix A.
Therefore, our results might not be applicable for other centers.

Of note, our workflow lacked a validated preload determinant during V-VA ECMO
support. In our ECMO center, preload status and fluid therapy were determined through
the passive leg raised test in conjunction with echocardiographic assessment. Passive leg
raised test was chosen as a substitute for volume expansion which has been validated
in one single center study in patients managed with V-V ECMO [24] but not in patients
supported with V-VA ECMO.

Lastly, we evaluated a cohort with primary respiratory failure (i.e., severe ARDS)
and concomitant, secondary cardio-circulatory failure due to septic shock or acute cor
pulmonale. In ARDS, septic shock and acute cor pulmonale, the right ventricle is the main
limiting factor of cardiac fluid-unresponsiveness and circulatory failure [25,26]. Thus, our
methods and findings might not be applied to patients with primary left heart failure
leading to cardiogenic shock.

5. Conclusions

The optimal ECMO cannulation strategy in primary respiratory failure should be
selected based on hemodynamic stability and echocardiographic findings. VIS is easily
calculated, reflects hemodynamic stability and independently predicts mortality in patients
managed with ECMO. In conjunction with echocardiography, VIS might assist clinicians
in caring for patients with severe (cardio-) pulmonary failure. In patients with VIS higher
than 61 immediately prior to ECMO initiation, a Veno-VenoArterial cannulation strategy
might be reasonable. Despite the significant hemodynamic compromise in the V-VA group,
both cannulation modalities show a similar survival probability at two months after ECMO
initiation. This finding might reflect the ability of V-VA ECMO to support highly unstable
patients with combined cardiorespiratory failure.
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Appendix A. Institutional Management Strategy for Patients on ECMO Support
Appendix A.1. Indications for V-V ECMO

In agreement with the guidelines established by the Extracorporeal Life Support Orga-
nization (ELSO) [27] and the ECMO to rescue Lung Injury in severe ARDS (EOLIA) trial [2],
ECMO is initiated in fully sedated patients (Richmond Agitation-Sedation Scale —5) with

e  arterial partial pressure of oxygen / fraction of inspired oxygen (PaO,/FiO;) less than
50 mmHg for longer than 3 h, or
PaO, /FiO; less than 80 mmHg for longer than 6 h or
persistent acidosis (arterial pH less than 7.25 and arterial partial pressure of carbon
dioxide (PaCO,) greater than 60 mmHg for longer than 6 h), despite protective mechan-
ical ventilation (a tidal volume of 6 mL/kg, a positive end expiratory pressure (PEEP)
adjustment according to the lowest elastance of the respiratory system and a driving
pressure less than 15 cm HyO) and prone positioning [2,28-31]. Prone positioning and
neuromuscular blocking agents are prescribed according to the attending physician.

Furthermore, ECMO is considered in severe ARDS persistence without clinical im-
provement, despite protective mechanical ventilation and at least two cycles of prone
positioning [2,32].

Appendix A.2. Indications for V-VA ECMO

V-VA ECMO is initiated in cases with concomitant cardiopulmonary failure (i.e., meeting
the V-V ECMO indications as described previously AND persistent tissue hypoperfu-
sion, systolic blood pressure less than 90 mmHg, cardiac index less than 2.0 L/min/ m2,
while receiving norepinephrine greater than 0.5 ug/kg/min, dobutamine greater than
20 ng/kg/min or equivalent and adequate cardiac preload).

Tissue hypoperfusion is identified with an increased arterial lactate level greater than
2 mmol/L. Cardiac preload status (i.e., fluid responsiveness) is determined by a passive leg
raised test and stroke volume measurement with echocardiography [24]. Passive leg raising
induced changes in stroke volume greater than 10% indicates fluid responsiveness [24].

As the right ventricle is the main limiting factor of cardiac fluid-unresponsiveness
and circulatory failure in ARDS, septic shock and acute cor pulmonale [25,26], further
echocardiographic assessment is completed to rule out right or left ventricular failure.

Right ventricular failure is clinically identified by a combination of systemic hypoperfu-
sion and systemic congestion with central venous pressure (CVP) greater than 8 mmHg [10].
Echocardiographic signs are

e anincreased systolic pulmonary artery pressure (sPAP), which is calculated at end-
expiration based on the maximal velocity (Vmax) of the tricuspid regurgitation
(sPAP =4 x Vmax2 + CVP),

e adilated right ventricle (ratio of the RV/LV end-diastolic area >0.6) in four chamber
view and

e the presence of an interventricular septal dyskinesia in the short-axis view of the
heart [25,33].

The presence of interventricular septal dyskinesia is termed cor pulmonale [26].
Left ventricular ejection fraction (LVEF) and cardiac output are assessed with Simp-
son’s biplane method and velocity time integral at the left ventricular outflow tract. A
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reduced LVEF of less than 40% and a calculated cardiac index less than 2.0 L/min/m? are
considered as a failing left ventricle [34,35].

In patients with cardiac failure, levosimendan is infused at a rate of 0.1 ng/kg/min.
Vasopressor (norepinephrine) and other inotropic drugs (dobutamine or epinephrine) are
adjusted to achieve an arterial lactate level less than 2 mmol/L, a mean arterial pressure
of 65 mmHg and a cardiac index greater than 2 L/min/m?, which is routinely evaluated
with echocardiography. The chosen inotropic agent depends on patient’s underlying
disease and the clinician’s preference. In cases with catecholamine refractory shock, V-VA
ECMO is initiated. We prefer to support these patients with V-VA ECMO to avoid upper
body hypoxemia.

To optimize the cardiac afterload and guide vasopressor therapy, the systemic vascular
resistance index is calculated as follows [36]

mean arterial pressure — central venous pressure)
cardiac index

x 80

SVRI values between 1800 and 2400 are considered normal.

Appendix A.3. Cannulation Strategy

The standard cannulation uses a 29 Fr multi-stage drainage cannula and a 23 Fr venous
return cannula, which are inserted through the right femoral and jugular veins, respectively.
V-VA ECMO is initiated with an additional 17 Fr arterial cannula and a 7 Fr leg perfusion
cannula, which are inserted through the left femoral artery.

Appendix A.4. ECMO Management

The ECMO blood and gas flow are adjusted to obtain an arterial partial pressure of
oxygen (PaO;) between 65 and 90 mmHg, an arterial partial pressure of carbon dioxide
(PaCO;y) under 45 mmHg and an arterial pH of 7.35-7.45 [2].

During ECMO support, the ventilator is set to a volume-controlled mode with a tidal
volume of 2 mL per kilogram of ideal bodyweight, a respiratory rate of 12 per minute and
a fraction of inspired oxygen of 40%. PEEP is titrated according to the lowest elastance of
the respiratory system, as described in our previous report [31].

If arterial lactate level starts to increase (greater than 2 mmol/L) under ECMO support,
a passive leg raised test in conjunction with echocardiographic assessment is performed to
evaluate cardiac preload and fluid responsiveness. A lack of fluid responsiveness requires
further echocardiographic assessment to rule out right or left ventricular failure.

In patients managed with V-VA ECMO, daily echocardiography is performed to ensure
aortic valve opening and to rule out left ventricular distension and mitral regurgitation.
If we detect cardiac recovery, the flow rate on the arterial cannula is gradually reduced
to a minimum of 1 L/min. After 24 h of hemodynamic stability with an arterial flow of
1 L/min, the arterial canula is surgically removed.

A positive fluid balance in patients with ARDS has been associated with an increased
mortality and duration of mechanical ventilation [37-39]. Thus, after an initial ECMO
stabilization period, we use diuretics or hemodialysis to facilitate a negative fluid balance.
Afterward, we promote spontaneous breathing by tapering the analgosedation. If clinically
feasible, an ECMO weaning trial is performed by reducing the ECMO gas flow to 0 L/min
for at least 24 h. ECMO support is discontinued if the PaO, is higher than 70 mmHg and
the arterial pH is greater than 7.25, with fraction of inspired oxygen less than 60% and an
inspiratory plateau pressure less than 30 cm H,O having been achieved [2].



J. Clin. Med. 2022, 11, 2390

13 of 15

respiratory failure £ V-VECMO
reduction of net fluid balance

norepinephrine infusion (MAP 2 65 mmHg)

serum lactate level > 2 mmol/L lactate
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fluid responsive RV / LV failure
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Figure A1. Clinical workflow on patients with respiratory failure. ECMO: Extracorporeal Membrane
Oxygenation; V-V: Veno-Venous; V-VA: Veno-VenoArterial; MAP: mean arterial pressure; RV: right

ventricular; LV: left ventricular; i.v.: intravenous.

Table Al. VIS assessment at various time points.

VIS Assessment Timeline All Patients V-V ECMO V-VA ECMO
ICU admission 18 (5-60) 13 (4-40) 73 (20-134) p =0.002
Pre-ECMO 40 (10-113) 30 (10-80) 207 (60-328) p < 0.0001
Day 1 32 (10-80) 29 (10-69) 77 (41-215) p <0.0001
Day 2 20 (8-52) 20 (7-50) 53 (18-97) p=0.03
ECMO end 20 (0-97) 10 (0-71) 50 (10-422) p=0.03

All values are presented as median (interquartile range Q1-Q3). Bold numbers represent statistically significant
differences. VIS = Vasoactive Inotropic Score; ECMO: Extracorporeal Membrane Oxygenation; V-V: Veno-Venous;
V-VA: Veno-VenoArterial; ICU: intensive care unit; pre-ECMO: immediately prior to ECMO initiation; ECMO end:

immediately prior to the termination of ECMO support.

Table A2. Causality assessment of using vasoactive inotropic drugs prior to ECMO initiation.

Vasoactive Inotropic Drugs V-V ECMO (1 = 182) V-VA ECMO (1 = 39)
Dopamine n=0 n=0
n =15 . decreased I)jV:fi%ction n=7
Dobutamine decreased LV function n =5

decreased RV function n =10

decreased RV function n =2
decreased biventricular functionn =1

n=>5
Epinephrine decreased LV function n = 3
decreased RV function n =2

n=9
decreased LV function n =5
decreased RV functionn =1
decreased biventricular function n = 3

Norepinephrine MAPn<=651>6r?1mH MAP < 2539 H
g < 65 mmHg
Milrinone n=0 n=0
Vasopressin n=0 MAP <n 6:52mmHg
n=7 . decreased L)i/:fjr?ction n=11
Levosimendan decreased LV function n = 4

decreased RV function n =3

decreased RV functionn =5
decreased biventricular function n = 4

All values are presented as n (%). ECMO: Extracorporeal Membrane Oxygenation; V-V: Veno-Venous; V-VA:
Veno-VenoArterial; LV: left ventricular; RV: right ventricular; MAP: mean arterial pressure.
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