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Venovenous extracorporeal membrane
oxygenation in adult respiratory failure

Scores for mortality prediction
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Abstract N\
Despite a potentially effective therapy for adult respiratory failure, a general agreement on venovenous extracorporeal membrane |
oxygenation (VV-ECMO) has not been reached among institutions due to its invasiveness and high resource usage. To establish
consensus on the timing of intervention, large ECMO organizations have published the respiratory extracorporeal membrane
oxygenation survival prediction (RESP) score and the ECMOnet score, which allow users to predict hospital mortality for candidates
with their pre-ECMO presentations. This study was aimed to test the predictive powers of these published scores in a medium-sized
cohort enrolling adults treated with VV-ECMO for acute respiratory failure, and develop an institutional prediction model under the
framework of the 3 scores if a superior predictive power could be achieved. This retrospective study included 107 adults who
received VWV-ECMO for severe acute respiratory failure (a P,0./FiO5 ratio <70mm Hg) in a tertiary referral center from 2007 to 2015.
Essential demographic and clinical data were collected to calculate the RESP score, the ECMOnet score, and the sequential organ
failure assessment (SOFA) score before VW-ECMO. The predictive power of hospital mortality of each score was presented as the
area under receiver-operating characteristic curve (AUROC). The multivariate logistic regression was used to develop an institutional
prediction model. The surviving to discharge rate was 55% (n="59). All of the 3 published scores had a real but poor predictive power
of hospital mortality in this study. The AUROCs of RESP score, ECMOnet score, and SOFA score were 0.662 (P=0.004), 0.616 (P=
0.04), and 0.667 (P=0.003), respectively. An institutional prediction model was established from these score parameters and
presented as follows: hospital mortality (Y)=—3.173+0.208 x (pre-ECMO SOFA score) +0.148 x (pre-ECMO mechanical ventilation
day) + 1.021 x (immunocompromised status). Compared with the 3 scores, the institutional model had a significantly higher AUROC
(0.779; P<0.001). The 3 published scores provide valuable information about the poor prognostic factors for adult respiratory
ECMO. Among the score parameters, duration of mechanical ventilation, immunocompromised status, and severity of organ
dysfunction may be the most important prognostic factors of VWV-ECMO used for adult respiratory failure.

Abbreviations: ARF = acute respiratory failure, AUROC = area under receiver-operating characteristic curve, CESAR =
conventional ventilatory support versus extracorporeal membrane oxygenation, ECMO = extracorporeal membrane oxygenation,
ELSO = Extracorporeal Life Support Organization, FiO, = fraction of inspiratory oxygen, MV = mechanical ventilation, PaCO, =
arterial carbon dioxide tension, PaO, = arterial oxygen tension, PEEP = positive end-expiratory pressure, PIP = peak inspiratory
pressure, RESP = respiratory extracorporeal membrane oxygenation survival prediction, SaO, = arterial oxygen saturation, SD =
standard deviation, SOFA = sequential organ failure assessment, SpO, = oxyhemoglobin saturation by pulse oximetry, VA =
venoarterial, /T = tidal volume, VV = venovenous.

Keywords: acute respiratory failure, ECLS, ECMO, ECMOnet score, RESP score, SOFA score

1. Introduction

Extracorporeal membrane oxygenation (ECMO) is an effective
respiratory support to correct hypoxemia in adult patients with
severe acute respiratory failure (ARF), which is not improved by
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advanced mechanical ventilation (MV)."2! According to the
database of Extracorporeal Life Support Organization (ELSO)
registered from 2000 to 2012, the overall salvage rate of ECMO
for ARF in adults is 57%."%! The venovenous (VV) mode is the
preferred mode of ECMO in this setting, and yields a significantly
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higher survival rate when compared with venoarterial (VA)
ECMO (VV vs VA: prevalence 82% vs 23%; survival rate 60%
vs 40%; P<0.001).°! However, ECMO has not gained full
acceptance among medical institutions worldwide due to its
invasiveness and high resource usage.*’! The fact that VV-
ECMO itself fails to bring survival benefits in the conventional
ventilatory support versus extracorporeal membrane oxygen-
ation (CESAR) trial increases the controversy of VV-ECMO for
AREF in adult patients.'” Furthermore, a delayed administration
of VV-ECMO (in general, MV >7 days before ECMO) is a
known risk factor that may turn this salvage therapy into futile
medical care.””™! Therefore, to establish consensus on the timing
of intervention, the ELSO and other European ECMO organiza-
tions have retrospectively analyzed their databases of adult
respiratory failure and launched some outcome-predicting scores
to enhance the decision-making process; 2 of them are the
respiratory extracorporeal membrane oxygenation survival
prediction (RESP) scorel® and the ECMOnet score.'®! Except
the 2 published scores, the sequential organ failure assessment
(SOFA) score!"is also a common tool used to predict mortalities
in adult ECMO.'">"! Since the therapeutic experience and
equipment may significantly differ among institutions, physicians
are encouraged to validate the predictive power of these
“packaged” scores with their own databases before using them
to recruit candidates.>'® The primary aim of this study was to
validate the predictive powers on hospital mortality of the 3
published models (RESP, ECMOnet, SOFA) with our patient
cohort of adult respiratory ECMO, and the secondary aim was to
develop an institutional prediction model under the framework of
these packaged scores to see if a superior predictive power could
be achieved.

2. Materials and methods

2.1. Study population

From March 2007 to April 2015, a total of 123 adult patients
received VV-ECMO for advanced respiratory support at Chang
Gung Memorial Hospital. This university-affiliated hospital is a
tertiary referral center with 3400 beds. To reduce the hetero-
geneities in disease severity and patient management, 16 patients
were excluded due to a requested transfer to another hospital (n=
1), switching to VA or mixed configuration of ECMO (n=35), and
death on VV-ECMO in the first 24 hours (n=10, hemorrhagic
shock soon after device implantation in 4 patients and shock
without obvious hemorrhagic focus in 6 patients). Therefore,
only 107 among the 123 patients who received a single run of
VV-ECMO and survived on VV-ECMO for >24hours were
enrolled in this retrospective study. This study was conducted in
accordance with the amended Declaration of Helsinki.'”! The
ethics committee of the Chang Gung Medical Foundation
approved the protocol (CGMF IRB no. 104-6277B) and waived
the necessity of individual patient consent.

2.2. The Institutional criteria for adult venovenous ECMO

Our indication of VV-ECMO was a deteriorating hypoxia (a
P,O,/FiO, ratio <70 mm Hg) under advanced MV (FiO, >0.8
and peak inspiratory pressure [PIP] >35cm H,0O). Nevertheless,
VV-ECMO was contraindicated in candidates showing (1)
uncontrolled hemorrhages, (2) obvious brain damages (intracra-
nial hemorrhages, infarctions, or mass), and (3) significant
hemodynamic instability before the intervention.
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2.3. Data collection

We retrospectively collected the demographic and clinical
variables required for calculating the RESP score, ECMOnet
score, and SOFA score before the administration of VV-ECMO
in each patient, from our institutional electronic medical record
(EMR) system. These medical records were registered from
March 2007 to April 2015. The following variables were
collected: age; sex; etiologies of ARF (viral pneumonia, bacterial
pneumonia, asthma, trauma and burn, aspiration pneumonia,
other acute respiratory diagnoses); immunocompromised status
(hematologic malignancy, solid tumor, solid organ transplanta-
tion, liver cirrhosis Child B or C, or autoimmune diseases
requiring long-term steroid or other immunosuppressive thera-
py)!>'?); nonpulmonary infection; bicarbonate infusion; arterial
blood gas measures; MV settings (MV duration, PIP and positive
end-expiratory pressure [PEEP]); and the outcomes (weaning off
VV-ECMO and surviving to discharge). For practical purposes,
we made some differences in the RESP score to its original
version. First, we defined patients having an “aspiration
pneumonitis” rather than a “bacterial pneumonia” if the
diagnosis of “aspiration” was made, although they had an
identified pathogen in their sputum cultures before ECMO.
Second, we assigned the patients with fungal pneumonia to the
category of bacterial pneumonia. Third, we excluded 3 items
(nitric oxide inhalation, neuromuscular blockade agents, and
cardiac arrest before ECMO) in the calculation of RESP score. As
our inclusion criteria of VV-ECMO for ARF in adults, patients of
VV-ECMO should be paralyzed with neuromuscular blockade
agents before ECMO and have a relative stable hemodynamics.
We excluded the item of nitric oxide inhalation because the
information of nitric oxide inhalation was often missing in our
EMR system before 2012. Fourth, we assigned a SOFA
neurological assessment score to each patient according to his/
her neurological status before sedation (the assumed Glasgow
Coma Scale),!*®! since all of them were sedated before VV-
ECMO.

2.4. Practice of VWV-ECMO in adults with respiratory failure

We have thoroughly described our techniques and therapeutic
protocol of VV-ECMO in our previous publications.">'*?"Figure 1
summarizes the major therapeutic goals of our VV-ECMO. We use
the Capiox emergent bypass system (Terumo Inc., Tokyo, Japan) and
the 2 cannula method (DLP Medtronic, Minneapolis, MN; femoral
inflow cannula: 19-23 French, jugular outflow cannula: 17-21
French) to perform VV-ECMO via percutaneous cannulation.
Initially, we maximize the sweep gas flow (10 L/min, pure oxygen)
to rapidly remove the CO,, and gradually increase the ECMO pump
flow to achieve a steady flow that carries the best pulse oximetry-
detected oxyhemoglobin saturation (5,0,). To rest the lung on VV-
ECMO, we change the setting of MV to a lung-protective level step by
step. At first, we use a pressure-control mode with a PIP <35 cm H,O
and a moderate PEEP (often 10-14 cm H,O) to obtain an estimated
tidal volume <6 mL/kg/min on VV-ECMO. Then we take arterial and
the postoxygenator blood samples to adjust the sweep gas flow and
the MV F,0,. We also adjust the pump speed dynamically to provide a
best S,0, (>90%) and 5,0, (>85%) to gradually taper the PIP to 30
cm H,0 and MV F,0, to 0.4. The hemoglobin is kept at a level of >10
g/dL to increase the capacity of oxygenation. Keeping a modest
anticoagulation on VV-ECMO with systemic heparinization is
necessary except in the hemorrhagic patients. The therapeutic range
of activated partial thromboplastin time is 40 to 55seconds. In
patients showing significant improvements, we would try to wean the
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Refractory ARF treated with VV-ECMO (N=123)

Inclusion Criteria

e P,0y/ FiOy ratio < 70 mmHg under advanced MV With
FiO; > 0.8 and PIP > 35 cmH,0

Exclusion criteria

* Uncontrolled bleeding

« Significant neurological dysfunction

+ Significant hemodynamic instability

Patients Included (N=107)

Cause of ARDS
* Pneumonia due to known pathogen (N= 58)
* Trauma (N=23)
+ Undefined etiology (N=35)

L4

Patients Excluded (N=16)

Cause of Exclusion
+ Transferred to another hospital
« Switched to mixed ECMO modes later
+ Death on VW-ECMO within 24 h

Therapeutic Goals on VV-ECMO

Arterial Oxygenations:
+  Sp0;290%, Sa0; 2 85%,
+ Pa0;>60, PaCO,30-40,
« pHaround 7.35- 7.45
. Post-oxygenator FiO; 1.0;

Lung-Protective Ventilation
PIP =35, PEEP 12-18,

Vr < 6 mifkg/min, RR=10/min,

FiO, tapered to 0.4

(pressure unit: cm Hy0)

Coagulations:
Hb = 10 g/dL,
Platelet > 80 10°/L,
aPTT 40-55 second.

+«  Post-oxygenator O, = 200.
(pressure unit; mmHg)

y

Weaned off ECMO (N=78)

* Improved CXR

* Pa0,>60 mmHg

« Sa0,= 85%

* PaCO;< 60 mmHg

+ Keep lung-protective ventilation with a MV F,0; < 0.6.

Survived to discharge (N=59)

Figure 1. Flow chart of patient distribution and managements during venovenous extracorporeal membrane oxygenation. ARF =acute respiratory failure, FiO,=
fraction of inspired oxygen, PaO, = arterial oxygen tension, PEEP = positive end-expiratory pressure, PIP = peak inspiratory pressure;, RR =respiratory rate, SaO, =
arterial oxygen saturation, SpO, = oxyhemoglobin saturation by pulse oximetry, V=tidal volume, VV-ECMO =venovenous extracorporeal membrane oxygenation.

patient from VV-ECMO as long as the arterial oxygenation could
be maintained under the lung-protective ventilation, with a MV
F0, <0.6.

2.5. Statistical analysis

Statistical analyses were performed with SPSS for Windows
(Version 15.0, SPSS, Inc., IL). For all analyses, the statistical
significance was set at P <0.05. The independent ¢ test was used
for univariate comparisons of the independent numerical
variables. If the numerical variables were not normally
distributed, the Mann—Whitney U test was used for univariate
comparisons. The chi-square or Fisher exact test was used to
compare the categorical variables. Data were presented as mean

+standard deviation (SD) for numerical variables with normal
distribution or median (interquartile range) for numerical
variables without normal distribution. The categorical data
were presented as number (percentage). The predictive power of
hospital mortality of each score was presented as the area under
receiver-operating characteristic curve (AUROC). The AUROCs
among prediction models were compared with a nonparametric
approach suggested by Hanley and McNeil.?!! The multivariate
logistic regression method with backward stepwise selection was
used to develop the institutional mortality prediction model.*?!
All variables with a P < 0.05 in univariate tests were tested by the
multivariate logistic regression analysis. Statistical significance
was assessed at the level of P < 0.05. The Hosmer-Lemeshow test
was used to assess goodness of fit for the institutional model. The
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Kaplan—Meier method was used to calculate the survival on
VV-ECMO. The endpoint for the survival analysis was death on
VV-ECMO.

3. Results

3.1. Univariate comparisons

The mean age of the 107 patients was 55 + 16 years and 73% (n=
78) of them were male. Figure 1 shows the flowchart of patient
distribution. The etiologies of ARF were categorized into 5
groups: bacterial pneumonia (n=36; 3 were fungal pneumonia,
and the top 3 bacteria were Staphylococcus aureus, Pseudomonas
aeruginosa, and Acinetobacter baumannii); viral pneumonia (n=
18; all influenza A); trauma and inhalation injury (n=21);
aspiration pneumonitis (n=3; 2 after surgeries of gastrointestinal
tract and 1 had tracheoesophageal fistula); and others (n=29; 16
were pneumonia without identifiable pathogens, 4 were pulmo-
nary hemorrhage caused by autoimmune vasculitis, 7 were
pulmonary edema in patients with chronic renal failure or after
cardiac interventions, 1 was neurogenic pulmonary edema after
cerebral aneurysm intervention, and 1 was pneumonitis after
near-drowning). The median duration of MV before VV-ECMO
was 3 (1-8) days. The mean values of pre-ECMO SOFA score,
RESP score, and ECMOnet score were 11+2, 0+3, and 5+2,
respectively. Seventy-three per cent (n="78) of the patients were
weaned off VV-ECMO and 55% (n=359) of them survived to
hospital discharge. Eight patients died for the major hemorrhagic
complications (intracranial hemorrhages in 3 patients, intra-
abdominal/retroperitoneal hemorrhages in 2 patients, diffuse
mucosal bleedings in 2 patients, and hemothorax in 1 patient)
during the support of VV-ECMO. The other nonsurvivors (n=
40) showed a dependence on respiratory supports, either VV-
ECMO or MV, and died with sepsis or multiple organ failure.
The median values of ECMO stay and hospital stay were 9 (5-15)
days and 43 (26-47) days, respectively. The actual survivals of
RESP score were 75% in class I (score >6), 68 % in class II (score
3-5), 63% in class III (score —1 to 2), 24% in class IV (score —5
to -2), and 38% in class V (score >—6) in this study. Figure 2
demonstrates the survival curve on VV-ECMO. Table 1 shows
the results of univariate comparisons of the score parameters
between the survivors and nonsurvivors. With ROC curve
analysis, the discriminative powers on hospital mortality of the
SOFA score, RESP score, and ECMOnet score were all significant
but poor in our patients (AUROC: 0.667, 0.662, and 0.616,
respectively).

3.2. Muiltivariate analysis

Since the published scores showed unsatisfactory results, an
institutional mortality prediction model was developed with the
multivariate logistic regression analysis. Table 2 shows the pre-
ECMO variables associated with hospital mortality in multivari-
ate analysis. The institutional mortality prediction model was
presented as follows: Predicted mortality (Y)=€%/(1+E%);
X=-3.173+0.208 x (SOFA  score before ~VV-ECMO)+
0.148 x (MV day before VV-ECMO)+1.021 x (immunocom-
promised status). The model explained 33.3% (Nagelkerke R?)
of the variance in hospital mortality and correctly classified 69.2
% of the cases (sensitivity: 78.0%; specificity: 58.3 %). This
predictive model also well-fitted the dataset (Hosmer-Lemeshow
test: x>=10.4, P=0.17). Table 3 shows the discriminative
(predictive) powers of the 4 models (the current model, the SOFA
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Figure 2. Survival curve on venovenous extracorporeal membrane oxygena-
tion (ECMO).

score, the RESP score, and the ECMOnet score). After pair-wise
comparisons, the AUROCs of the 3 scores were similar in
statistics, and the current model had a significantly higher
AUROC than the other 3 scores in this cohort. Table 4 shows the
scales of mortality estimated by the current model.

4. Discussion

The study was aimed to find a practical model to predict hospital
mortality in adult patients receiving VV-ECMO for severe ARF.
Such a tool may theoretically improve the successful rate of this
resource-demanding therapy by excluding the poor-prognostic
candidates from VV-ECMO, or by actively recruiting the good-
prognostic candidates before clinical deterioration. To meet this
purpose, we started to search the ideal model among the
published scores that have been used for mortality prediction in
adult respiratory ECMO. We chose 3 scoring systems (RESP
score, ECMOnet score, and SOFA score) that estimate hospital
mortalities based on patients’ characteristics presented before
ECMO. The RESP score and the ECMOnet score are specific
designed for adult respiratory ECMO and launched recent-
ly.31%1 Both of them are derived from multicenter databases and
verified with rigorous statistical methodologies. We also
incorporated the SOFA score and compared its predictive power
with the above mentioned scores, as the authors did in their
original studies.[>1%]

However, all the 3 scores showed a real but unsatisfactory
predictive power of hospital mortality in this medium-sized
cohort. This was not surprising since similar results are shown
in some recently published single-center studies of VV-
ECMO!314231 (Taple 5). In our opinions, the “expectation
gap” between the actual and the expected performance of these
scores may be mainly generated from 2 sources: the cohort
composition and the score parameters. The differences of cohort
composition among the single-center studies and the original
studies producing the 2 scores should be the first source of this
“expectation gap.” According to Table 3, a scoring system often
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Information before venovenous extracorporeal membrane oxygenation.

Survivor (n=59) Nonsurvivor (n=48) P

Age, y 4815 55417 0.04"
Male 43 (73) 35 (73) 1.0
Chronic renal failure 6 (10) 5 (10) 1.0
Hospital day before ECMO 45 (35-77) 37 (20-61) 0.008"
Mechanical ventilation before ECMO, d 1(0-4) 6 (2-13) < 0.001"
Cause of ARDS

Viral pneumonia 11 (19) 7 (15) 0.61

Bacterial pneumonia 14 (24) 22 (46) 0.02"

Asthma 0 0 —

Trauma and burn 15 (25) 6 (13) 0.14

Aspiration pneumonitis 3 (9 0 0.25

Other acute respiratory diagnoses 16 (27) 13 (27) 1.0
Acute associated infection 9 (15) 12 (25) 0.23
Immunocompromised status” 9 (19) 19 (40) 0.007"
Central nervous system dysfunction® 12 12 1.0
Bicarbonate infusion before ECMO 26 (44) 16 (33) 0.32
pH 7.24+0.15 7.24+0.14 0.8
P,CO5, mm Hg 59+25 61+19 0.66
Pa04/F0,, mm Hg 67 +56 68+33 0.9
Peak airway pressure, cm H,0 35+5 37+7 017
PEEP, cm H,0 14+3 12+3 0.44
Creatinine, mg/dL 24+31 22427 0.75
Total bilirubin, mg/dL 1.4+19 22+35 0.18
Platelet count, 10%/L 180+107 122492 0.04"
Hematocrit, % 32 (29-39) 29 (27-34) 0.008"
Leukocyte count, 10%/L 13.8+10.3 13.1+£09 071
SOFA score 9+2 10+2 0.005
RESP score 2 (0-3) —1(—4102) 0.004"
ECMOnet score 542 642 0.03

Data were presented as mean + standard deviation in normal-distributed numerical variables, median (interquartile range) in numerical variables not normal-distributed, and n (%) in categorical variables.
ECMO = extracorporeal membrane oxygenation, ECMOnet score = score developed to predict mortality risk of patients treated by venovenous ECMO for flu-related ARDS, PEEP = positive end-expiratory pressure,
RESP score =respiratory extracorporeal membrane oxygenation survival prediction score, SOFA=sequential organ failure assessment.

“Pp<0.05.

¥ Immunocompromised status includes hematologic malignancy, solid tumor, solid organ transplantation, liver cirrhosis Child B or C, or autoimmune diseases requiring long-term immunosuppressive therapy.
* Central nervous system dysfunction includes diagnosis with minor neurotrauma, minor infarction, and seizure without organic lesions in brain computed tomography.

performs better in its original cohort than in the validated
cohort."®! Some equivocal results are shown in 2 studies
performing external validation of RESP score and not well-
explained by the authors.®**! In fact, the tested cohorts could
never be exactly the same with the original cohorts that produce
these “packaged” scores, and some adjustments of the original
scores may be necessary to fit the clinical demands among
institutions. For example, the RESP score has a complex
classification of the diagnoses in ARF and this may distort the
score assigned to each etiology in a median-sized cohort. In its
original cohort, more than half of the patients (1371 in 2355)

belonged to undetailed categories of “others acute respiratory
diagnoses” and “other (diagnosis).”’® All of the definite
diagnoses (bacterial pneumonia, viral pneumonia, aspiration
pneumonitis, asthma, and trauma) have similar survival rates,
from 64% to 70%."! The overall survival rate of patients with
definite diagnoses is significantly higher than the overall survival
rate of the patients with undetailed diagnoses (68% vs 49%; P <
0.001, recalculated).®! Thus, RESP score may become more
attractive to physicians if it has a simplified classification for the
diagnoses in ARF. Except the complex definitions in score
parameters, these “packaged” scores may also have decreased

The variables associated with hospital mortality in multivariate analysis.

0dds ratio (95% Cl) P in multivariate analysis

Variables B coefficient
Immunocompromised status 1.021
Mechanical ventilation day 0.148
SOFA score 0.208
Intercept -3.173

2.776 (1.007-7.649) 0.048
1.159 (1.059-1.269) 0.001
1.231 (1.006-1.506) 0.044

0.042 0.002

All variables record the patients” characteristics before the administration of venovenous extracorporeal membrane oxygenation (ECMO). The variables were recruited to the model with backward stepwise

selection.

Immunocompromised status includes hematologic malignancy, solid tumor, solid organ transplantation, liver cirrhosis Child B or C, or autoimmune diseases requiring long-term immunosuppressive therapy.

Predicted mortality ())=€%/(1+ &%)

X=-3.173+0.208 x (SOFA score before VW —ECMO)+0.148 x (MV days before VW —ECMO)+1.021 x (immunocompromised status).

Cl=confidence interval, SOFA=sequential organ failure assessment.
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Discriminative power of scoring systems on hospital mortality.

Model AUROC SE 95% Cl P Difference between AUROC (P)
ECMOnet score 0.616 0.055 0.517-0.708 0.04 —
RESP score” 0.662 0.053 0.564-0.751 0.004 To ECMOnet score: 0.046 (P=0.47)
SOFA score 0.667 0.053 0.569-0.755 0.003 To RESP score: 0.004 (P=0.94)

To ECMOnet score: 0.051 (P=0.24)
Current model 0.779 0.046 0.689-0.854 <0.001 To ECMOnet score: 0.163 (P<0.001)

To RESP score: 0.117 (P=0.01)
To SOFA score: 0.112 (P=0.02)

Current model: predicted mortality (y)=€%(1 + €%.

X=-3.173+0.208 x (pre-ECMO SOFA score)+0.148 x (pre-ECMO MV day) +1.021 x (immunocompromised status).

AUROC=area under receiver-operating characteristic curve, Cl=confidence interval, ECMO = extracorporeal membrane oxygenation, ECMOnet score=score developed to predict mortality risk of patients
treated by venovenous ECMO for flu-related ARDS, RESP score = respiratory extracorporeal membrane oxygenation survival prediction score, SE = standard error, SOFA =sequential organ failure assessment.
" The RESP score were reversed (multiplying the score by —1) for predicting the risk of mortality rather than survival in its original design.

predictive powers in a specific disease because of neglecting
factors which have significant impacts on prognosis. For
example, studies using SOFA score to predict hospital mortality
in ECMO-treated patients often yield unsatisfactory results. An
obvious disadvantage of using SOFA score to predict hospital
mortality in adult respiratory ECMO is not taking the length of
pre-ECMO MYV into consideration, which is an important poor-
prognostic factor in this patient group.!”!

Despite none of the 3 published scores performing perfectly in
this study, they do help physicians to see the big picture of adult
respiratory ECMO. Rather than their predictive powers of
mortality in a specific cohort, these published scores are more
important in providing the comprehensive knowledge of
important prognostic factors for adult respiratory ECMO. These
scores therefore may guide investigators to find their future
directions for outcome improvement in a more efficient way.
During the validation process of the 3 packaged scores, we also
needed to perform a detailed analysis of all the parameters
included in the scores. We found that the duration of MV, the
immunocompromised status, and the SOFA score were indepen-
dent predictors of hospital mortality in adult patients who were
ready to be treated with VV-ECMO. Therefore, we built our
institutional model with the 3 independent predictors and yielded
an increased discriminative power than the original scores in this
cohort. The model could be easily applied at bedside with a table

demonstrating the estimated risks of mortality according to the
combinations of the 3 predictors (Table 4). Based on our results,
we agreed the viewpoint that VV-ECMO should not be
recommended for treating ARF in immunocompromised patients
with prolonged pre-ECMO MV and multiple organ failure,"!
since the mortality rate may be extremely high.

The major limitations of this study are its retrospective design
and limited sample size. It was a pilot study and the model would
need to be validated in different settings and populations. It did
not provide a comprehensive discussion of adult respiratory
ECMO since some high-risk patients were excluded to increase
the homogeneity in patient management. These high-risk groups
were patients who died quickly on VV-ECMO and patients who
required VA or mixed configurations of ECMO. Patients who
died quickly on VV-ECMO often showed refractory hypotension
soon after the device implantation, and there is often insufficient
evidence to draw a solid conclusion about the cause of their
deaths or to predict it. Patients requiring VA or mixed
configurations of ECMO often have an advanced disease and
showed unstable hemodynamics due to a combined cardiopul-
monary failure.”>* Many studies have separated these patients
from the discussion of adult respiratory ECMO since they have a
different risk of hospital mortality than the patients who could be
stabilized by VV-ECMO.[”'3M! In fact, no matter what
configuration of ECMO is chosen, the prime task of the ECMO

Scale of predicted hospital mortality rates (%) with venovenous extracorporeal membrane oxygenation in adult patients with acute

respiratory failure.

Sequential organ failure assessment (SOFA) score before intervention with VV-ECMO

6 7 8 9 10 11 12 13 14 15 16
Predicted mortality

Mechanical ventilation day 0
Not immunocompromised 13 15 18 21 25 29 34 38 44 49 54
Immunocompromised 29 33 38 43 48 53 59 63 68 72 76

Mechanical ventilation day 2
Not immunocompromised 16 19 23 27 31 36 41 46 51 56 61
Immunocompromised 35 40 45 50 56 61 65 70 74 78 81

Mechanical ventilation day 7
Not immunocompromised 29 34 38 43 49 54 59 64 69 73 77
Immunocompromised 53 58 63 68 72 76 80 83 86 88 90

The institutional mortality prediction model: predicted mortality ())=€X/(1+€%). X=—3.173+0.148 x (mechanical ventilation day before ECMO)+0.208 x (SOFA score before ECMO)+1.021 x

(immunocompromised status).
The range of SOFA score was 6 1016 in this study.
Mechanical ventilation day indicates mechanical ventilation days before ECMO.

Immunocompromised status includes hematologic malignancy, solid tumor, solid organ transplantation, liver cirrhosis Child B or C, or autoimunne diseases requiring long-term immunosuppressive therapy.
SOFA =sequential organ failure assessment, VV-ECMO = venovenous extracorporeal membrane oxygenation.
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Table 5

Recent publications focused on developing or validating a mortality prediction model in adult respiratory extracorporeal membrane oxygenation with receiver operating characteristic curve

analysis.

Discriminative power of mortality prediction

95% CI
0.74-0.96
0.57-0.86
0.72-0.76

AUROC

Tested model

ECMOnet score
SOFA score

ECMO mode

Number (mortality)

Patient resource (study period)

Main purpose (score name)

Author (published year)

0.86

0 (32%)

Multicenter prospective (Italian ECMOnet registry, 2009)

Score develop (ECMOnet score)

Pappalardo et al (2013)

0.71
0.74

RESP score

W, VA, mixed

2335 (43%)

Multicenter retrospective (ELSO registry, 2000-2012)

Score develop (RESP score)

Schmidt et al (2014)

140)

External validation (n

RESP score

0.89-0.97
0.48-0.67
0.54-0.68
0.54-0.67
0.73-0.84
0.5-0.8

0.92
0.58
0.61
0.60
0.79
0.65
0.81

SOFA score

SOFA score

W

304 (38%)

Single-center retrospective (2008-2013)

Score develop (institutional model)

Enger et al (2014)

ECMOnet score

Institutional model

51);

RESP score in all (n

W, VA

51 (45%)

Single-center retrospective (2008-2013)

Score validation (RESP score)

Klinzing et al (2015)

0.67-0.95

36)

RESP score in W (n

SOFA score

NS

0.63-0.87

0.75

SOFA score

65 (52%)

Single-center retrospective (2006-2011)

Score develop (institutional model)

Chiu et al (2015)

sequential organ

score developed to predict mortality risk of patients treated by venovenous ECMO for H1N1-related ARDS, RESP score = respiratory extracorporeal membrane oxygenation survival prediction score, SOFA=

extracorporeal membrane oxygenation, ECMOnet score

ECMO
failure assessment.

www.medicine.com

specialists is to quickly stabilize the patient. A pre-ECMO
echocardiography is very helpful in deciding the ECMO
configuration.***’! The VA rather than VV-ECMO should be
used in patients showing a strained right ventricle with significant
tricuspid regurgitation in bedside echocardiography. The VA-
ECMO directly improves the arterial oxygenation and provides a
better perfusion of vital organs than VV-ECMO. However, since
the VV-ECMO provides a prepulmonary gas exchange and is
more physiological, the VA-ECMO may need to be changed to
VV configuration after a couple of days if the native lungs are not
well recovered.?! Therefore, heart-lung interactions before and
during different configurations of ECMO should be an important
direction of research to define the optimal timing and
configuration of adult respiratory ECMO in specific scenarios.!*”!

5. Conclusions

The RESP score, the ECMOnet score, and the SOFA score
provide valuable information about the poor-prognostic factors
for adult respiratory ECMO. Nevertheless, some adjustments of
the score parameters may be necessary to fit the clinical demand
among institutions. Among the score parameters, duration of
MV, immunocompromised status, and severity of organ
dysfunction may be the most important prognostic factors of
VV-ECMO used for adult respiratory failure.
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