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Introduction
 In the past few decades, the use of Extracorporeal Membrane Ox-
ygenation (ECMO) in intensive care medicine has grown exponen-
tially. Extracorporeal life support has advanced to an important treat-
ment for severe respiratory and/or cardiac failure that is refractory 
to conventional rescue treatments [1]. It targets critically ill patients 
who would otherwise face a grim prognosis with a high mortality rate 
[2]. A life support circuit which includes a membrane oxygenator in 
either venovenous or venoarterial configuration is implanted to assist 
respiratory and occasionally cardiac function [3]. The outcome of this 
technique has improved steadily over time as a result of better equip-
ment and greater experience. The number of patients treated with 
ECMO increases continuously which raises new ethical questions 
about when to initiate or terminate extracorporeal life support [4].

 Although this treatment could save the lives of critically ill pa-
tients, it is still accompanied by a relatively high rate of complica-
tions. Therefore, a careful risk-benefit analysis must be conducted to 
select the patients who would most likely benefit from ECMO. The 
survival rate varies depending most notably on the indication, patient 
group and ECMO center. In total, it amounts to about 50 to 60 percent 
[5].

 For a reasonable risk stratification, outcome prediction scores were 
developed to estimate the chances of survival of ECMO patients. The 
basis of these scoring systems are forms built up of graphical con-
trol elements with certain parameters. Each parameter is assigned a 
positive or negative score. Items with a positive score are protective 
factors which are believed of increasing the chances of survival, those 
with negative scores are risk factors that can be linked to a worse 
outcome. The scores are added to a total score that in turn gives an 
approximation of the survival probability in percent.

 In the treatment of ECMO patients, an individual severity assess-
ment through scoring systems could be used to estimate the surviv-
al probability of potential candidates for ECMO, to inform relatives 
about the condition of the patient and to enable a risk-adjusted com-
parison of outcomes between centers [6]. Additionally, ECMO de-
mands a high amount of human and financial resources. Hence, a ra-
tional allocation of these limited resources is also of great importance 
[7].

 The Extracorporeal Life Organization (ELSO) is an international 
non-profit consortium of health care institutions. Its aim is to main-
tain a registry of extracorporeal membrane oxygenation use in ELSO 
centers. Another mission is to sustain guidelines regarding the appli-
cation of ECMO. Today, over 350 centers worldwide are ELSO mem-
bers and have together reported over 65000 ECMO treatments [8].
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Extracorporeal Membrane Oxygenation (ECMO) is increasingly 
being utilized as a life support for severe respiratory and/or cardi-
ac failure refractory to conventional treatments. For a reasonable 
risk stratification, several outcome prediction scores were developed 
to estimate the survival probability of ECMO patients. In the prac-
tical part of the underlying project, an extensive ECMO database 
in form of a web application consisting of 13 different forms made 
up of graphical control elements was programmed using Python on 
behalf of a particular health care institution. The aim of this study 
was to investigate outcome prediction factors of two selected scor-
ing systems and to impart information about the programming of a 
database application. Age, duration of intubation or mechanical ven-
tilation prior to ECMO, immunosuppression, weight, haemodynamic 
and respiratory parameters, application of drugs, diagnosis groups 
and associated complications are among the influencing factors that 
either have a positive or negative impact on the outcome and are 
used to predict the survival chances of ECMO patients. It can be 
concluded that risk factors outnumber protective factors and that the 
accuracy of the scores may be considered as questionable due to 
the complex nature of the issue and the abundance of unpredictable 
factors. With the database, a sustainable contribution to optimize 
procedures can be achieved.
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 Inspired by the ELSO database, a similar database for a particular 
hospital should be built up to collect and save all data regarding the 
application of ECMO in this health care institution. Firstly, a proto-
type was programmed that in the next step has to be integrated into the 
clinic´s own system. This database application consists of a total of 13 
web forms made up of different graphical control elements in which 
the parameters are sorted by topic. The forms include parameters that 
are included in the ELSO database as well as specially defined pa-
rameters. Built-in interactive functions and features were integrated 
to facilitate operations. Most databases, including the present one, are 
relational databases. These are composed of tables through which all 
accesses are conducted. All tables are connected via relations which 
are saved in the tables [9]. Besides selection and search functions, the 
programmed database must also enable management functions [10].

 Despite the vast expansion of extracorporeal life support, some 
outcome factors have not yet frequently been studied. The objective 
of this paper is to impart a better understanding of outcome prognosis 
factors and the programming of a database application. 

 We hypothesized that the analysis of prognosis factors and the pro-
gramming of a database would optimize procedures and organization 
of ECMO in this particular health care center.

Materials and Methods
 The database application was programmed using Python as pro-
gramming language. It was created within the scope of a web frame-
work named Django. A framework covers by definition all software 
components that provide an application architecture. In addition, 
JavaScript was utilized to program certain functions as well as the 
markup language HTML to create the front-end-part of the applica-
tion.

 Each of the 13 forms deals with a different topic. The overview 
page contains the basic information of the patients treated. The first 
form to be filled out is the admission form. It includes the demo-
graphic data regarding the admission and ECMO configuration. The 
Pre-ECMO form holds facts surrounding intubation as well as venti-
lator settings and haemodynamic parameters. The transport form con-
tains data of an eventually performed transportation on ECMO. The 
indication form carries information about the indication for ECMO, 
blood gases and catecholamins. The daily base form contains data of 
daily performed procedures, laboratory results and infectious organ-
isms. A form named cardiac supplementary form collects information 
about pre-, inter- and post-operative echocardiography. The implan-
tation form includes data about the equipment that is used for ECMO 
runs. The Pediatric/Neonatal form contains special information sur-
rounding the use of ECMO on infants and children. Moreover, the 
complications are registered by an own form made up of checkbox-
es. The ECPR supplementary form, Weaning/Explantation form and 
change of configuration form include data about the topic the form is 
named after. Lastly, the epicrisis form holds facts about the outcome 
of the treatment.

 Two different prognosis scoring systems were analyzed which 
can be retrieved on the official ELSO website. The RESP Score (Re-
spiratory ECMO Survival Prediction Score) gives an estimation of 
the survival rate for adult ECMO patients with respiratory failure. 
The SAVE Score (Survival After Veno-arterial ECMO) approximates 
the survival rate of patients undergoing VA-ECMO. Both appear as  

forms with radio buttons and toggles as graphical control elements. 
The RESP score ranges from a total score of -22 to 15, the SAVE 
score from a score of -35 to 17. A higher score corresponds to a better 
survival rate and a score of 0 approximates to a survival rate of 50 
percent.

 The RESP score is built up of following items as prognosis fac-
tors: age, immunocompromised status, duration of mechanical venti-
lation prior to ECMO, acute respiratory diagnosis group, central ner-
vous system dysfunction, acute associated (nonpulmonary) infection, 
neuromuscular blockade agents before ECMO, Bicarbonate infusion 
before ECMO, nitric oxide use before ECMO, cardiac arrest prior to 
ECMO, PaCO2 (carbon dioxide partial pressure) and peak inspiratory 
pressure.

 The SAVE Score consists of the following prognosis factors: acute 
cardiogenic diagnosis group, age, weight, acute pre-ECMO organ 
failures (liver failure, central nervous system dysfunction, renal fail-
ure), chronic renal failure, duration of intubation prior to initiation of 
ECMO, peak inspiratory pressure, pre-ECMO cardiac arrest, diastolic 
blood pressure before ECMO, Bicarbonate prior to ECMO and a con-
stant value of -6 to added to all calculations.

Results
 To program a form that is connected to a database, several steps 
need to be passed through. In this part, the components of the da-
tabase application as well as important operational steps and back-
ground information are explained. Additionally, the structure of the 
forms are described and additional features are outlined. Django as 
a web framework follows a specific software design pattern that all 
modern web frameworks have in common. In this case, the applica-
tion is based on the so-called MTV model that consists of the three 
components model, template and view. The model defines the struc-
ture of the data and also provides the interface to the underlying da-
tabase, the template is the part of the application seen by the user and 
the view acts as a link between model and template [11].

 A database application generally consists of two components, the 
front-end and the back-end. The front-end represents the graphical 
User Interface (GUI) and illustrates the data seen by the user. The 
back-end is the database itself which manages the data automatically 
in the background.

 A model can be described as a single, definitive source of infor-
mation of the data saved [12]. It includes the fields and behavior of 
the data that is being stored. This part of the application is made up 
of several classes and subclasses that each represent a table in the 
database. Every class contains a specific number of fields that each 
correspond to a column in the tables. In accordance with the classes 
in the models, objects are created and saved in the views. The classes 
and thus the tables are connected via foreign keys which also enable 
an interaction between the tables. 

 In a web framework, there must be a practical way to generate 
HTML (Hypertext Markup Language) dynamically. The templates are 
as opposed to other components of the program written in the markup 
language HTML. A template contains both the static part of the de-
sired HTML output and the special syntax of how the dynamic con-
tent is inserted. Templates are practically simple text files that support 
and display every text-based format such as HTML, XML and CSV. 

http://doi.org/10.24966/ACC-8879/100028
http://doi.org/10.24966/ACC-8879/100054


Citation: Regler S, Hulde N, Hoechter D, von Dossow V (2020) Prognosis Scores of Extracorporeal Membrane Oxygenation and Programming of a ECMO Data-
base. J Anesth Clin Care 7: 54.

• Page 3 of 7 •

J Anesth Clin Care ISSN: 2378-8879, Open Access Journal
DOI: 10.24966/ACC-8879/100054

Volume 7 • Issue 2 • 100054

A template consists of variables that are replaced by a value as well as 
tags that illustrate the logic of the templates and manage their control 
flow [13].

 Besides pure navigating on the website, interactive web applica-
tions must have advanced functionalities. In this project, it includes 
the submission of form data, its processing and subsequent deposit in 
the database. For this function, technical requirements must be ful-
filled. The data entered by the user needs to be handed over to the 
application server through an interface. In this context, the Hypertext 
Transfer Protocol (HTTP) offers two possibilities of argument trans-
fer: GET and POST [14]. In general, the HTTP serves as a commu-
nicator between client and server. The function GET requests data 
from a specified source, the other method POST submits data that is 
processed to a stated resource [15]. Both GET and POST work with 
HTML forms as mediator that connect the named placeholders with 
the data [14].

 Loading and accessing a form takes place in a certain way. When 
a site is requested, Django creates a http Request object that contains 
the metadata of the request. Subsequently, Django loads the corre-
sponding view. Every view is responsible for returning an answer in 
form of a httpResponse object [16]. All objects that are handed over 
are packed in the so-called context. A context is in general a series 
of variable names and their values. A template uses these to fill their 
variables and to evaluate their tags[13].

 The Graphical User Interface (GUI) determines the appearance of 
the site. These are built up of windows with different graphical con-
trol elements, also called widgets. The most common widget in the 
forms is a simple text field. Further graphical control elements are 
number fields, date and time fields in their typical format, checkbox-
es, radio buttons and drop-down-menus. Checkboxes which have a 
quadratic form and radio buttons which have a round form can each 
take up one of two possible states, either activated or deactivated. In 
a group of interrelated items, none up to all checkboxes can be select-
ed independently whereas with radio buttons, only exactly one item 
can be selected and thus activated. Drop-down-menus have the same 
function as radio buttons and allow a better overview when there are 
multiple selectable items.  At the end of the forms, there are two but-
tons to confirm and send the form that has just been filled out and to 
return to the main page.

 JavaScript is one of the widespread script languages that allows 
among other aspects to build in interactive functions in a website. 
In general, it is used to design and to control the behavior of a web-
site in an event-controlled matter [17]. In this project, JavaScript was 
utilized to manage the behavior of checkboxes and radio buttons in-
stantaneously through simple clicking on the buttons. This is done by 
integrating JavaScript in the HTML code. Firstly, all elements needed 
for a certain function are collected in an array, followed by addition-
al details. Under the usage of boolean variables, the behavior of the 
checkboxes or radio buttons are controlled depending if it is the first 
or second click on the button. This as well as the type of graphical 
control element causes different actions. The function checks each 
parameter if it is activated or deactivated. Several constellations are 
covered by the function. This includes a checkbox placed in front of 
a text field which is activated by a click on the checkbox, to intercept 
missing information and to activate or deactivate a group of interre-
lated fields. 

 In the database, another feature is integrated that calculates certain 
parameters automatically including necessary unit conversions using 
the data entered by the user. This includes the BMI (Body Mass In-
dex), BSA (Body Surface Area), IBW (Ideal Body Weight) and ABW 
(Adjusted Body Weight) with generally valid formulas. The age is 
calculated by cutting out parts of a string and then subtracting the 
birth date from the current date. Similarly, the ECMO running time is 
computed by subtracting the date of the installation of ECMO from 
the current date. In all cases, the results were rounded to a clear value.

 The functionalities of the database can be expanded with further 
innovative functions. The static insertion of contents can be con-
nected to dynamic functionalities. For example, while filling out the 
forms, it is possible to program a function that evaluates and gives a 
prediction of the entered parameters instantly. Also, after completing 
a form, an instant analysis of the entered data based on SQL could 
be built in. Another possibility is to arrange a graphical display on a 
tablet using webgraph or jqueryUI. Furthermore, an XML interface 
can be programmed. This links the database to Microsoft Excel and 
allows an import of laboratory data under the usage of an import func-
tion (Figure 1). 

 The user is presented with the frontend (GUI: graphical user inter-
face) when calling up the URI (uniform resource identifier) in the web 
browser. After requesting the site through the entry of the URI/URL, 
the backend is prompted via GET command to display the website 
and for this purpose to create the HTML dynamically, for example via 
variables that are filled out by the business logic or database before 
they are returned to the frontend. In this example, a dropdown menu 
is filled out with values. After giving up the GET command (1) these 
are retrieved from the database (2) and via the context function (3) 
handed over to the template (4). These are rendered and the dropdown 
is filled out with values (5). When a user hereupon selects one of these 
entries in the rendered HTML of the user interface and clicks on the 
“save“ button (6), the POST-branch is passed through in the back-
end (view) which requests the selected value. This is allocated to the 
object that is deposited in models.py and connected to the database. 
The object is then linked to the current user and saved in the sqlLite 
database (7). 

Figure 1: Overview of the programming steps.
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Discussion
 The outcome is determined by a complex interaction between sev-
eral influencing factors which are also capable of influencing one an-
other mutually. The most important prognostic factors of the scoring 
systems are shown in figure 2. Protective factors equal to a positive 
score, risk factors have a negative score. Some particular factors like 
age can either have a positive or negative influence on the prognosis 
depending on the manifestation or reference value.

 The age can be considered as a major predictive factor for the 
survival probability of ECMO patients and is thus represented in both 
scoring systems. In the RESP Score, a negative value of -2 (ages 50-
59) or -3 (age 60 and above) is added to the total score. In the SAVE 
Score, a young age (18-38 years) has the highest positive score of 7 
of all items and thus increases the survival probability drastically. In 
both scores, the survival probability drops disproportionately from an 
age of around 60 and above. The scores clearly indicate that in regard 
to ECMO, a high age is a risk factor that limits the chances of survival 
and is associated with a significantly higher mortality. Thus, lower 
success rates must be assumed. This can be backed up with previous 
studies to this topic and the ELSO guidelines [18-19]. However, an 
absolute age limit for ECMO is not defined in the ELSO guidelines 
which means that a therapeutic attempt in senior patients is potential-
ly justifiable if there is a sufficient recovery potential. For newborns 
and/or children, other specially designed scoring systems are used. 
The scoring systems also highlight the differences of ECMO applica-
tion in the various age groups.

 In the RESP Score, an immunosuppression is categorized as a risk 
factor and equals to a score of -2. For instance, complications like 
infections are seen more often in immunosupprimised patients. These 
possible complications could be in turn risk factors with a negative 
impact on the outcome. This could lead to an additive effect of nega-
tive factors which can worsen the outcome significantly.

 The weight is another demographic parameter incorporated in the 
SAVE Score. According to this scoring system, a weight below 90 
kilograms has a positive score of either 1 or 2 which means that it  

is assumed to have a positive impact on the prognosis. This how-
ever contradicts other studies about this topic. In a study of Cho et 
al., overweight patients with pneumonia treated with ECMO experi-
enced, contrary to previous expectations, a better outcome [20]. It is 
unsure of how to classify this finding because it is also contradictory 
to the reasonable argument that obesity may complicate the implanta-
tion and maintenance of ECMO. Nevertheless, it must be emphasized 
that the weight as a predictive factor is assumedly rather questionable 
because the height and the gender is not considered in the calculation. 
In another scoring system for ECMO patients, a high BMI is declared 
as a positive factor for the prognosis [21]. This then again would cor-
respond to the findings of Cho et al.

 Another important prognostic factor that appears in both scores is 
the duration of intubation or mechanical ventilation prior to ECMO. 
An intubation duration of over 30 hours before ECMO has a score of 
-4 (SAVE Score), a mechanical ventilation of under 48 hours prior to 
ECMO amounts to a score of 3 (RESP Score). This suggests that a 
long intubation and mechanical ventilation time tends to decrease the 
survival chances. This could be explained by the effects that a long-
term intubation has on the critically ill patients. Prolonged intubation 
and mechanical ventilation may enhance systemic inflammatory pro-
cesses and increase the risk of ventilator-induced lung injury [22-23]. 
This allows the assumption that an early implantation of ECMO may 
be positive for the outcome due to the fact that intubation time before 
ECMO is reduced. Moreover, a quick and long intubation generally 
speaks for a critical and potentially life-threatening state that may ac-
count for a limited chance of survival.

 One of the essential components of the prognosis scores is the 
diagnosis leading to the implantation of ECMO. The importance of 
this factor is emphasized by the authors of the scores [6,24]. The di-
agnoses included in the RESP Score are viral or bacterial pneumonia 
(score: 3), Asthma (11), Trauma/burn (3), Aspiration pneumonitis (5), 
other acute respiratory diagnosis (1) and a residual category named 
non-respiratory and chronic respiratory diagnoses with a score of 0 
which, if selected, does not affect the total score. Some diagnoses like 
Asthma often occur at a younger age. Thus, a correlation with the age 
can be drawn that it itself is an important prognosis factor. This could 
yield a relatively good prognosis provided that no severe complica-
tions like central nervous system dysfunctions are present. For exam-
ple, a young patient with trauma-induced ARDS (acute respiratory 
distress syndrome) has by trend a better outcome than an older sepsis 
patient with ARDS [25]. In the SAVE Score, the diagnoses myocardi-
tis (score: 3), refractory VT/VF (2) post heart or lung transplantation 
(3), congenital heart disease (-3) and a residual category named “other 
diagnoses“ with a score of 0 are available for selection. It can be stat-
ed that VT and VF are shockable rhythms that generally have a better 
prognosis than non-schockable rhythms. However, all the mentioned 
diagnoses are severe conditions which can be accompanied by serious 
complications. Why these conditions except congenital heart disease 
have a positive score is not clearly assessable. In cardiac ECMO, the 
reversibility of the experienced cardiogenic shock is regarded as be-
ing an important predictive factor.

 Complications in connection with ECMO occur commonly and 
are associated with a considerably higher mortality. These can have a 
big impact on the outcome and therefore play an important role in the 
scores. Generally, complications can be led back either to the condi-
tion of the patient or to the ECMO treatment itself [4]. Complications  

Figure 2: Outcome prediction factors for ECMO.
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that affect the central nervous system such as seizures, bleeding and 
infarction often have devastating effects and can reduce the survival 
probability drastically. In the RESP Score, this is the item with the 
most negative score of -7 and also in the SAVE Score it is represented 
with a score of -3. They frequently lead to irreversible damage and 
consequently to an early termination of ECMO. Patients with neuro-
logic complications during ECMO have a greater risk for long-term 
impairment and a significantly higher morbidity and mortality [26]. 
A further common complication in ECMO patients are infections. In 
the RESP Score, an associated non-pulmonary infection amounts to a 
score of -3. The frequency of infections is variable [27]. A distinction 
must be made between an infection that is related to ECMO and an 
already preexisting infection as the effect on the prognosis may be 
quite different [26]. It can be assumed that ECMO patients have a 
higher susceptibility to infection due to the generally critical condi-
tion and the long hospital stays. Furthermore, acute or chronic renal 
failure is another frequent complication that is associated with a poor 
outcome [28]. Accordingly, this factor appears in the SAVE Score 
with a score of -3 or -6, respectively. Studies show that patients with 
signs of renal failure do not respond well to ECMO [29]. Renal re-
placement procedures are required in many cases. Liver failure is also 
considered as a risk factor for an unfavorable prognosis, especially in 
patients with heart failure or defects [30]. This would fit to the SAVE 
Score in which liver failure is an item with a score of -3. The alka-
line phosphatase and the total bilirubin are presumed to being the key 
parameters for short- and long-term mortality [30]. Further common 
complications not incorporated in the scores include bleeding, me-
chanical issues, cardiopulmonary conditions and metabolic imbalanc-
es. Preventing and treating complications adequately may contribute 
to a better prognosis and could ultimately raise survival chances.

 Respiratory parameters such as the PIP (peak inspiratory pressure) 
and PaCO2 (carbon dioxide partial pressure) are also considered as 
important predictive factors, especially in patients with respiratory 
diseases. A high PIP and PaCO2 which indicate a low compliance of 
the lung is linked to a worse outcome [31]. A low PIP on the other 
side points to a higher survival chance. In cardiac ECMO, cardiac 
parameters such as the diastolic blood pressure and pulse pressure 
before ECMO may also affect the outcome and are therefore part of 
the SAVE Score. Another risk factor that is included in the scores is 
the presence of a cardiac arrest prior to ECMO. Due to the seriousness 
of the condition it stands to reason that this factor decreases survival 
chances. Yet, the impact on the outcome may presumably be in real-
ity larger than the score of only -2 in the scoring systems suggests. 
In ECMO patients with respiratory diseases, the administration of 
certain drugs may also play a role in determining the outcome. Neu-
romuscular blockade agents are frequently used in ECMO patients 
to minimize ventilator-induced lung injury and to promote lung re-
cruitment [32]. In the RESP Score, it is considered a protective factor 
with a score of 1. On the other hand, the application of Bicarbonate 
infusions or nitric oxide before ECMO have previously been associ-
ated with a higher mortality and may therefore worsen the outcome 
[33-34]. For this reason, they have a score of -2 and -1 in the RESP 
Score. However, it must be considered that the use of the mentioned 
drugs is discussed controversially. Many aspects of the application 
on ECMO patients have yet to be resolved and long-term effects are 
unknown [34].

Conclusion
 It can be concluded that the factors which are believed of having 
a negative impact on the outcome outnumber the protective factors 
which could be explained by the critical condition of ECMO patients 
and the relatively high incidence of complications. The prediction of 
the prognosis through scoring systems is presumably rather difficult 
due to the complex nature of the issue and the abundance of unpre-
dictable factors. Hence, their accuracy may be considered as ques-
tionable. Through the setup of an extensive ECMO database in the 
clinical facility, a sustainable contribution to optimize procedures can 
be achieved.
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