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The aims of the project are:

- To describe the cohort of patients supported by the NHS England-commissioned Respiratory ECMO service
from inception (Dec 2011) to now;

- To report the outcomes (morbidity and mortality) of patients supported by the NHS England-commissioned
Respiratory ECMO service from inception (Dec 2011) to June 2018;

- To identify factors predictive of duration of stay, complications (to be specified) and survival.

To achieve this, we intend to perform a longitudinal observational cohort study of this patient group.



1. Identification of cohort

The national severe acute respiratory failure was commissioned in 2011 to provide extracorporeal membrane
oxygenation (ECMO) for adult patients with severe acute respiratory failure. ECMO can be delivered in both
VV (venovenous - supporting lungs only) and VA (venoarterial - supporting heart and lungs) modalities.

The eligibility criteria for this service is outlined in a commissioning document published in 2011.

Patients have been identified which meet the following inclusion criteria, as per the 2011 commissioning
document:

- Admitted under the national commissioned service

- Age =16 years

- Admitted between 1st December 2011 and 31st December 2017.

For patients who have multiple runs during the same hospital admission, only the first run will be included in
analysis. Those who have configuration changes during the same ECMO run will be counted as a single run
for the purposes of analysis.

Patient data is contained in two databases — the Extracorporeal Life Support Organisation (ELSO) database,
containing data from the ELSO runsheets of each patient having received ECMO, and the ‘tracker’ database
kept by Public Health England to monitor the commissioned service.

The tracker identifies 1,317 patients who meet the above criteria, but only has basic data for these (date,
centre and outcome). All patients with corresponding ELSO records will be entered into formal analysis.



2. Data checks

Data checks will follow the recommendations from Kirkwood and Sterne [1]. Outliers in continuous variables
will be detected using ranges and plotting distributions within each treatment. Categorical variables will be
tabulated and unexpected distributions further checked. Consistency checks between two or more variables
will also be performed, e.g. plotting weight against age.

3. Descriptive statistics

The broad guidelines of descriptive statistics are as follows: (1) continuous data will be summarised with
means and standard deviations if normally distributed, or with median and inter-quartile range if asymmetric
or otherwise non-normal; (2) categorical data will be summarised by counts and percentage per level within
factors; (3) missing count and proportion will also be reported. A table will be prepared with descriptive
variables between survivors and non-survivors; 95% confidence intervals will be given.

The full list and data type of variables can be found in the appendix. Those which have been identified as
having large numbers of missing data, unlikely to be suitable for inclusion in analysis, have been highlighted
in yellow. A summary will be provided for these variables.

All statistical analysis and methodology will be reported according to the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) statement [2].

3.1. Basic descriptive statistics on the patient cohort

- Number of patients
- Both in total and per centre

- Number per calendar year (2012-2017, as full data allow)
- Both in total and per centre

- Age

- Sex

- Weight

3.2. Clinical features of patients pre-ECMO

- Primary diagnosis

- Diagnostic category (bacterial pneumonia, viral pneumonia, aspiration pneumonitis, asthma,
trauma, burns, other acute respiratory diagnosis, other non-respiratory diagnosis, unspecified)

- Pre-ECMO cardiac arrest (%)

- Time from admission to intubation

- Time from intubation to ECMO initiation

- Biochemical variables
- pH
- Pa02
- PaCO2
- Fi02
- PaO2/FiO2 ratio
- Sa0

- Ventilator settings
- Ventilation mode
- PEEP
- Ventilator rat

3.3. Features of ECMO treatment itself
- Which ECMO centre (can use numbers to anonymise)
- Initial ECMO modality (e.g. VV, VA, VV-CO2R, other)
- Transport on ECMO (%)
- Duration of ECMO therapy



- Repeat ECMO (several runs in same patient)
- Change of configuration during ECMO

3.4. Patient outcome data
The primary outcome of interest is the % of patients discharged alive from the ECMO ICU.

Secondary outcomes include:
- duration of ECMO therapy
- duration of mechanical ventilation
- ICU length of stay
- discharge destination

3.5. Complications
- Mechanical
- Oxygenator failure
- Pump failure
- Raceway rupture
- Other tubing rupture
- Cannula problems
- Circuit change
- Heat exchanger malfunction
- Thrombosis/clot
- Clot haemofilter
- Air in circuit
- Haemorrhage
- Gl haemorrhage
- Peripheral cannula site bleeding
- Mediastinal cannulation site bleeding
- Surgical site bleeding
- Neurological
- Brain death
- Seizures
- Clinically determined
- EEG confirmed
- Cerebral diffuse ischaemia
- Cerebral infarction
- Intracerebral haemorrahge
- Neurosurgical intervention
- Renal
- Renal replacement therapy required
- Cardiovascular
- Cardiac arrest requiring CPR
- Arrhythmia
- Cardiac tamponade
- Haemorrhagic tamponade
- Pulmonary
- Pneumothorax
- Pulmonary Haemorrhage
- Metabolic
- Hyperbilirubinaemia
- Moderate haemolysis
- Severe haemolysis
- Limb-related
- Fasciotomy
- Amputation
- Limb ischaemia requiring reperfusion cannula
- Infectious (culture proven)



Complication data will be summarised for the entire cohort, rather than entered into regression analysis.



4. Regression analysis

It would be useful to perform a regression analysis on the variables listed in 3.1 to 3.3 above, in order to identify
factors independently associated with the primary outcome (mortality) and the secondary outcome (length of
stay, complication).

The general modelling building strategies are: (1) clinical knowledge will decide which variables are important
as potential predictors of outcomes and which should be accounted for in the models as potential confounders
and/or effect modifiers (interactions); (2) in addition to clinical knowledge, univariate associations will be
investigated between the primary outcome and exposure predictors. This will show which predictors are a
priori associated with outcomes, and how those effects change when accounting for confounders and/or
interactions; (3) in a multiple regression context, collinearity or high correlations between predictors can lead
to unstable regression coefficients and extremely large standard errors. One way of avoiding collinearity is to
select among a group of highly correlated predictors, the predictor most strongly associated with the response.

In addition, during modelling development (in a multiple regression context) suitable transformations (such as
log, box-cox transformation) will be used if there is evidence of poor fit or influential measurements. Model
selection will be achieved via likelihood ratio tests (LRT) and declaring statistical differences at p-values<0.05.
Non-nested models will be compared using Akaike’s information criterion (AlC), where a decrease in =10 units
will indicate important statistical differences between models ([3]).

The specific regression analysis depends on the type of outcome variables. If the outcome is mortality or
complication, logistic regression analysis will be performed; if the outcome is length of stay, Poisson regression
or negative binomial regression will be used.

Predefined subgroup analysis will be undertaken on the following variables of clinical interest: age, diagnostic
category, BMI, calendar year of ECMO run i.e. trend in outcome over time, and centre. It is important to stress
that the centre comparative analysis is used here as a proxy for the underlying population, and may not be
included in any data for publication.

5. Missing data analysis

All essential variables are expected to be complete or at least low missing percentage (less than 8%) before
starting analysis. Variables with >25% missing data may not be used in modelling but will be summarised and
reported.

Missing data patterns will be described, e.g. monotonic, intermittent, etc. Missing mechanism will be also
identified as missing complete at random (MCAR), or missing at random (MAR), or missing not at random
(MNAR) by using Little’s test [4] and graphical inspection [5].

Sensitivity analysis will be performed based on complete case analysis and imputation data analysis. The latter
will work on the imputed data using simple imputation or multiple imputation strategies depending on the
identified missing mechanism. We will assess how much results change between the results of complete data
and the ones using imputation data analysis with different imputation strategies.



6.. Summary of Changes to the Protocol
Additional or supplementary analyses not envisaged in this SAP or in the original protocol may be possible.
This SAP will be updated and version-tracked to incorporate any new and potentially useful analysis.
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C | Primary diagnosis CATEGORICAL
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i | Cardiac arrest CATEGORICAL
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i Time from admission to intubation CONTINUOUS
C | Time from intubation to ECMO initiation CONTINUOUS
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I |pH CONTINUOUS
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e |Pa02 CONTINUOUS
:‘ PaCO2 CONTINUOUS
u | Fio2 CONTINUOUS
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e | PaO2/FiO2 ratio CONTINUOUS




s | Sa02 CONTINUOUS
o

f | MAP CONTINUOUS
: Cardiac index (Cl) CONTINUOUS
t | Ventilation mode CATEGORICAL
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e | PEEP CONTINUOUS
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t | Ventilator rate CONTINUOUS
: AP CONTINUOUS
f |Use of high-flow oscillatory ventilation | CATEGORICAL
0 | (HFOV)

r

e

E

(o

M

(o)

F | ECMO centre CHARCTER / CATEGORICAL
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a | Site of cannulation CATEGORICAL
L Initial ECMO modality CATEGORICAL
I' | Type of cannula CATEGORICAL
e

s | Location of ECMO initiation CATEGORICAL
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§ | Transport on ECMO CATEGORICAL
E .

c Duration of ECMO therapy CONTINUOUS
:\)" Repeat ECMO INTEGER

t | Change of configuration during ECMO CATEGORICAL
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P | Discharge alive CATEGORICAL
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t | Weaned off ECMO CATEGORICAL
L Died on ECMO CATEGORICAL
:‘ Transplantation on ECMO CATEGORICAL
o | Duration of mechanical ventilation CONTINUOUS
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t | Discharge destination CHARTER / CATEGORICAL
o [ 1CU length of stay INTEGER




e
Oxygenator failure CATEGORICAL
Pump failure CATEGORICAL
Raceway rupture CATEGORICAL
Other tubing rupture CATEGORICAL
Cannula problems CATEGORICAL
Circuit change CATEGORICAL
Heat exchanger malfunction CATEGORICAL
Thrombosis/clot CATEGORICAL
Clot haemofilter CATEGORICAL
Air in circuit CATEGORICAL
Gl haemorrhage CATEGORICAL
Peripheral cannula site bleeding CATEGORICAL
Mediastinal cannulation site bleeding CATEGORICAL

g Surgical site bleeding CATEGORICAL

m | Brain death CATEGORICAL

P .

| | Seizures CATEGORICAL

L Cerebral diffuse ischaemia CATEGORICAL

? Cerebral infarction CATEGORICAL

i | Intracerebral haemorrahge CATEGORICAL

: Intraventricular harmorrhage CATEGORICAL
Neurosurgical intervention CATEGORICAL
New AKI CATEGORICAL
Renal replacement therapy required CATEGORICAL
Cardiac arrest requiring CPR CATEGORICAL
Arrhythmia CATEGORICAL
Cardiac tamponade CATEGORICAL
Haemorrhagic tamponade CATEGORICAL
Pneumothorax CATEGORICAL
Pulmonary Haemorrhage CATEGORICAL
Hyperbilirubinaemia CATEGORICAL
Moderate haemolysis CATEGORICAL
Severe haemolysis CATEGORICAL

CATEGORICAL

Fasciotomy




Amputation CATEGORICAL

Limb ischaemia requiring reperfusion | CATEGORICAL
cannula

Infectious CATEGORICAL




