	ECMO Management, Weaning and Decannulation.

Cannulations are performed by a subset of intensive care physicians that have undergone comprehensive training and accreditation in all forms of percutaneous configurations, circuit interventions and ECMO patient management. Initiations satisfy accepted criteria[1] and follow multidisciplinary discussions taking into account patient comorbidities, illness trajectory and to avoid non beneficence. Cannulations are performed percutaneously and under transoesophageal/transthoracic echocardiography or fluoroscopy. VV-ECMO is typically provided in the femoro-jugular configuration with a large 25-29Fr multistage access cannula to provide optimal drainage characteristics with cannula tip placed from right atrium to superior vena cava.

During the immediate post initiation phase, ‘rest settings’ are typically applied, with local preference for mode PC-AC: pressure control-assist control delivered via Drager Evita® Infinity® V500 ventilator.

An example of settings: FiO2 0.6 with extracorporeal blood flow (ECBF) predominantly titrated to SpO2>90%, and respiratory effort in spontaneously breathing patients), moderate positive end expiratory pressure 8-12cmH20 to mitigate atelectrauma, respiratory frequency ≤10 breaths per minute, static driving pressure 10-12cmH2O, with the aim of minimising mechanical power delivery.

Sweep gas flow rate is concurrently manipulated to achieve gradual correction of PaCO2 in cases where this was elevated prior to cannulation, and ECBF is manipulated to achieve SpO2≥90% with SvO2 ≥60%. Improving compliance is indicated by an increase in tidal volume achieved under the rest settings applied and resolution of infection/radiological appearances. Blending of sweep gas composition is not universally practiced but is often performed as ECBF requirements are able to wean. 

 Sedation is individualised, but dexmedetomidine is usual as patients are woken. Neuromuscular blockade is quickly ceased unless severe hypoxaemia or access insufficiency necessitates this continuing. Beta blockade is not administered for refractory hypoxaemia during ECMO, a low threshold for upgrade to high flow configuration exists. Antimicrobial therapy is empirically directed by the underlying aetiology, and honed on the basis of microbiological cultures. We do not routinely administer prophylactic antimicrobials specifically for ECMO implantation, nor take routine blood cultures from the ECMO circuit. 
Systemic anticoagulation is provided by unfractionated heparin infusion directed to achieve antiXa activity level 0.3-0.5 IU/ml, but can be withheld if bleeding is of concern. Bivalirudin is an alternative agent used where indicated.

From the inception of the intensivist led ECMO service,[2] there has been a trend towards promotion of spontaneous ventilation during VV-ECMO, and increasing rates of both tracheostomy, and even extubation during ECMO support. 

Timing and conduct of the wean process is not explicitly protocolised, however readiness for wean is generally determined when underlying shock/septic processes have improved, native lung compliance has increased such that ventilation intensity is not deemed deleterious, inspired FiO2 is ≤60%, and haemodynamic parameters are stable without overt right ventricular injury. Native lung recovery would generally be attended by iterative reductions in ECMO support by virtue of lower ECBF, SGFR and at times FdO2, although this is not protocolised and varies by clinician and over time. 

Duration of SGOT is determined by patient characteristics, clinician preference, and logistics (SGOT initiated out of hours would proceed until the following morning, as VV ECMO decannulation is not performed overnight). A passed SGOT, whilst not strictly defined would generally indicate haemodynamic tolerance, stable oxygenation, and the avoidance of hypercapnic acidosis or significant increases in respiratory frequency and or driving pressure to achieve homeostasis. In addition, subjective assessment of respiratory effort is included in the decision of whether a SGOT is ‘safe’. 

Ventilator parameters such as P0.1s, although available, were not routinely measured during the study period. Decannulation is performed at bedside by the ECMO intensivist with mattress suture closure of cannulation sites. Routine post decannulation doppler ultrasound investigation is undertaken to identify cannula related deep venous thrombosis. 





	
	
	



Figure S1. Distribution of SGOT between safe and unsafe groups. 

SGOT; sweep gas off trial, ICU; intensive care unit, LOS; length of stay, IHM; in hospital mortality



Table S1: Ventilation and ECMO characteristics before SGOT

	Pre SGOT variable
	All Weaning Trials (n = 60)
	Safe SGOT (n = 24)
	Unsafe SGOT (n = 36)
	P value

	Time to first weaning trial (days)
	8 (5-16.25)
	10.5 (5-16)
	8 (4-17)
	0.71

	Respiratory rate (breaths.min-1)
	14.5 (12 – 20)
	17.5 (14 – 21.3)
	13 (10 – 16)
	0.02

	PEEP (cmH₂O)
	10 (10 – 12)
	10 (8 – 10)
	10 (10 – 12)
	0.02

	Driving pressure (cmH₂O)
	13.5 (10 – 16)
	14.5 (10 – 17)
	13.0 (10 – 15.3)
	0.71

	PaO₂ (mmHg) 
	109.5 (87.3 – 135.8)
	100.0 (87.3 – 131.8)
	114.5 (86.8 – 147.5)
	0.49

	PaCO₂ (mmHg)
	43.5 (40.0 – 47.0)
	42.0 (38.0 – 45.0)
	44.0 (40.8 – 48.0)
	0.05

	ETCO₂ (mmHg)
	31.0 (28.0 – 36.0)
	30.5 (27.0 – 33.0)
	33.0 (28.8 – 36.0)
	0.23

	pH
	7.41 (7.38 – 7.44)
	7.42 (7.39 – 7.46)
	7.40 (7.36 – 7.42)
	0.02

	Fluid balance at midnight before (L)
	–0.25 (–1.10 – 0.99)
	–0.80 (–1.20 – 0.65)
	0.28 (–0.53 – 1.05)
	0.06

	Vasoactive-inotropic score 
	0.00 (0 – 4.40)
	1.25 (0 – 6.00)
	2.40 (0 – 8.00)
	0.56

	Ventilatory ratio 
	0.71 (0.54 – 1.06)
	0.81 (0.63 – 1.15)
	0.67 (0.53 – 0.88)
	0.21

	ECMO duration before trial (days)
	8 (5 – 16.3)
	10.5 (5 – 16)
	8 (4 – 17)
	0.71

	Blender FdO2 (%)
	80 (50 – 100)
	65 (40 – 85)
	100 (60 – 100)
	0.03

	ECMO blood flow (L.min-1)
	3.60 (3.30 – 4.00)
	3.75 (3.30 – 4.16)
	3.64 (3.30 – 3.91)
	0.18

	Sweep gas flow rate (L.min-1)
	4.0 (2.88 – 6.00)
	3.5 (2.38 – 6.25)
	5.0 (3.00 – 6.25)
	0.42



Data presented are median (IQR), Wilcoxon test used to assess statistical significance. SGOT; sweep gas off trial, ECMO; extracorporeal membrane oxygenation, PEEP; positive end expiratory pressure, PaO2; arterial partial pressure of oxygen, PaCO2; arterial partial pressure of carbon dioxide, ETCO2; end tidal carbon dioxide, FdO2; fraction of delivered oxygen.  










Table S2: Mode of ventilation and Airway type during SGOT expressed as percentage of trials

	
	Percentage of Total  (%)
	Percentage of Safe SGOT (%)
	Percentage of Unsafe SGOT  
(%)
	P value

	 Airway type
	ETT
	83.3
	79.2
	86.1
	0.69

	
	Tracheostomy
	16.7
	20.8
	13.9
	

	PSV
	23.1
	33.3
	6.7
	0.12

	SIMV-PC
	12.8
	12.5
	13.3
	1.00

	PC-AC
	38.5
	33.3
	46.7
	0.50

	SIMV-VC
	12.8
	8.3
	20.0
	0.35

	APRV
	10.2
	12.5
	6.7
	0.35

	Other 
	2.6
	0.00
	6.7
	0.38















SGOT; sweep gas off trial, ETT; endotracheal tube, PSV; pressure support ventilation, SIMV-PC/VC; synchronised intermittent mandatory ventilation- pressure control/volume control, PC-AC; pressure control-assist control, APRV; airway pressure release ventilation











	Variable
	All Trials (n=60)
	Safe SGOT (n=24)
	Unsafe SGOT (n=36)
	P value

	During SGOT (Beginning)
	
	
	
	

	Respiratory rate (breaths.min-1)
	21 (18 – 24)
	21 (18 – 26)
	20 (18 – 24)
	0.76

	Tidal volume (mL.kg-1)
	6.99 (5.89 – 8.32)
	6.84 (5.7 – 7.9)
	7.86 (6.11 – 8.40)
	0.32

	Minute ventilation (mL.min-1)
	8400 (7025 – 9675)
	8500 (6650 – 9800)
	8300 (7300 – 9100)
	1.00

	PaCO₂ (mmHg)
	46 (42.25 – 55)
	45 (42.8 – 48.3)
	52 (45 – 56)
	0.08

	Ventilatory ratio
	1.70 (1.42 – 1.88)
	1.42 (1.24 – 1.80)
	1.74 (1.68 – 2.15)
	0.02

	
	
	
	
	

	During SGOT (End)
	
	
	
	

	Duration of SGOT (hr)
	6.5 (3 – 23.3)
	19 (5.7 – 25.0)
	5 (0.3 – 13.3)
	0.01

	Respiratory rate (breaths.min-1)
	22 (18 – 26)
	22 (18.75 – 25.25)
	24 (19.25 – 28.75)
	0.35

	Tidal volume (mL/kg)
	6.88 (5.83 – 7.98)
	7.17 (5.73 – 7.79)
	6.69 (5.82 – 7.89)
	0.82

	Minute ventilation (mL.min-1)
	8900 (7700 – 10 500)
	8800 (7875 – 11 025)
	8750 (7050 – 9850)
	0.22

	PaCO₂ (mmHg)
	48 (43 – 54)
	46 (43 – 49.25)
	53 (43.25 – 58.25)
	0.09

	Ventilatory ratio
	1.89 (1.62 – 2.42)
	1.66 (1.44 – 1.96)
	2.60 (2.03 – 2.70)
	0.01

	Heart rate after trial (bpm)
	90 (81.5 – 102.3)
	92.5 (87 – 103.3)
	85.5 (79.8 – 100.5)
	0.27

	Driving pressure (cm H₂O)
	13.5 (10 – 16)
	14.5 (10 – 17)
	13 (10 – 15.3)
	0.71



Table S3: Clinical variables during SGOT between safe and unsafe trials




















SGOT; sweep gas off trial, PaCO2; partial pressure of carbon dioxide in arterial blood








Table S4: Reason for SGOT failure

	Weaning trial unsafe criteria (n=36 SGOT)
	 
	
	

	Hypercapnia with acidosis +/- increased ventilatory support
	25
	
	

	Hypoxia (SpO2<90% despite FiO2>60%)
	6
	
	

	Haemodynamic instability defined as restarted new vasopressor/>20% increase in VIS
	3
	
	

	Other reason: 1 barotrauma, 1 new severe agitation/dyspnoea
	2
	
	

	
	
	
	

	Unsafe criteria post separation (n=10 patients)
	 
	
	

	Hypercapnia necessitating increased mechanical ventilation
	7
	
	

	Haemodynamic instability defined as restarted new vasopressor/>20% increase in VIS
	3
	
	

	ECMO Re-initiation within 48hrs
	0
	
	

	Death within 48hrs post de-cannulation
	0
	
	

	
	
	
	


SGOT; sweep gas off trial, VIS; vasoactive inotropic score
All patients unsafe during SGOT. Ten patients unsafe during SGOT and post separation, three separated after first SGOT without ongoing safety breach, 2 patients separated post multiple unsafe SGOT without ongoing safety breach.

















Table S5. Univariate analysis of high PaCO2 (>46mmHg), High PEEP (>10cmH2O), and High RR (>20 beats/min) and p values of healthcare utilisation post separation from venovenous extracorporeal membrane oxygenation 
	
	Ventilator Days Post-Decannulation (P value)
	ICU LOS
(P value)
	Hospital LOS 
(P value)

	PaCO₂ end of weaning trial > 46 mmHg
	0.87
	0.09
	0.24

	PaCO₂ post-decannulation > 46 mmHg
	0.36
	0.045
	0.24

	PEEP (>10 cm H₂O)
	0.40
	0.49
	0.46

	High respiratory rate (> 20 breaths.min-1)
	0.83
	0.71
	0.45


PaCO2; partial pressure of carbon dioxide in arterial blood, RR; respiratory rate, ICU; intensive care unit, LOS; length of stay, PEEP; positive end expiratory pressure.















Table S6: Multivariate analysis and p values associated with outcomes including mechanical ventilation duration post and ICU length of stay post decannulation and in-hospital mortality, adjusted for age, BMI,  SOFA score, pH, PaO2, PaCO2, driving pressure, ECMO duration from initiation to decannulation, fluid balance

	
	Ventilator Days Post-Decannulation (days)
	ICU LOS (days)
	Hospital LOS 
(days)

	
	β (95 % CI)
	P value
	β (95 % CI)
	P value
	β (95 % CI)
	P value

	PaO₂ after SGOT
	0.58 (–0.50 to 1.68)
	0.28
	0.74 (–0.27 to 1.76)
	0.14
	1.25 (–1.57 to 4.07)
	0.38

	PaCO₂ after SGOT
	1.40 (0.21 to 2.59)
	0.02
	0.65 (–0.50 to 1.80)
	0.26
	0.35 (–2.83 to 3.20)
	0.83

	Tidal volume (mL.kg-1)
	–2.46 (–5.86 to 0.94)
	0.15
	–2.09 (–5.36 to 1.17)
	0.20
	–4.83 (–13.66 to 4.00)
	0.27

	Respiratory rate (breaths/min)
	–0.23 (–1.50 to 1.45)
	0.97
	–1.12 (–2.48 to 0.23)
	0.10
	–1.17 (–4.94 to 2.59)
	0.53

	PEEP (cmH₂O)
	0.10 (–1.01 to 1.22)
	0.85
	0.57 (–0.47 to 1.62)
	0.27
	–0.72 (–3.58 to 2.13)
	0.61

	Dynamic driving pressure (cmH₂O)
	–3.60 (–6.43 to –0.78)
	0.01
	–1.38 (–4.27 to 1.51)
	0.34
	–4.09 (–11.85 to 3.66)
	0.29

	First ventilatory ratio
	–6.39 (–22.37 to 9.58)
	0.42
	1.14 (–13.47 to 15.75)
	0.88
	12.50 (–28.90 to 53.92)
	0.54

	Last ventilatory ratio
	–8.59 (–19.66 to 2.49)
	0.41
	0.17 (–11.07 to 10.72)
	0.98
	1.03 (–28.49 to 30.57)
	0.94


PaO2; partial pressure of oxygen in arterial blood, PaCO2; partial pressure of carbon dioxide in arterial blood, RR; respiratory rate, ICU; intensive care unit, LOS; length of stay, PEEP; positive end expiratory pressure.






Table S7: Ventilatory ratio thresholds in contemporary studies of predictors of weaning safety 

	Study
	Early VR
	Sensitivity
	Specificity
	Youden index
	AUC
	Late VR
	Sensitivity
	Specificity
	Youden index
	AUC

	
	1.8
	83.3
	62.5
	45.8
	0.72
	1.6
	47.2
	91.7
	38.9
	0.7

	Fischbach[3]
	1.75
(30mins)
	86
	69
	0.54
	0.76
	-
	-
	-
	-
	-

	Al Fares[4]
	-
	-
	-
	-
	-
	2.3
(~4hrs)
	100
	81
	0.81
	0.89


















VR; ventilatory ratio, AUC; area under curve
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n=39 Patients
60 SGOT 


15 Pts 
multiple SGOT
all trials 'unsafe'


Number of trials (n=36)
1 = 3 patients 
2 = 7 patients
3 = 1 patient
4 = 4 patients


SGOT with unsafe criteria
Hypercapnia n=24
Hypoxia n=6
Haemodynamics n =3
Other n=2


Unsafe Criteria Post Separation
Ventilation n=7
Haemodynamics n=3
Recannulation n=0
Death n=0


Ventilator days post ECMO = 10
ICU LOS = 24
Hospital LOS = 30
90D mortality = 13.3%
IHM = 13.3%


24 Pts
 successful decannulation after first 'safe' SGOT


Ventilator days post ECMO = 10
ICU LOS = 22
Hospital LOS = 44
90D mortality = 4.2%
IHM = 8.3%


n=10 unsafe during SGOT and after separation
n=3 single unsafe SGOT but safe after separation
n=2 multiple unsafe SGOT but safe after separation 


