體外生命(心肺)支持裝置-Extracorporeal life support (ECLS) 

詹 聖 霖
ECLS包括cardiopulmonary bypass (CPB), extracorporeal membrane oxygenation (ECMO), cardiopulmonary support (CPS) or extracorporeal cardiopulmonary resuscitation (ECPR), ventricular assist devices (VAD)

· Indication:

_____ 1.High mortality risk disease but most likely reversible

_____ 2.Failure to respond to maximal conventional medical treatment

Acceptable criteria for ECLS

_____ Pulmonary support:

· ____ Inadequate oxygenation (respiratory failure): MAS, RDS, CDH, PPHN, ARDS --  

PaO2/FiO2<100-150 or AaDO2>450-500mmHg or SatO2<85%, PaO2<60mmHg and 

____ Higher ventilator support needed

PEEP > 8 cm H2O x 12 hrs (10cm x 4 hrs)

FiO2 > 0.8 x 12 hrs (0.9 x 4 hrs) 

PIP > 40cm H2O or MAP > 30cmH2O 

HFOV

· ____ Respiratory acidosis (PH < 7.2) under higher ventilator support
· ____ Air leak syndrome or severe barotraumas
· ____ Refractory septic shock 
_____ Cardiac support:

· ____ Failure to wean from cardiopulmonary bypass after cardiac surgery 
· ____ Progressive and unremitting low cardiac output state following:
cardiac surgery or myocarditis or cardiomyopathy or septic shock

* low CO = mixed venous saturation < 50%, cardiac index < 2 l/m2/min on 

          full pharmacological and mechanical support > 2 hrs 

· ____ Prepare for bridge to heart transplantation, heart surgery or VAD.  

· ECLS is not recommended: 

· ____Major chromosomal anomalies 

· ____ Major cardiac or CNS malformations or recent CVA

· ____ Previous chronic lung disease 

· ____ Major hemorrhage 

· ____ Immunosuppression 

· ____ Low certainty of quality of life

· ____ Duration of ventilator support (i.e. FiO2 >0.6 and/or PEEP >5): < 2 years >10 days; 2 - 8 years > 8 days, > 8 years > 6 days (tends to progressive pulmonary fibrosis)
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Major equipment:
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1. Pump: centrifugal vs roller-head pump

· Rotation rate: 1200 to 2000 rpm to keep rated flow (CI about 2 L/min/m2)

2. Oxygenator: Hollow fiber oxygenator + heat exchanger+O2 blend+sweep gas flow 

3. Heat exchanger: post-oxygenator position to main normothermia (setting < 42℃)
4. Cannula:

      Pediatric ECLS cannulae and flows

	BW
	<8Kg
	8-12Kg
	12-20Kg
	20-35Kg
	>35Kg

	Venous (Fr)
	12-16
	16-20
	20-24
	21-24
	>28

	Arterial (Fr)
	10-12
	12-16
	14-18
	16-20
	>20

	Rated Flow (l/min)
	1.2
	1.8
	1.8-4.5
	4-5.5
	5-6.5

	Gas flow (l/min)
	2.4
	4.5
	7.5
	10.5
	13.5

	Idle flow (ml/min)
	150
	300
	500
	500-900
	500-900


5. Bladder box: need or not

6. Bridge: come off ECLS: ABV on centrifugal and VBA on roller pump 

7. Monitors: ACT, ABG, Saturation (SaO2,SvO2), CBC (Hct), Pressure monitor, Echo etc 

Heater monitor, Flow monitor and detector  

8. Ports:

  proximal to bladder: blood sampling, IV fluid infusion, hemofilter

  between pump head and oxygenator: ACT monitor, hemofilter

  after oxygenator: pressure monitoring, blood sampling, infusion of platelet

9. Mechanical ventilator: rest setting

  FiO2: < 0.6 (0.25~0.4) ; Rate: 6-20 (5-10) ; PIP: 25-35 (20~30) ; PEEP: 8-12 (4-10), Ti: 1sec
·  Medications:

1.Heparinization: loading 50-100u/kg; maintenance 5-40u/kg/hr to keep ACT around 200 sec 

2.Sedation: midazolam 0.2-0.5 mg/kg/hr ; fentanyl 3-7 mg/kg/hr 

3.Broad spectrum antibiotics: to treat existing infections (or to prevent infections)

4.Inotropes: Dopamine, Dobutamine, Primacor, or Epinephrine ect. prn use  

5.Fluid: keep I/O balance or negative balance (3/4 to 2/3 maintenance) 

6.TPN: higher K, Ca and lower Na supplement ; D10-25W ; protein 2-2.5 g/kg ; lipid 2-3 g/kg/d 

7.Routinely consult: respiratory care/infectous disease staff, nephrologist, neurologist etc.

8.Consider IVIG (1 g/kg iv 8 hr) in EV crisis or carditis

9.Consider beta-blocker: propranolol 1-3 mg/kg/day tid in EV crisis and consider esomolol

10.Consider blood exchange transfusion: 2 x blood volume (140-160ml/kg)

11.Check bleeding by surgical intervention: bleeding > half blood volume/day

12.Avoid bleeding: no IM injection, no percutaneous sampling, no new iv setting, iv or urethral catheter left in place.

13.Be careful: avoid blood clot when FFP or WB infusion !!      

·  Monitors and Laboratory f/u:

1. Vital signs, U/O Q1h and keep BT about 36.5 ~ 37℃
2. Check CBC, Electrolytes (Free Ca, Mg, Phosphorus etc.), Sugar, Urine OB: Q4h ~ Qd prn

3. Check GOT, GPT, albumin, bilirubin, BUN, Cr, CK, CK-MB, fibrinogen, FDP: Qd – Biw prn

4. Continuous pressure monitoring: CVP, PAP, LAP or PWP, BP and ECLS pressure Q1h

   venous inlet pressure: CVP (before pump pressure)  

   before oxygenator pressure:↑pressure (> 300 mmHg) or↑before-after pressure gap

indicate oxygenator malfunction (failure or thrombosis) 

after oxygenator pressure: arterial occlusion (tubing kinking)

5. Continuous in-line gas monitoring: SVO2 (Q1h check mixed venous gas in our hospital) 

· SVO2 indicate oxygen delivery vs PaO2 indicate oxygenator function

6. Pulse oximeter: SaO2 Q1h 

7. ACT monitor: Q1h ~ Q6h 

8. CxR, Body weight: Qd

9. Septic work up if needed 

10. Echo: heart: Q12h – Qd prn and must rule out cardiac tamponade

        brain: Qdprn and must rule out ICH 

·  Pediatric ECLS parameters and adjustments

	Parameter
	Desired
	Adjustments

	Hct / Hb
	> 40% (12)
	Infusion of packed RBC s/p photo

	Plt count
	> 100k
	Infusion of platelets s/p photo

	Blood sugar
	90 - 100
	Infusion of D10-50W

	ACT
	150 -250 sec
	Heparin 5-20 u/kg ; FFP or cryoprecipitation*

	Fibrinogen
	> 150
	FFP or cryo (if < 100)

	SvO2
	70 - 80%
	ECLS flow, Sweep FiO2

	SaO2
	> 90%
	ECLS flow, Sweep FiO2

	PCO2
	35-45 mmHg
	Sweep gas flow

	PaO2
	> 65 mmHg
	ECLS flow, Sweep FiO2

	
	
	


·  Pressure monitor, circuit flow and clinical diagnosis:

	Flow
	CVP
	LAP
	BP
	Clinical diagnosis

	(
	(
	(
	(
	ECLS overflow or blood/fluid overload,RAA

	(
	(
	(
	(
	Hypovolemia and/or bleeding

	(
	(
	(
	(
	Pulmonary hypertension, cardiac tamponade, 

ECLS malfunction, or ( intrathoracic pressure

	(
	(
	(
	(
	Sepsis, aortic regurgitation

	(
	(
	(
	(
	Rv failure


· Weaning (trial off ECLS):

_____ CxR improved; (PaO2, (VO2, (PaCO2,(Peak airway pressure,(Compliance 

_____ LV/RV function improved,(Pulse pressure,(VO2
1. ____ ECLS FiO2: to less 0.4

2. ____ Decrease ECLS flow (10-20ml/min decrements): to idle flow (or 25% of initial flow)

3. ____ Moderate or low mechanical ventilator and consider HFOV

4. ____ Come off ECLS: ABV on centrifugal and VBA on roller pump and decannulation

· Complications and check list:

____ Bleeding: surgical site (27%), GI (6%), intracranial (5%) 

____ Infection: 20-30% and consider fungal infection (50%)

____ Pneumothorax, hemothorax, cardiac tamponade 

____ Mechanical complications

     ____ cannula malposition, kinking or tubing rupture

     ____ clot or air in circuit

     ____ oxygenator failure

     ____ pump malfunction

     ____ heat exchanger malfunction

____ Renal failure: consider hemofiltration and increase pump flow

____ CNS sequela: _____________________________________
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