
COMPETENCY VALIDATION

magellan ventilator

	Name:
	Dept:: hyperbaric Medicine
	Title:

	Competency: Magellan Ventilator

Demonstrates knowledge of Ventilator and proficiency in Hyperbaric use as evidenced by:
	(  New employee

(  Annual

	LEGEND:

A. Direct observation

B. Verbalizes

C. Written exam

D. Video/reading material review

E. Skills lab / testing

F. Other (specify):
	LEVELS OF PERFORMANCE:


NA
Not applicable

1. Needs assistance (little or no experience)


2.   Minimal assistance (some experience)


3.   Perform independently (competent / experienced)


4.   Resource / Instructor (able to teach)

	
	Level of Performance

	Date
	How met
	Criteria
	Self-eval
	Evaluator

	
	D
	Review Operational manual on care and operation of Magellan Ventilator.
	
	

	
	D
	Review In-service reading / video material on care and operation Monoplace Magellan Ventilator
	
	

	
	C
	Score at least 80% on exam.
	
	

	
	A, B & E
	Demonstrate and describe setting up the ventilator with a rate of 12, Vt of 700, and I:E of 1:2 or better and PEEP of 5 cmH2O.
	
	

	
	B
	Explain why the I:E ratio is especially important with a hyperbaric treatment.
	
	

	
	B
	Explain why the Magellan ventilator needs 140-150 psi supply pressure to operate properly with patients treated in a monoplace chamber.  
	
	

	
	D
	Has viewed Magellan Training Video, both the lecture and the hands on segments.  Approximately 2 hour’s length.
	
	

	
	
	
	
	


	Competency Completed
	Date

	Employee Signature
	

	Evaluator / Trainer Signature
	


Magellan Ventilator Inservice

Hyperbaric Medicine

Hennepin County Medical Center
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Magellan Ventilator

Training for Monoplace Operation
Ventilator Specs:

1. Pneumatically powered, single –circuit, volume-constant, time-cycled and inspiratory flow variable.  The inspiratory flow pattern is a square-wave.

2. IMV and CPAP can be added as needed.

3. Pressure relief valve has an adjustable range of 0 to 120 cmH2O.

4. Supply / Inlet gas pressure range: up to 150 psi.   Note: (1 psi = 70.31cmH2O)

Modifications for the Monoplace chamber: 

a. Pressure relief valve has been removed because of the very high driving pressures needed with the Monoplace chamber.  The pressure relief valve is now placed inside the Monoplace chamber.

b. I-Time and E-Time knobs have had the “stops” removed to allow these knobs to make more than one revolution.

Knobs (Four):

1. I –Time.  
Controls respiratory rate, I:E ratio,  tidal volume, and  PIP’s

2. E –Time.  
Controls respiratory rate, and I:E ratio.

3. Flow control  
Controls tidal volume and  PIP’s 

4. IMV / CPAP 
Constant flow gas source for IMV and CPAP applications.  

NOTE: IMV / CPAP is generally not applicable for monoplace patients but can be set up and used if needed for non monoplace applications.

Tidal volume is adjusted by:  

 I-Time knob and Flow knob




________________

 Respiratory Rate is adjusted by:  

 I-Time knob and E-Time knob
Set-up Procedure:

1. Pre-Dive Ventilator Checklist: needs to be completed.

2. Warm up Magellan at least 15 – 20 minutes prior to placing on patient.  (This reduces drifting of the rate and Vt)

3. CAUTION: Because there are no reference points for the flow control, I-time and E-time controls, ALWAYS CONNECT TO A TEST LUNG FIRST to adjust or verify ventilator settings. 

4. Patient Circuit:  There are threaded connections that connect the patient circuit both to the Magellan ventilator and to the penetration port on the outside of the chamber door.  The inside connections are friction fits from the door penetration to the patient “Y”.   NOTE: The outside pressures can be up 30 psi and the inside pressures are less that 1psi.  The outside connections are threaded because of this increased pressure of 30 psi. 
Note: 

(1 psi = 70.31cmH2O) Normal ventilation for an ICU patient is around 20 to 40 cmH2O.  This equals about ½ - ¾ psi.  The Magellan’s drive pressure is 140-150 psi.  Normal vents use 50-60 psi.
5. Differential pressures:  The Monoplace chamber will be operating at 0 – 30 psi.  This requires the Magellan to push against up to 30 psi and then ventilate the patient in less than a 1 psi range.  
6. Check valves:  Because of the high differential pressures, there ALWAYS needs to be a check valve in the patient breathing circuit.  We have put a check valve with a 1/3 cracking pressure rating on the inside of the chamber.  Verifying that it works is part of the Pre-Dive check off.  This can be accomplished easily by connecting a resuscitation bag to the end and trying to gently force air backwards (towards the ventilator) valve.  Without this check valve there could be a potential vacuum to the patient’s ET-tube of 1551 mmhg at 3 ATA.

7. Reverse flow valves:  Reverse flow valves have also been placed in the patient’s circuit outside of the chamber for added protection against a possible pressure boundary loss and excessive vacuum pressure to the patient’s lungs.

8. Inspiratory Check Valve:  This valve is placed in the inside ventilator manifold block and is another protection for any vacuum pressure to the patient’s lungs.  It will open to relieve small amounts of vacuum or negative pressure.  
9. Pop-off or Pressure Relief valve:  There are at least adjustable 2 pressure relief valves placed in the inside patient circuit.  These are adjustable and should be set to approximately 60 & 65 cmH2O.  Because of the high ventilator pressures required there needs to be a safety Pop-off valve in case of excessive pressures.
10. Patient Circuit:     

a. Threaded high pressure O2 hose from the ventilator to the door penetrator.

b. Corrugated wide bore tubing from inside door to the patient “Y” and for exhaust.

c. Special Bird exhalation valve is used for the Magellan ventilator on a monoplace.  

d. A Volume measuring device, i.e., the Ohmeda senor clip is attached after the exhalation valve. 
e. A mechanical respirometer (ex: Wrights) needs to be attached after the sensor clip.  
f. Corrugated wide bore tubing can be used for patient exhaust and is run to the back of the chamber and inserted in the chamber’s exhaust vent cover.  This would be for monoplace chambers that compress with air and want to keep the chamber atmosphere below 23.5% oxygen level.  

g. Small bore tubing runs from the patient “Y” to a pressure manometer for monitoring proximal airway pressures.

h. Small bore tubing runs from the exhalation valve to the door penetrator and to the Magellan ventilator.  The Magellan sends pressure through this line to the exhalation valve so that the exhaust side is closed during inspiration and all of the tidal volume will go to the patient’s lungs. 
11. Exhalation Valve:  The exhalation valve is operated by an intermittent pressure signal from the Magellan ventilator.  This is a Bird exhalation valve.  Normal exhalation valves fail (diaphragm ruptures) at the pressures we are using.  The control line comes from the ventilator to a penetration port in the door of the chamber.  Another line is connected on the inside penetration port and runs to the Bird exhalation valve.

12. Ohmeda Volume Monitor 5410 / 5420:  This device will measure and monitor patient volumes and respiratory rates.  
a. There are alarms for High and Low minute ventilation (RR x Vt) and Apnea after 20 sec.  
b. The monitor is never put inside the chamber!
c. Always operate the monitor with the battery pack, never with the external AC/dc power adapter.   
d. Only the sensor clip goes inside the chamber connected to the patient’s circuit just before the exhalation valve.    
e. The sensor clip has two light emitting diodes (LED’s) and two photosensitive receivers.  As air passes through the clear connecting device it turns a small vane which interrupts the light signal from the LED’s.  This is what measures volume and rate etc.  
f. These LED’s use an extremely low current (0.0013 - 0.0015 watts) and produce very little heat.  
g. High and low alarms should be set approximately 10% to 15% below set tidal volume for LOW MV (minute ventilation) and 10% to 15% above set tidal volume for HIGH MV.  
h. The Apnea alarm is pre-set to alarm after 20 seconds.
13. Respirometer: A mechanical respirometer (e.g. Wrights) should always be used along with the Ohmeda Vol. Monitor.  The respirometer is connected after the Bird exhalation valve (Similar to the Ohmeda sensor clip location).  This is used in place of the Ohmeda measuring device to measure exhaled tidal volumes.  This should be placed so that it is clearly visible to the person on the outside who is operating the Magellan ventilator.   Since there will be no way to re-set the dial after each breath the tidal volume (Vt) will have to be mentally calculated with each breath.       CAUTION:  BECAUSE THERE ARE NO VOLUME ALARMS OR APNEA ALARMS THE PATIENT & VENITLATOR MUST BE CAREFULLY WATCHED AT ALL TIMES.
14. Pressure Manometers (2 each):  Proximal from the patient “Y” and Distal connected to the inside patient circuit manifold.  These will monitor the patient airway pressure.  Typically the proximal airway pressure is more accurate.  Ensure that both manometers are clearly visible to the person outside who is operating the Magellan ventilator.
15. Connections:  Be sure all connections are snug before starting HBOT.  A disconnect will require bringing the patient out ASAP to reconnect.  
16. Suctioning:  Patients should be suctioned just prior to compressing.
Chamber Physiology 

1. Atmospheres and Pressure:  1 atm = 14.7 psi or 760 mmhg.
2. PaO2:  on normal on room air is 98 mmhg.   On 100% at 1 ATA the PaO2 approx. 600 mmhg.  At 2.4 ATA the PaO2 is approx. 1500 mmhg, and at 3 ATA approx. 2000 mmhg.
3. Boyles Law:  Increased pressure causes a decrease in volume and visa versa.  This can be visualized by thinking of a balloon in the chamber filled with air.  It will shrink as the pressure is increased and expand back to the original size when the chamber is brought back to 1 atm.  This is important for the patient’s tidal volumes during compression & decompression.  The ventilator will need to be adjusted during any pressure changes.  
Constantly watch and monitor a ventilated patient 
VT, RR, PIP, I:E ratio and the patient

During compression and decompression

Cautions / hazards with compression:

a. Under ventilation will increase the PaCO2 and increase ICP’s.

b. Leak around ET-tube cuff, especially if the air was not replaced with NS in the cuff before the dive. 

c. Ear squeeze or sinus squeeze.  HOBIT Trial patients should have bilateral myringotomies.
Cautions / hazards with decompression:

a. Air embolism from expanding air that is trapped in the patient’s lungs.

b. Potential for pneumothorax with trapped intra-pleural gas.

c. Over ventilation with decreased PaCO2.

d. Reverse sinus squeeze or ear squeeze.

This can especially be a hazard during an emergency ascent / decompression with rapidly expanding gases / volumes.
TROUBLESHOOTING THE MAGELLAN VENTILATOR
Warring!  Always remove the patient from the ventilator and manually ventilate the patient with a resuscitation bag if there is difficulty with troubleshooting a ventilator problem.

1. High PIP Pressures:  

a. PIP’s that are 45 cmH2O and above need to be re-evaluated for treatment, especially for HBO2 treatment pressures at 2.0 ATA or greater.  The increased chamber pressure will increase the PIP pressures which can be damaging to the patients lungs.
b. Check for tubing obstructions, possible pneumothorax, increased secretions, decreased lung compliance, I:E ratio not set properly, inspiratory flow rates too high, etc.

c. Always remove the patient from the ventilator and manually ventilate if there is any concern or the problem cannot be quickly resolved.

2. Delay in Exhalation:
a. Possible back pressure from a malfunctioning check valve. 

b. Remove check valve and test for proper inspiratory flow.  

c. Inspect check valve for any obstruction on the inlet side.

d. Verify that check valve has no reverse flow.
e. Check that Magellan exhalation tubing is properly installed and working properly.

f. Check for possible airway obstruction with patient circuit or ETT.

g. Always remove the patient from the ventilator and manually ventilate if there is any concern or the problem cannot be quickly resolved.

3. Flow Through the Exhalation Valve on Inspiration:
a. The needle indicator on the mechanical respirometer should never rotate during inspiration, only on exhalation.

b. Always verify that on inspiration the respirometer needle does not move or rotate during inspiration.  If it does move, you will have a false reading on the Ohmeda Vol. Monitor.  Inspiratory gas (Vt) that would normally go to the patient, is leaking through the exhalation valve during inspiration and registering as tidal volume on the Ohmeda.  

c. Check ventilator supply hose for proper supply pressure to the ventilator.
d. Check on/off valve or needle valve that it is fully open.

e. Verify that the exhalation valve pressure line is not kinked or disconnected.

f. Always remove the patient from the ventilator and manually ventilate if there is any concern or the problem cannot be quickly resolved.

4. Inability to Increase Tidal Volume:

a. This may be caused by an inlet supply pressure to the ventilator that is set too low.  The Magellan can be operated with a supply pressure up to 150 psi.
b. Possible leak in the patient’s circuit.  Check all connections including the plastic or metal connectors that are part of the inside ventilator manifold (“block”).  Check patient “Y” connections.  Check for a cuff leak.  Leak in pressure line going to the exhalation valve.
Patient Circuit
OUTSIDE VS. INSIDE PRESSURES
Supply pressure to the patient transitions from a high outside pressure (up to 30 psi) to “normal” inside ventilator pressure, as pressure passes from the outside to the inside.  All is relative inside, but outside there is a very large pressure differential.  (△P) 
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Add Comment / photo of Air – O2 mixing here.
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Flow Control                 IMV / CPAP                                             E – Time                     I - Time
PARAMETERS:
ADJUSTMENTS

VOLUME:
Flow Controls & I-Time

RATE: 


I-Time & E-Time

I:E RATIO:
I-Time & E-Time 
PIP:


Flow Controls, I-Time
PEEP:

Apply Special PEEP device

NOTES:  

· Any adjustment to the I-Time or E-Time will affect the RR

· Try to keep the I:E Ratio > 1:3.  Keeping the PIP’s down will require adjustments primarily to the I-Time and flow rate.
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IMPORTANT!  

A mechanical respirometer should always be placed in line on the exhaust side of the patient’s ventilator circuit.  This is in addition to the Ohmeda Volume Monitor.  

It’s essential that you have both the Ohmeda and the mechanical respirometer monitoring the patient’s exhaled tidal volume.  This will help with troubleshooting some of the ventilatory problems that may arise.
The mechanical respirometer indicator needle should never move on inspiration, only on exhalation.  If it does move / rotate during inspiration, refer to the TROUBLESHOOTING section on page 8 No. 3.    
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Magellan In-service 

Post Exam

Name: _________________________



Score: ________________

Date: __________________________

Trainer: ____________________________

1. How is the Magellan powered?

2. What is the normal driving pressure for the Magellan?

a. 60 psi

b. 100 psi

c. 150 psi

d. 200 psi

3. What two knobs control respiratory rate?

a. I-Time

b. E-Time

c. Flow Control

d. IMV / CPAP

4. What two knobs adjust the patient’s Tidal Volume?

a. I-Time

b. E-Time

c. Flow Control

d. IMV / CPAP

5. Why does the Magellan need a 15 minute warm-up period before use?

6. Why is it important to use a test lung before using the Magellan on a patient?

7. What is the maximum chamber pressure for the Monoplace chamber?

a. 20 psi

b. 30 psi

c. 40 psi

8. Why is it important to have a check valve in the patient’s breathing circuit?

9. Explain the function the Exhalation valve.

10. What happens to the tidal volume during compression and decompression of the chamber?

11. Name one hazard that could happen during compression.

12. Name one hazard that could happen during decompression.

13. What needs to be done to the patient’s cuff prior to an HBOT treatment?

14. Match the numbers to the letters on the diagram below.      
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Instructions:  Identify the letter in the above photo and the number below that corresponds to that letter.  Write this number next to the letter below.  
FOR EXAMPLE:  Letter C. ______ would have the # 5. (Distal Pressure Manometer) 
A. ______ 


1.  PEEP Valve
B. ______


2.  Patient Supply line
C. ______


3.  Low Pressure Pop-Off Valve 
D. ______


4.  Patient Exhaust

E. ______


5.  Distal Pressure Manometer
F. ______


6.  Exhalation Valve & Control Line

G. ______


7. Ohmeda Clip Assembly
H. ______


8. Inspiratory Check Valve

I. ______


9. Ventilator Supply to Manifold

J. ______


10. High Pressure Pop-Off Valve

15. Final Check off:

· Set up Ohmeda Volume Monitor, set alarms for below MV and start

· Set ventilator to the following setting: Vt 500, RR 12, PEEP 5 cmH2O and PIP between 20-45 cmH2O
i. While chamber is compressing at approximately 5 fpm to 2.5 ATA, maintain parameters with I:E ratio > 1:2 and PIP < 45 cmH2O.

ii. During decompression to surface maintain the same parameters as above.

· Set ventilator to the following setting: Vt 600, RR 10, PEEP 10, and PIP between 20-45 cmH2O

i. While chamber is compressing at approximately 5 fpm to 2.5 ATA, maintain parameters with I:E ratio > 1:2 and PIP < 45 cmH2O.
Control Line to Exhalation Valve





Outside Supply to Patient 


(Pt Circuit)





150 psi Supply to Magellan Ventilator





Control Line to Exhalation Valve





Outside Supply to Patient 


(Pt Circuit)





Gas (FiO2) flow direction for patient circuit.





Outside Non-Return Valve


(Pt Circuit)





Ohmeda Volume Monitor





Ohmeda Clip Assembly





Ohmeda Transducer





Distal Pressure Manometer





Inspiratory Check Valve





Ventilator Supply





High Pressure Pop-Off Valve





Low Pressure Pop-Off Valve





Patient Exhaust





Patient Supply Line





PEEP 


Valve





Exhalation Valve


And Control Line





Ohmeda Sensor Clip





Proximal Pressure Manometer





Mechanical Respirometer Always placed on exhaust side of the patient vent circuit





Safety Check valve in patient circuit





Pressure Relief Valve


(Adjustable)





Safety Check Valve
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