Mechanical Ventilation - Initial Parameters & Alarms

	initial parameters FOR ADULTS (not including mode)

	PARAMETER
	INITIAL RANGE
	REASONS FOR INCREASING
	REASONS FOR DECREASING
	SPECIAL PRECAUTIONS

	Tidal Volume (VCV) ml/kg IBW

Normal, Obstructive, Restrictive
	Recommended

cc/kg IBW

N   10 – 12

O    8 - 10

R    6 – 8

ARDS </= 6
	· To decrease PaCO2

· To increase pH

· To improve gas distribution and lung expansion
	· To increase PaCO2

· To decrease pH

· To decrease lung expansion and prevent volutrauma

· To decrease cardiac compromise from elevated lung pressures
	Be sure to use ideal body weight in your volume calculation and not actual weight

	Minute Volume


	5 – 10 Liters in a minute

Male = BSA x 4

Female = BSA x 3.5

*BSA is body surface area and is obtained from the Dubois Nomogram
	· To decrease PaCO2

· To increase pH

· To improve patient comfort and decrease work of breathing
	· To increase PaCO2

· To decrease pH

· To allow the patient to take a greater role in breathing (weaning)
	Minute volume can be achieved with large volumes and slow rates or small volumes and high rates.  Always evaluate the quality of breathing as well as the quantity.

	Inspiratory Pressure (PCV)
	· Set at PIP – Auto-PEEP from volume control ventilation

· Set at plateau pressure in VCV

· Set at VCV PIP – 5 cmH2)

· Start at 10 – 15 cmH2O and adjust to achieve desired Vt
	· Increase tidal volume

· Decrease PaCO2

· Increase pH

· Improve distribution of ventilation

· Increase minute ventilation
	· Decrease tidal volume and prevent volutrauma

· Increase PaCO2

· Decrease pH

· Decrease minute ventilation


	Elevated inspiratory pressure can cause cardiac compromise.  Monitor blood pressure and cardiac output.

	Rate
	8 – 20 breaths per minute depending on Vt
	· Decrease PaCO2

· Increase pH

· Increase minute ventilation
	· Increase Paco2

· Decrease pH

· Decrease minute ventilation
	Elevated respiratory rates can lead to air trapping if expiratory time is insufficient

	I:E, Ti, Te, (% insp, flow)
	A    0.8 – 1.2 seconds

P    0.6 – 0.8 seconds

I     0.3 – 0.5 seconds

Te-  usually at least 4 time constants

 % Insp. – 20 – 33%

I:E Ratio – 1:2 to 1:5 to begin


	· Increasing Ti may improve oxygenation if MAP increases

· Increasing expiratory time may relieve auto-PEEP by allowing exit of trapped gas
	· Decreasing Ti may increase inspiratory flow, inspiratory resistance and peak pressure

· Decreased expiratory time may lead to air trapping and difficulty triggering the ventilator if there is not enough time available
	One of the most important settings for patient comfort.  

LOOK AT THE P/T CURVE.

Any scoops?

Any spikes?

	Flow Waveform
	Usually begin with decelerating flow pattern
	· Decelerating flow usually provides a lower peak pressure and a higher mean airway pressure than square wave at the same inspiratory time
	· A change to square wave may be indicated if the flow is inadequate to meet patient need in decelerating pattern
	When comparing waveforms, look at the graphics to determine what kind of decelerating pattern is present (full deceleration to zero flow or partial deceleration)





	PARAMETER
	INITIAL RANGE
	REASONS FOR INCREASING
	REASONS FOR DECREASING
	SPECIAL PRECAUTIONS

	Rise Time %

The speed at which the breath reaches peak flow or preset pressure.  
	Evaluate the Pressure/Time curve to set properly.

If available, begin with:

Servo 300A  = 5%

NPB 840 = 

Drager XL = 
Vision = 

For Pressure Control, APRV, Pressure Support, Bi-Level may need to turn off.
	· Allowing for time to reach peak flow will slow initial inspiratory flow and possibly eliminate any flow and pressure overshoot
	· Decreasing the rise time will allow a faster initial flow rise and will achieve peak pressure faster.  Good for patients with high flow demand.
	If the speed is too fast, “overshoot” of the pressure limit cam occur and even premature cycling could occur.  If the speed is too slow, the patient’s work of breathing increases as they try to drag gas into the circuit.  See MacIntyre page 65 Figure 2-11

	FIO2
	Based on patient need.  If no oxygenation information is available, begin at 100%
	· To improve oxygenation
	· To decrease the risk of O2 toxicity

· To get nitrogen back into the lung and prevent absorption atelectasis
	Decrease oxygen as soon as possible.  Use PEEP to decrease O2 requirements.  There is no eveidence to support the need for a PaO2 above   80 –100 except in the case of CO poisoning and severe anemia.

	PEEP
	PEEP is usually not applied to adults without a specific indication.  Some institutions may routinely apply +5 cmH2O to all patients.
	· To stabilize alveoli

· To increase FRC

· To improve oxygenation

· To improve gas distribution

· To redistribute lung water

· To help a patient with auto-PEEP trigger a ventilator easier
	· To decrease pressure in the chest and reduce cardiac compromise

· To decrease FRC
	PEEP should be applied in increments and then the outcome should be evaluated through a “PEEP Study.”  This study simply evaluates parameters before and after PEEP.  Look at blood pressure or cardiac output, oxygenation and lung compliance.

	Sensitivity
	1.  Pressure trigger usually –0.5 to – 2 cmH2O

2.  Flow Trigger:

Servo 300 = green area

7200 = Base 6 & Sens. 3

840 = 

Drager XL = 
	· To make the ventilator easier to trigger

· To decrease work of breathing to begin a breath
	· To stop auto-cycling

· We usually do not make the ventilator harder to trigger to increase work of breathing.
	Auto cycling is especially common when PEEP is applied and there is a leak in the system.

	Sighs 


	1.  Volume – 1.5 to 2 times the tidal volume

2.  Rate – approximately 10 – 12 times an hour

3.  Multiples – usually set at 1 to 2 sighs in a row

4.  Pressure Limit – near but above normal pressure limit (approx.  5 – 10 cmH2O above normal limit)


	· Usually added when small volume ventilation is in use. (</= 4 cc/kg IBW)

· Can be applied for refractory atelectasis


	· Remove sighs if the sigh breath pressure is too high

· Remove sighs if cardiac instability may occur from elevated pressures

· Monitor carefully for auto-PEEP and air trapping
	It is not recommended to use sighs if the pressure on a sigh breath is significantly higher than the pressure of the normal breath.  



	Apnea Back-up 
	1.  Interval – 15 to 20 sec.

2.  Volume – same as set Vt.

3.  FIO2 – at or above set FIO2 

4.   Flow – use caution on 7200 – apnea breaths change to square waveform so adjust flow for square wave (usually ½ the decelerating flow)
	· The rate and the FIO2 may be set above the actual ventilation values if indicated
	· The rate should not be set below 8 bpm to ensure life support in case of apnea
	Not all ventilators and all modes have apnea back up.  Consider the patients risk of fatigue or apnea when choosing a ventilator or a mode


	PARAMETER
	INITIAL RANGE
	REASONS FOR INCREASING
	REASONS FOR DECREASING
	SPECIAL PRECAUTIONS

	Pressure Support
	Low level – 5 – 10 cmH2O to air in overcoming resistance of an artificial airway (PIP – plateau)

Moderate Level – to augment tidal volumes, titrate to 3 – 5 cc/kg IBW or to achieve acceptable respiratory rate without accessory muscle use (60% of plateau from VCV)

High Level – PS max is the level of PS that achieves full tidal volume ventilation (80% of plateau in VCV)
	· To decrease work of breathing

· To control the quantity of work a patient is performing

· To prevent rapid shallow breathing
	· To allow the patient to perform more of the work of breathing

· For respiratory muscle reconditioning

· 
	Be sure to set the respiratory rate properly.  It will not provide a ventilating rate but it will limit the inspiratory time in the event of a leak where the ventilator cannot flow cycle.

	Pressure Plateau
	Starting settings 0.25 – 0.5 seconds
	· Longer plateau will increase mean airway pressure 

· To improve gas distribution

· To improve oxygenation
	· When increase MAP may cause cardiac compromise

· When not tolerated by the patient and patient is trying to exhale or begin another breath
	When used continuously on every breath as an intervention and not just to obtain a plateau pressure, it is totally patient dependent.  Observe the graphics to prevent air trapping as well as patient comfort and cardiac stability.


	CALCULATIONS

	PARAMETER
	CALCULATION

	Ideal Body Weight – men & women
	MALE:       5 ft = 106 lbs. And for each inch over 5 ft add 6 lbs.

FEMALE:  5 ft = 105 lbs. And for each inch over 5 ft add 5 lbs.

	Tidal Volume 
	Tidal Volume (Vt L)  = Minute Volume (Ve L)
                                         Frequency (f bpm)

	Minute Volume 
	Minute Volume  =  Tidal Volume  x  Frequency

	Circuit Compliance Factor
	Volume delivered to a closed circuit (mL) ____  =  mL/cmH2O 

Pressure used to deliver that pressure (cmH2O)

	Lost Volume Calculation
	(Peak ventilating pressure – PEEP)  x  circuit comp. factor  =  

                                                                                                 lost vol (mL)

	Corrected Delivered Tidal Volume
	Set Volume on ventilator (mL)  -   Lost Volume (mL)  =  

                                                           Volume delivered to the patient (mL)

	Inspiratory Pressure Levels

(Ventilators vary in their calculations of ventilating pressure in pressure control, pressure support, BiPAP and other pressure modes.  Be sure to read the manufacturers literature so you have a good understanding of how to apply these modes correctly.)
	On Pressure Support:  Peak pressure = PS + PEEP

                                    Pressure boost  =  PS setting

BiPAP:  Peak Pressure = IPAP

              Pressure Boost  =  IPAP - EPAP

	Respiratory Cycle Time (total cycle time)
	60 seconds in a minute  -  RCT  

        Frequency

	Time Constant
	Compliance  x  Resistance  =  one time constant

Time constant                            % gas filling or emptying in  lung

        One                                                         63%

        Two                                                         87%

        Three                                                       95%

        Four                                                         98%

        Five                                                          99.3%



	I:E 
	Expiratory Time (sec)  =  the “E” of the I:E ratio  
“I”  always = 1 Inspiratory Time (sec)

	Ti and Te 
	Respiratory Cycle Time   =   The Insp. Time

The Sum of the I:E Ratio

RCT  -  Insp Time  =  Exp. Time


	PARAMETER
	CALCULATION

	Formula #1 - Inspiratory Gas Flow Rate for square waveform & decelerating waveform
	Minute Volume   x   the Sum of the I:E ratio  = 

                                                                       inspiratory flow for square wave form

Square wave  x  2  =  decelerating flow rate (approximately)

	Formula #2 - Inspiratory Gas Flow Rate for square waveform & decelerating waveform 
	    Tidal Volume (L)___     X  60  =  square wave flow rate

Inspiratory Time (sec.)

Square wave  X  2   =  decelerating flow rate (approximately)

	Pressure Support Levels 
	1. To overcome artificial airway resistance = PIP – Plateau in VCV

2. To augment shallow spon. Vt = 60% of Plateau in VCV

3. For full ventilatory support = 80% of Plateau in VCV

	Static Compliance
	Corrected Tidal Volume (Liters delivered)    =   Static Lung Compliance (Cs)

            Plateau Pressure  -  Total PEEP

	Effective Dynamic Compliance
	Corrected Tidal Volume (Liters delivered)   =  Dynamic Compliance

             Peak Pressure – Total PEEP

	Dynamic Characteristics
	Corrected Tidal Volume (Liters delivered)   =  Dynamic Characteristics

             Peak Pressure – Total PEEP

	Airway Resistance
	Peak Pressure – Plateau pressure     X     60    =    Raw  

Continuous Flow (square wave)

	Mean Airway Pressure 

(not a calculation done by Resp.Therapist  -  it is done by ventilator)
	Area under the entire pressure curve for one breath    =    MAP

                      Respiratory Cycle Time

	Deadspace 

Normal  -  1 – 6 mmHg but  > 6 mmHg may indicate deadspace
	PaCO2  -  PetCO2  =  P (a-et) CO2 Gradient




	ALARMS

	ALARM
	USUAL STARTING SETTING

(May need modification after placement on patient)
	POTENTIAL PROBLEMS CAUSING  ACTIVATION
	COURSE OF ACTION

	Low Tidal Volume  (usually 3 – 4 breaths low before activated)
	10 - 20% below the lowest acceptable tidal volume (The spontaneous volume is often lower than the mandatory volume so set alarms accordingly.)
	· Disconnect

· Leak (circuit, ET, chest tube…)

· Shallow spontaneous   

· breathing
	· Check circuit integrity

· Monitor for airway cuff leak

· Evaluate chest tube function

· Evaluate patient condition – Is patient tiring out?  Should pressure support be added or increased?

	High Tidal Volume 
	10 - 20% above the highest acceptable tidal volume

(The set volume is usually the larger but if the spontaneous volume is larger, then set the alarm 20% above an acceptable spontaneous volume)
	· Ventilator exceeding high alarm setting could be malfunctioning

· Patient exceeding the high volume setting may be capable of breathing more on their own or may be in distress.
	· Evaluate patient status – Do I need to start weaning?  Is the patient in distress?

· Verify proper ventilator function of both volume delivery and alarm setting.

	Low Minute Volume Alarm (usually the sum of both mandatory and spontaneous)
	10 - 20% below the lowest acceptable minute volume.  (This is usually the set MV in mandatory or assisted modes)
	· Patient may be fatiguing

· There may be a system leak


	· Evaluate the patients respiratory status and r/o fatigue

· Check the system for leaks

· Verify ventilator settings and alarms are proper

	High Minute Volume Alarm (usually the sum of both mandatory and spontaneous)
	10 - 20% above the highest acceptable MV.  (The spontaneous MV may exceed the mandatory MV so set alarms accordingly)
	· Patient may be in distress

· Ventilator may be auto-cycling
	· Assess patient’s ventilatory status

· Evaluate ventilator function.  Is there an error or a leak causing auto-cycling?

	Low Rate Alarm (apnea)
	On many ventilators,  apnea ventilation or an alarm will usually begin when the rate falls below 3 – 4 breaths per minute
	· Patient may be apneic

· Sensitivity may be set improperly so the patient cannot trigger the ventilator
	· Assess the patients respiratory efforts.  

· Is the patient breathing?

· Can the patient with efforts trigger the ventilator?

	High Rate Alarm

(Usually about a 10 breath average)
	This is highly dependent on the patient situation.  QUESTION:  What do I want this alarm to tell me?

1.  To determine when spontaneous triggering begins like a post-op – set the alarm very close to the set rate.

2.  For weaning or a very agitated patient– the alarm may be as high as 30 bpm
	· When the actual  respiratory rate has exceeded the alarm limit the following could be occurring:

· Respiratory distress

· Auto-cycling

· Agitation

· Sedation wearing off
	· Evaluate each situation individually 

· Is the patient comfortable?

· Is the ventilator functioning properly?  Do I have a leak?  It it auto-cycling?



	Setting Incompatibility

(Settings Error)

(7200 – “CHANGE PK F/TV FIRST)

           - “DECR RESP RATE FIRST”)

or

Inappropriate Ti or I:E
	Normal Ti  is 0.8 – 1.2 seconds.  On most ventilators, inspiratory time cannot exceed 80% of the respiratory cycle time.

If the combination of I:E, Rate and flow will not allow enough expiratory time, an alarm may be activated.
	· A leak may be causing excessive inspiratory time especially in flow cycled breaths like pressure support

· Setting for I:E. rate or flow may not be compatible
	· Check system integrity and eliminate leaks

· Verify that all ventilator settings are compatible

	Setting Incompatibility

(Settings Error)

(7200 – “CHANGE PK F/TV FIRST”

           - “DECR RESP RATE FIRST”)

or

Inappropriate Te or I:E
	On most ventilators, inspiratory time cannot exceed 80% of the respiratory cycle time.

If the combination of I:E, Rate and flow will not allow enough expiratory time, an alarm may be activated.
	· A leak may be causing excessive inspiratory time especially in flow cycled breaths like pressure support

· Setting for I:E. rate or flow may not be compatible
	· Check system integrity and eliminate leaks

· Verify that all ventilator settings are compatible


	ALARM
	USUAL STARTING SETTING

(May need modification after placement on patient)
	POTENTIAL PROBLEMS CAUSING ACTIVATION
	COURSE OF ACTION

	Low Pressure Alarm
	10 - 15 cmH2O below PIP
	· Disconnect

· Circuit leak

· Artificial airway leak

· Chest tube leak
	· Check integrity of circuit, airway and chest tube

· 

	High Pressure Alarm
	10 - 15cmH2O above PIP
	· Change in patient condition (decreased compliance or increased resistance or agitation)

· Check for air-trapping and auto-PEEP

· Circuit obstruction or malfunction

· Coughing

· Biting, kinking or obstructed airway
	· Assess patient for change in compliance or resistance.  

· Adjust ventilator to correct air-trapping situation

· Suction, bronchodilate, r/o pneumothorax, r/o agitation, 

· Check airway

· Check for circuit obstruction by water or other object

· Check filters and HMEs for obstruction

	Low PEEP/CPAP Alarm
	2 – 3 cmH2O below PEEP level
	· Disconnect

· Trigger sensitivity to high 

· Agitated patient
	· Evaluate patient comfort

· Check system integrity

· Assess patient effort needed to trigger ventilator

· 

	Low Mean Airway Pressure
	2 – 3 cmH2O below acceptable MAP
	· Disconnect or leak

· Change in compliance and resistance

· Change in ventilator settings (PEEP, volume, insp. pressure, plateau…)
	· Check system  integrity

· Assess patient for change in condition

· Verify correct ventilator and alarm settings

	Low or High FIO2 Alarm
	5 % above and below set FIO2
	· Loss of gases either oxygen or air

· Ventilator blender malfunction

· O2 analyzer out of calibration
	· Check gas supply

· Verify accuracy of O2 analyzer and blender

	Blender Alarm
	The manufacturer has it preset to alarm at:
Usually < 35 psi 

or > 65 psi


	· Loss of gas pressure

· Blender obstruction by debris or water
	· Check gas supply

· Verify proper blender operation with calibrated O2 analyzer

	Gas Loss Alarm 

(Air or O2)
	The manufacturer has it preset to alarm at:
Usually one gas supply  < 35 psi 


	· Loss of O2 or air gas pressure at source

· Disconnected gas line

· Malfunctioning compressor

· Obstruction of gas flow into the ventilator 
	· If air lost, patient will be on 100% O2.  If O2 lost, patient will be on 21% O2.  Patient may need to be bagged withO2 if O2 lost.

· Check gas supply pressures (cylinder or wall pressures)

· Look for obstructions in inlet water traps

· Refer to technical support

	Power Loss Alarm
	Preset by Manufacturer
	· Wall electrical supply lost

· Battery supply lost (AC and/or DC)
	· Check electrical outlet.  All life support should be plugged into an outlet (usually red) with emergency back-up power.

· Begin to bag the patient until power can be restored.

· Check for tripped circuit breaker or bad fuse

· Try pushing circuit reset button


	ALARM
	USUAL STARTING SETTING

(May need modification after placement on patient)
	POTENTIAL PROBLEMS CAUSING ACTIVATION
	COURSE OF ACTION

	Safety Valve Open
	Preset by Manufacturer – Patient will be breathing room air, unassisted against zero PEEP
	· Air and O2 supply loss

· Ventilator fault detected

· Power disruption

· POST in progress
	· Immediately begin bagging the patient with oxygen until the situation can be corrected

· Restore power, gases or correct fault.

	Back Up Ventilation

(NPB 7200)
	What are the manufacturers settings on 7200ae? 

Vt  0.5 L, 12 bpm, 45 lpm flow, square wave, current PEEP setting, 100% O2, HPL 30 cmH2O above PEEP with everything else disabled


	· POST error 

· Three microprocessor errors in 24 hours

· AC voltage <90% rated value

· 
	· Remove the ventilator from patient use and send to technical support for service

	Airway Pressure “Disconnect Ventilation”

(NPB 7200)
	Preset by Manufacturer

Microprocessor electronics detects inconsistencies among airway pressure, PEEP and gas delivery pressure in the pneumatics

Apnea ventilation settings are used and patient cannot trigger breaths.  The ventilator will not auto reset.
	· Disconnected tubing

· Plugged tubing

· Obstructed filters
	· Check circuit integrity

	Ventilator Inoperative (NPB 7200)

or

Technical Error 

(Servo 300)
	Ventilator is not operational according to the manufacturers guidelines.  The ventilator has self-diagnosed a malfunction.
	· Internal malfunction such as a microprocessor error
	· Remove patient and bag.  

· Turn off then restart ventilator.

· Call for technical support

	Exhalation Valve Leak
	Preset by manufacturer
	· Volume of gas detected through the exhalation valve flow sensor during inspiration exceeds specifications (7200 looks for 10% of volume or 50 mL)
	· Check integrity of exhalation valve.  May not be positioned properly or may have a defect.

	Apnea Alarm Interval
	15 – 20 seconds (adult)
	· Patient not breathing

· Patient unable to trigger ventilator

· Disconnect or leak
	· Assess patient breathing efforts

· Return to mandatory mode if needed

· Adjust sensitivity

· Check system integrity

	High or Low Temperature Alarm
	May be preset by the manufacturer

May be set by operator +/- 2 degrees
	· Water level too low

· Water just added to system

· Probe disconnect

· High flow situation like circuit disconnect

· Temperature settings inappropriate for humidifier or heated wires
	· Correct problems with water level

· Check system integrity

· Adjust humidifier and wire temperatures properly

· 


	ALARM
	USUAL STARTING SETTING

(May need modification after placement on patient)
	POTENTIAL PROBLEMS CAUSING ACTIVATION
	COURSE OF ACTION

	I:E Ratio Alarm

(Insp. plateau included as part if insp. time)
	Usually preset to alarm when > 1:1

May be an alarm or simply an indicator
	· Indicates that inspiration is longer than exhalation

· Inspiration could be prolonged due input of improper settings (flow, I:E, Ti…)

· Leak may not allow ventilator to flow cycle 

· Flow waveform may have been changed from square to decelerating without increasing flow rate

· Insp. plateau may have been added
	· Verify whether or not this is an acceptable situation

· Check input of proper settings

· Check for system leaks

· 

	EtCO2 Low
	Normally 30 – 35 mmHg
	· Exhaled CO2 lower than normal possibly due to:

· Low metabolism

· Loss of pulmonary blood flow

· Excessive ventilation                 

· (hyperventilation)
	· Evaluate for excessive alveolar ventilation

· Evaluate level of metabolism (may be comatose)

· Evaluate pulmonary blood flow (low cardiac output, high pulm. artery pressure, pulmonary embolism…)

	EtCO2 High
	Normally 45 – 50 mmHg
	· Exhaled CO2 elevated possibly due to:

· Hypoventilation 

· Increased mechanical deadspace

· Increased metabolism
	· Evaluate for insufficient alveolar ventilation

· Remove unnecessary mechanical deadspace

· Decrease excessive  metabolism (evaluate temp, seizures, agitation, medications…)

	Prolonged High Pressure Alarm
	Set 5 – 10 cmH2O below PIP and alarms when pressure is sustained above that point for longer than designated time interval (10 sec)
	· Circuit obstruction
	· Clear circuit of obstructions due to kinking, water, filter occlusion, foreign objects…


N = normal lungs


O = obstructive lung disease


R = restrictive lung disease





A = adult


P = pediatric


I = infant
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