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Maximal Inspiratory Pressure (MIP) 
 
Maximal Inspiratory Pressure (MIP) is the most widely used direct measure of respiratory 
muscle strength and may detect respiratory muscle dysfunction earlier than spirometry (1,2). 
MIP is a measure of global inspiratory muscle strength and since the diaphragm is the major 
inspiratory muscle, it can infer diaphragmatic muscle strength (2-5).   

MIP is determined by measuring airway pressure during a maximal inspiratory effort. It 
is measured at the mouth for non-intubated patients and at the end of the endotracheal or 
tracheostomy tube for intubated or tracheostomized patients. The measured pressure is a 
composite of the pressure generated by the inspiratory muscles and the elastic recoil pressure 
of the lungs and chest wall (2).  The MIP is non-invasive, and it has well-established reference 
values (lower limit of normal of 60 cmH2O for females and 80 cmH2O for males) (6-8).  In the 
ICU many patient’s MIP will be only about 30 cmH2O (9). 

The measurement is performed with an analog or digital pressure manometer.  All 
patients should be sitting upright, if possible, at a 90-degree angle. Certain clinical scenarios 
(altered level of consciousness, hypotension or arrythmias) or surgical interventions may not 
allow for the patient to be at a 90-degree angle. In the ICU, the patient should be sitting at least 
at a 30-degree angle. Patients are asked to exhale to residual volume (RV) and then perform a 
maximal inspiratory effort, sustaining it for 1 to 2 seconds (9).  In the ICU the measurement is 
done at FRC.  For patients without an artificial airway, use a mouthpiece on the filtered 
pressure manometer and nose clips for the nose. In intubated patients, the optimal 
measurement of MIP is done with a one-way valve attached to the endotracheal tube and 
filtered manometer to minimize dead space while the patient is removed from the ventilator 
(10).  In order to remove the patient from the ventilator, the clinician must ensure that it is safe 
to disconnect the patient. The patient should be spontaneously breathing on assisted 
ventilation with  FiO2≤0.5, PEEP≤10 cmH2O, hemodynamically, and cardiovascularily stable  The 
measurement should be repeated at least 3 times and be reproducible within 10%. Ensure the 
patient receives enough rest between the measurements as the patient could fatigue and give 
erroneous values. For patients with an artificial airway that means placing them back on the 
ventilator between measurements. The measurement value depends on patient co-operation 
and a low value may be interpreted as weakness when in fact it is due to poor technique. MIP 
has low accuracy in predicting extubation success in mechanically ventilated patients (11). The 
MIP can be performed on the ventilator, however the manometer is preferred as it removes 
the deadspace from the ventilator circuit. 
 
 

1. Required Equipment: 
Non-Intubated:  A calibrated digital or Analog Pressure Manometer (analog preferred), 
filter, t-piece one-way valve with tubing or one-way valve with a pressure line adaptor 
and tubing, mouthpiece, and nose clips. 
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Artificial Airway:  
A calibrated digital or Analog Pressure Manometer (analog preferred), filter, t-piece 
one-way valve with tubing or one-way valve with a pressure line adaptor and tubing, 
and it will attach directly to endotracheal tube 
 

 
A.                                                                                        B. 

 

              
 
Figure 1: MIP manometer set-up. A: analog manometer, green pressure tubing, NIF-tee, filter, 
nose clips. B: analog manometer, green pressure tubing, pressure line adaptor, one-way valve, 
filter to ETT 

 
 

2. How to Perform: 
Non-Intubated:  

a) Have the patient sit upright at a 90-degree angle if possible (30-degrees at 
minimum otherwise). 

b) Place the nose clips and assist the patient in obtaining a good seal around the 
mouthpiece of the manometer. 

c) Have the patient take a couple of breaths on the device. 
d) Occlude the inspiratory valve and ask the patient to exhale to RV. 
e) Ask the patient to immediately follow this with a maximal inspiratory effort. 
f) Note the largest value read by the manometer (for analogue note where the 

hand temporarily stops). 
g) Allow the patient to rest between measurements. 

 
Artificial Airway: 

a) Have the patient sit upright at a 90-degree angle if possible (30-degrees at 
minimum otherwise). Ensure the cuff is adequately inflated to minimize 
airway leak. 
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b) Minimize as much dead space as possible by attaching the one-way valve and 
manometer directly to the endotracheal / tracheostomy. 

c) Have the patient take a couple of breaths on the device. 
d) Occlude the inspiratory valve and ask the patient exhale to RV. 
e) Ask the patient to immediately follow this with a maximal inspiratory effort.  
f) Note the largest value read by the manometer (for analogue note where the 

hand temporarily stops). 
g) Allow the patient to rest between measurements. 
h) Please refer to the Appendix for performing an estimated MIP on various 

mechanical ventilators. 
 
Non-compliant patients: 
 
In patients who are invasively ventilated and unable to co-operate or follow 
instructions, the Marini maneuver has been validated to measure MIP. After a period of 
at least 10 minutes of rested breathing (patient’s baseline ventilation settings), confirm 
that the airway occlusion pressure (P0.1) is greater than 2cmH2O, then an occlusion 
maneuver can be applied for up to 20 seconds to stimulate increased respiratory efforts. 
The occlusion is performed with a one-way valve that allows expiration (enables 
exhalation to RV over several respiratory cycles) but is closed to inspiration. The 
maximal negative airway pressure generated during the period of occlusion is the MIP. 
This should be performed up to three times, with a period of at least 10 minutes of 
rested breathing in-between (10). This maneuver can only be performed off the 
ventilator. 
 

 
*Image from fluxmed recording of Marini maneuver 

 
 
3.   How to Record:  

Non-Intubated: Read the display on the pressure manometer (for analogue note       
where the hand temporarily stops). 
 

      Artificial Airway:  
a) Using the pressure manometer: Read the display on the pressure manometer 

(for analogue note where the hand temporarily stops). 
b) If performing on the mechanical ventilator as per the intructions in the 

appendix, measure the maximal deflection. 
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4.    How to Analyze: 
        Non-Intubated:  
        Take the maximum (largest) value of the 3 results. 
 
        Artificial Airway: 
        Take the maximum (largest) value of the 3 results 
  
 
5.     CRF data points to be obtained from the signal analysis 

        The maximum (largest) MIP value would be recorded. 
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Appendix 1 Specific instructions how to perform and record MIP on each of the ventilators. 
 

Ventilator How to Perform How to Record 

Puritan Bennett 840 
(must have LC/RM 
available) 

Patient should be aware of the maneuver  → 
Press the LC/RM button on the screen, then 

select NIF → Ask the patient to exhale out 
fully to RV, press and hold the START button 
while simultaneously asking the patient to 
take a big deep breath by performing the 

maximum possible inspiratory effort → 
Press ACCEPT to save the results (saves 3 at 
a time). 

Appears on top 
right-hand corner of 
the screen once 
maneuver complete. 
Can save 3 results. 
Should also 
manually record. 
 

Puritan Bennett 980 Patient should be aware of the maneuver → 
Press the MENU tab on the left side of the 

screen → Press RM, then select NIF → Ask 
the patient to exhale out fully to RV, press 
and hold the START button while 
simultaneously asking the patient to take a 
big deep breath by performing the 

maximum possible inspiratory effort → 
Press ACCEPT to save the results (saves 3 at 
a time). 

Appears in the 
center of the screen 
once maneuver 
complete. Can save 
3 results. Should 
also manually 
record. 
 

Drager V500 Patient should be aware of the maneuver → 
There are 3 ways to do the maneuver: 
i)EXP HOLD button on the main screen. 
ii)SPECIAL PRODEDURES button, then 
maneuvers, then EXP HOLD. 
iii)SPECIAL PROCEDURES button, then 

DIAGNOSTICS, then NIF button → Ask the 
patient to exhale out fully to RV, press and 
hold the EXP HOLD button while 
simultaneously asking the patient to take a 
big deep breath by performing the 

maximum possible inspiratory effort → 
Press the FREEZE WAVEFORMS button.  

1. When using the 
EXP HOLD method, 
must manually 
record once 
calculated the MIP 
using the baseline 
PEEP and Ptrough 
off the waveform. 
 
2. When using the 
NIF method, it will 
save the current 
result. Should also 
manually record. 
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Scroll over and measure the baseline PEEP to 
the Ptrough at zero flow. 

 

Getinge Servo i Patient should be aware of the maneuver → 
While asking the patient to exhale out fully 

to RV, press the SAVE button → Press the 
EXP HOLD button while simultaneously 
asking the patient to take a big deep breath 
by performing the maximum possible 

inspiratory effort → 
Press the MENU button, then REVIEW, then 
RECORDED WAVEFORMS. Scroll over and 
measure the baseline PEEP to the Ptrough at 
zero flow. 

Must manually 
record once 
calculated the MIP 
using the baseline 
PEEP and Ptrough 
off the waveform. 
 

Gentinge Servo u Patient should be aware of the maneuver → 
While asking the patient to exhale fully to 
RV, press the VIDEO CAMERA button on the 

top of the screen → Go to the MANEUVERS 

button on the left-hand side of the screen → 
Press the EXP HOLD button while 
simultaneously asking the patient to take a 
big deep breath by performing the 

maximum possible inspiratory effort → 
Press the STACK of PAPERS button next to 
the video camera button. Scroll over and 
measure the baseline PEEP to the Ptrough at 
zero flow. 

Must manually 
record once 
calculated the MIP 
using the baseline 
PEEP and Ptrough 
off the waveform. 
 

Hamilton G5 Patient should be aware of the maneuver → 
Press the TOOLS button on the bottom of 

the screen → Ask the patient to exhale out 
fully to RV, press and hold the EXP HOLD 
button while simultaneously asking the 
patient to take a big deep breath by 
performing the maximum possible 

inspiratory effort → The screen will 
automatically freeze. Scroll over and 
measure the baseline PEEP to the Ptrough at 
zero flow. 
 

Must manually 
record once 
calculated the MIP 
using the baseline 
PEEP and Ptrough 
off the waveform. 
 

 
 


