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Anatomy & 
Physiology
A brief overview
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The Pulmonary System

Respiratory Control Centers

• Medulla oblongata

- Primary respiratory control center

- Main function: send signals to the muscles that control 

respiration

- Controls rhythmicity of respirations

• Two regions in the Medulla

- Dorsal respiratory group (DRG)

- Ventral respiratory group (VRG)

Respiratory control centers2
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The Mechanics of Breathing

PaCO2 PaO2 Blood pH

Central Chemoreceptors
(in medulla oblongata)

Peripheral Chemoreceptors
(in carotid / aortic arch)

Respiratory Centers

Muscles of Breathing

Ventilation
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Mechanisms of Spontaneous Breathing

• Spontaneous breathing starts with an impulse generated 

by the respiratory centers.

• The impulse is transmitted via the phrenic nerve, which 

excites the diaphragm.

• The contraction of the diaphragm pushes the dome 

downwards, creating negative pressure so that air flows 

into the lungs.

Spontaneous breathing3
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Diaphragm

• Major muscle of ventilation

• Dome shaped

• Right and left hemidiaphragms

• Partition between thoracic and abdominal cavities

• 2–3 mm thick in healthy adults

Diaphragm4
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“The development of VIDD often constitutes a vicious cycle in which mechanical 

ventilation leads to diaphragm weakness that, in turn, perpetuates dependence on 

mechanical ventilation, leading to further diaphragm weakness”.7
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VIDD

- Ewan Goligher, MD, PhD
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Milestones8

Historical timeline of VIDD

• 1988: Abnormalities of diaphragmatic muscle in 

neonates with ventilated lungs by Knisely, Leal, 

and Singer, did not provide direct evidence that 

prolonged mechanical ventilation (MV) 

promotes diaphragmatic atrophy.

• 1994: The first landmark research (animal 

study) to reveal the impact of MV on the 

diaphragm.

• 2008: Milestone clinical study published 

revealing that prolonged MV results in rapid 

diaphragmatic atrophy in humans.
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Overview

• A form of iatrogenic injury from mechanical ventilation

• VIDD can also result from other pre-existing factors

• Research reveals that only 18–24 hrs of MV is sufficient 

to develop VIDD.10

• 15 million patients worldwide are annually placed on 

mechanical ventilation; approximately 30% require 

prolonged weaning.11

Intubated patient on a ventilator9
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Relevant VIDD Statistics

• 2-fold higher than ICU-acquired weakness*12

• 80% occurrence in patients with ICU-acquired weakness entering 

the weaning process12

• Approximately 60% of patients have severe diaphragm weakness 

at the time of their first spontaneous breathing trial.14

• 40% of the duration of mechanical ventilation is dedicated to the 

process of weaning.15

*ICU-acquired weakness (ICUAW)13,14

• A clinically detected weakness in critically ill 
patients in whom there is no plausible etiology 
other than critical illness. 

• Manifests in three ways:
- Polyneuropathy
- Myopathy
- Muscle atrophy 
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Myotrauma

Mechanical Ventilation

Excessive Support PEEP P-V Asynchrony Insufficient Support

Cross-sectional 
Atrophy

Longitudnal 
Atrophy Eccentric Loading Concentric Loading

Atrophy Injury

Muscle Weakness

• Diaphragm muscle injury that can result in 

ventilator induced diaphragm dysfunction

• Forms of Myotrauma

- Ventilator over-assistance

- Ventilator under-assistance

- Eccentric contractions

- End-expiratory shortening
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Four Forms of Myotrauma16

• Over-assistance: 

- Excessive ventilatory support by mechanical 

ventilation or extracorporeal lung support

- Rapid disuse atrophy

- Clinically significant diaphragmatic weakness

- Common, affects nearly 50% of patients that require 

mechanical ventilation

Forms of myotrauma
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Four Forms of Myotrauma16

• Under-assistance: 

- Ventilatory support is insufficient or unable to 

adequately unload the diaphragmatic work of 

breathing.

- Inspiratory effort can redistribute ventilation without 

increasing tidal volume, generating so-called 

Pendelluft.

- Excessive inspiratory loading can cause acute 

diaphragm injury and contractile dysfunction.

Forms of myotrauma



Ventilator Induced Diaphragmatic Dysfunction (VIDD)

30 January 2023
MCV00106532 RevA                                                            Ventilator Induced Diaphragmatic Dysfunction (VIDD): Perpetuating Dependence on Mechanical Ventilation

Page 16

Four Forms of Myotrauma16

• Eccentric Myotrauma: 

- Contractile loads applied while the muscle is 

lengthening (eccentric loading) are more injurious than 

those applied when the muscle is shortening 

(concentric loading).

- Eccentric diaphragm contractions lead to immediate, 

marked diaphragm weakness.

- Typically occurs during the ventilator’s expiratory 

phase

Forms of myotrauma
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Four Forms of Myotrauma16

• Expiratory Myotrauma:

- Diaphragm is maintained at a shortened end-

expiratory length for a prolonged period of time by the 

application of high positive end-expiratory pressure 

(PEEP)

- Causes sarcomere dropout

- When PEEP is withdrawn, the diaphragm contracts 

from an excessive and disadvantageous initial length.

- The clinical relevance of this process remains 

uncertain
Forms of myotrauma
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Diagnosis17

• Phrenic nerve conduction: the accepted standard method of 

quantifying mechanical function of the diaphragm.

- Requires patient effort 

- Requires expertise 

- Requires specialized equipment

- Expensive and time consuming

• Fluoroscopy: has limiting factors

- Ionizing radiation

- Patient transport to X-ray

- High cost



• Ultrasound: 

- Quick

- Reproducible results

- No need to transport patient 

- Safe

- Can be done at bedside
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Diagnosis

(B) Ultrasonic view of Diaphragmatic excursion during breathing in B-mode (upper) and M-mode (lower)18

(C) Ultrasonic view of diaphragm in the zone of apposition during inspiration (upper) and expiration (lower)18



• Diaphragm Thickening Fraction20

- [(thickness at end-inspiration − thickness at end-expiration)/thickness at end-expiration].

- Difficult weaning is encountered in 20–25% of patients;                                                                         

diaphragmatic thickening fraction can help identify patients                                                                 

that are ready for weaning from mechanical ventilation.

- Diaphragmatic thickening (DTf (%)) reflects the magnitude                                                                    

of diaphragmatic effort.
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Ultrasound cont.

Ultrasound of the diaphragm.
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Factors that Place Patients at Risk for Development of VIDD

Diaphragm Weakness

Acute Respiratory Failure Inappropriate Efforts Mechanical Ventilation Sedation Sepsis Malnutrition

Neural Drive

Excessive Unloading
Low Diaphragm activity

Neural Drive

Insufficient Loading
High Diaphragm Activity Oxidative Stress

Protein Synthesis
Protein Degradation

Loss of MassInjury

AtrophyDysfunction

Sarcomere Disruption
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Additional Risk Factors 

Protein 
Synthesis

CA2+ 

Desensitization 
due to oxidative 

changes to contractile 
proteins

Invasive Mechanical 
Ventilation Medications Sepsis Malnutrition

Mitochondrial Oxidative Stress & 
Inflammation

Proteolysis

Muscle Atrophy & Contractile Dysfunction

Ventilator-induced Diaphragm 
Dysfunction

• Sepsis21.

- A crucial risk factor for diaphragm dysfunction in 

ICU patients

- Causes oxidative stress: which may increase 

generation of inflammatory cytokines

- Reduces protein synthesis, increases 

proteolysis

- Decreases diaphragm thickness and thickening 

fraction
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Additional Risk Factors 

Invasive Mechanical 
Ventilation Medications Sepsis Malnutrition

Mitochondrial Oxidative Stress & 
Inflammation

Proteolysis Protein 
Synthesis

Muscle Atrophy & Contractile Dysfunction

Ventilator-induced Diaphragm 
Dysfunction

CA2+ 

Desensitization 
due to oxidative 

changes to contractile 
proteins

• Nutrition22

- Protein metabolism is very sensitive to 

nutritional state.

- Severe short-term nutritional deprivation (ND) 

results in significant loss of diaphragm muscle 

mass.

- Nutritional deprivation can lead to: 

• Ventilatory failure 

• Prolonged ventilatory support

• Failed or prolonged ventilatory weaning
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Cycle of VIDD

Mechanical 
ventilation

Difficulty 
weaning

Increased 
ventilator 

days
Increased 

cost 

Poor 
outcomes

Diaphragm weakness 
(Myotrauma) develops

Failed SBT

Increased mortality, 
tracheostomy, etc.

Hospital acquired infections, 
additional ICU days, etc.
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Strategies to mitigate VIDD

• Engage the diaphragm

• Optimize patient-ventilator synchrony

• Manage patient sedation

2019 Schepens et al. identify targets for diaphragm-protective ventilation23

- Preserve low-normal amount of diaphragm activity

- Avoid dyssynchrony

- PEEP titration
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Mitigating VIDD
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Mitigating VIDD

Atrophy

Insufficient 
loading

Excessive 
unloading

End-expiratory 
muscle 

shortening

Inappropriately 
titrated mechanical 

ventilation

Load-induced 
injury

Eccentric 
contractions

Targets for diaphragm-protective ventilation

Avoid dyssynchrony Preserve low-normal amount of diaphragm activity PEEP titration



Sklar et al. Crit Care (2021)28

• Continuous sedation has a major impact on the resumption of 

diaphragm activity.

• Propofol based sedation has a profound impact on diaphragm 

activity. 

• 50% of patients do not recover diaphragmatic activity within 

one day. 

• Sedatives are the main factors accounting for this delay 

independently from lung or general severity

• Manage patient sedation
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Mitigating VIDD
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Mitigating VIDD24



Monitoring

- Electrical activity of the diaphragm (Edi)

• Without Edi it is quite hard to determine that a patient is 

exercising the diaphragm properly.

• Monitor the patients respiratory drive and evaluate for 

asynchrony.

- Ultrasound of the diaphragm

• Diaphragm excursion

• Diaphragm thickening fraction
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Mitigating VIDD

Electrical activity of the diaphragm (Edi)25
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Mitigating VIDD

Mechanical ventilation
- NAVA

• Breath support is controlled by the patient’s 

needs/demands

• Promotes lung protective spontaneous breathing.

• Delivers ventilatory assist in proportion to and in 

synchrony with the patient’s Edi signal. 

• Promotes higher diaphragmatic efficiency and 

fewer periods of over- and under-assist.
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Mitigating VIDD

NAVA cont.

• One out of four intubated patients suffers from 

severe asynchrony, resulting in a longer stay26

• Study by Kacmarek et al. (2020) showed NAVA 

decreases duration of MV27
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Summary

Ø VIDD can occur quickly                

Ø Clinical data strongly supports the prevalence of diaphragm weakness in mechanically ventilated patients.

Ø Four forms of myotrauma: 

§ ventilator over-assistance

§ ventilator under-assistance

§ eccentric contractions

§ end-expiratory shortening

Ø Additional risk factors for VIDD

18 – 24hrs after mechanical ventilation is initiated

40% – 60% – 80%

Excess support

Insufficient support

P-V asynchrony

Unoptimized PEEP



Ventilator Induced Diaphragmatic Dysfunction (VIDD)

30 January 2023
MCV00106532 RevA                                                            Ventilator Induced Diaphragmatic Dysfunction (VIDD): Perpetuating Dependence on Mechanical Ventilation

Page 34

Summary

Employ strategies to mitigate VIDD

Ø Monitor and engage the diaphragm

Ø Optimize patient-ventilator synchrony

Ø Manage PEEP and sedation
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