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INTRODUCTION 

Muscle weakness and dysfunction are common problems encountered in patients 

hospitalized in the intensive care unit (ICU). Mechanical ventilation though life 

saving in critical illness is associated with numerous complications. Mechanical 

ventilation and the effect of respiratory muscle on the diaphragmatic unloading lead 

to ventilator - induced diaphragmatic dysfunction (VIDD). Vassilakopoulos and 

Petrof originally described the term “ventilator - induced diaphragmatic 

dysfunction” (VIDD). Atrophy of diaphragm forms a major part of VIDD. The 

decrease in diaphragmatic force occurs during controlled mechanical ventilation 

rather than during assisted modes of ventilation. It is common for post-operative 

patients to undergo elective ventilation for various reasons. Hence, in this study we 

have assessed the course of diaphragm atrophy in post-operative mechanically 

ventilation with the help of ultrasound during their stay in post anaesthesia care unit 

(PACU). 

 

 

 

 

 

 



 
 

Anatomy of Diaphragm 

The Diaphragm is the chief muscle of respiration. Though it separates the thoracic 

and abdominal cavities it gives passage to a number of structures passing in both 

directions. Since it develops in the region of the neck, it continues to be innervated 

by the same nerve despite its descent to a much lower level. 

During inspiration the central tendon is pulled by the contracting muscle fibres, so 

that inferior vena canal opening is enlarged helping in venous return to the heart. 

This venous blood is pumped to the lungs. The air also gets into the lungs during 

inspiration. So both the venous blood in the capillaries and air in the alveoli come 

close in the lung tissue separated by the lining of the alveoli. The exchange of gases 

takes place,CO2 is expelled in expiration & purified blood is returned to the left 

atrium.  

  

ANATOMY 

    The diaphragm is a dome shaped muscle forming the partition between the 

thoracic & abdominal cavities. It is the chief muscle for respiration. Muscle fibres 

form the periphery of the partition between the two cavities. They arise from the 

circumference of the thoracic outlet and are inserted into a central tendon. 

 

 



 
 

Embryology  

 - Septum transversum forms the central tendon 

 - Pleuroperitoneal membranes form the dorsal paired portion 

 - Lateral thoracic wall contributes to the circumferential portion of the diaphragm. 

 - Dorsal mesentry of oesophagus forms the dorsal unpaired portion 

 

Origin 

    The muscle fibres may be grouped into three parts  

             -Sternal part 

             -Costal part 

             -Lumbar part 

 

 The sternal part arises from the two fleshy slips from the back of xiphoid 

process.  

 

 The costal part arises from the inner surfaces of the cartilages and adjacent 

parts of the lower six ribs on each side, interdigitating with transverse 

abdominis muscle. 



 
 

 The lumbar part arises from the medial & lateral lumbosacral arches & from 

the lumbar vertebrae by right & left crura. 

 

 The medial lumbocostal arch or medial arcuate ligament is a tendinous arch 

in the fascia covering the upper part of the psoas major. Medially it is 

attached to the side of the body of L1 vertebra and is continuous with the 

lateral margin of the corresponding crus. Laterally it is attached to the front 

of the transverse process of L1 vertebra. 

 

 The lateral lumbocostal arch or lateral arcuate ligament is a tendinous arch in 

the fascia covering the upper part of the quadratus lumborum. It is attached to 

the front of the transverse process of L1 vertebra and laterally to the lower 

border of the 12
th

 rib. 

 

 

 The right crus is larger and stronger than the left crus, because it has to pull 

down the liver during each inspiration. It arises from the anterolateral 

structures of the bodies of the upper 3 lumbar vertibra and the intervening 

intervertebral discs. 

 



 
 

 The left crus arises from the corresponding parts of the upper two lumbar 

vertebra. The medial margins of the two crura form a tendinous arc across the 

front of the aorta, called the median arcuate ligament. 

 

Fig. 1. Anatomy of Diaphragm 

 

Muscle fibres: 

 From the circumferential origin described above. The fibres arch upwards and 

inwards to form the right and left domes. The right dome higher than the left 

dome. In full expiration it reaches the level of 4
th

 intercostal space. The left 

dome reaches the 5
th

 rib. The central tendon lies at the level of lower end of the 



 
 

sternum at 6
th

 costal cartilage. The downward concavity of the dome is occupied 

by the liver on the right side and by the fundus of the stomach on the left side. 

 The medial fibres of the right crus rich upwards and to the left and encircle the 

oesophagus. 

 In general, all fibres converge towards the central tendon for their insertion. 

 

Insertion  

      The central tendon of the diaphragm lies below the pericardium and is fused 

to the latter. The tendon is trilobar in shape, made up of three leaflets. The middle 

leaflet is triangular in shape with its apex directed towards the xiphoid process. The 

right & left leaflets are tongue shaped & curve laterally and backwards, the left 

being a little narrower than the right. The central area consists of four –well marked 

diagonal bands which fan out from a central point of decussation located in front of 

the opening for the oesophagus. 

 

Nerve supply  

Motor – Phrenic nerve (C3,C4,C5) 

Sensory – The phrenic nerves are sensory to the central part and the lower six 

thoracic nerves are sensory to the peripheral part of the diaphragm. 



 
 

 

Actions  

 Diaphragm is the chief muscle of inspiration. On contraction, the diaphragm 

descends increasing the vertical diameter of the thorax. The excursion of the 

diaphragm is about 1.5 cm during quiet breathing. In deep inspiration, it may 

be from 6 – 10 cm. 

 The diaphragm acts in all expulsive acts to give additional power to each 

effort. 

 The sphincteric action in lower end of oesophagus is due to the contraction 

of the intrinsic muscle in the lower 2 cm of the oesophagus. 

 

 

 

 

 

 

 

 



 
 

PHYSIOLOGY OF DIAPHRAGM 

 The geometrical complexity of chest wall and the respiratory 

muscle associated with chest wall make rigorous analysis of respiratory mechanics 

difficult. The rib cage, diaphragm, abdominal wall and lungs are characterized by 

nonlinear stress - strain which depend on muscle activity. Mechanical equilibrium 

determines the position, volumes, forces and pressures of the chest wall. Diaphragm 

is a dome shaped upward curved structure of muscle and fibrous tissue separating 

thoracic cavity from the abdomen. Diaphragm is attached to peripheral structures 

that make up the abdominal and chest wall. Peripheral part of diaphragm consists of 

muscular fibres originating from the circumference of the inferior thoracic opening 

and converge to insert into a central tendon. The area of contact between the 

diaphragm and the ribcage is referred to as the zone of apposition which is of great 

importance for proper functioning of diaphragm. The force of contraction of the 

zone of apposition is controlled by abdominal muscles and significantly affects 

diaphragm tension. Lower rib cage behaves during tidal breathing as if it is driven 

by trans-abdominal rather than trans-thoracic pressure. During inspiration, fibres of 

diaphragm muscle shorten there by moving diaphragm caudally in a piston-like 

fashion. Diaphragm muscle contraction lead to lowering of pleural pressure and 

increases abdominal pressure. The decrease in pleural pressure leads to inflationary 

effect on the lungs. Effect of increasing abdominal pressure tends to expand the rib 

cage. 



 
 

 

Fig. 2. Schematic view of the zone of apposition. Anatomical structures are magnified so 

that the anatomic relationship between the parietal pleura, the diaphragm, and the parietal 

peritoneum is highlighted. During inspiration, the diaphragm fibres shorten and the 

diaphragm as a whole moves caudally (1). As the diaphragm contracts, it lowers the 

pleural pressure and increases the abdominal pressure. The reduction in pleural pressure 

produces an inflationary effect on the lungs (2). The accompanying effects of increasing 

abdominal pressure tend to expand the rib cage (3). 

  

Respiratory muscle comprise not only diaphragm but also intercostal and accessory 

muscles as well as muscles of the abdomen. Inter costal muscles and the accessory 

muscles primarily serve inspiratory function which can be observed in the external 

intercostals in upper few intercostal spaces during quiet breathing with lower 

intercostals becoming active with increased ventilation. The abdominal respiratory 

muscles are regarded as expiratory muscles that augment the passive recoil of the 

lungs. 



 
 

 During spontaneous breathing, inspiratory pressure generated by 

respiratory muscles (Pmus) is dissipated to compel the elastic and resistive forces, 

which is described by the motion law. 

 Pvent = (RRS x V̇) + (ERS x V), where 

 RRS = Resistance of respiratory system 

 V̇  = Air flow 

 ERS = Respiratory system elastance 

 V  = Volume above FRC 

 During CMV, Pmus is equal to 0, inspiratory force is generated by 

ventilator (Pvent) only, as described by the equation 

 Pvent = (RRS x V̇) + (ERS x V) 

 

 

 

 

 



 
 

VENTILATOR INDUCED DIAPHRAGMATIC 

DYSFUNCTION 

  Controlled mode ventilation (CMV) is a ventilator mode in which the respiratory 

muscles do not contract and the ventilator causes inflation of the respiratory system. 

 The frequency with which CMV is used cannot be determined with certainity. An 

international survey revealed that 13% of mechanically ventilated patients received 

neuromuscular blockage for 8% of the total days of ventilator support. In these 

patients full ventilator support is mandatory. 

The use of neuromuscular blockers during the first 2 days of ventilator support 

improves survival of patients with severe acute respiratory distress syndrome – a 

finding that may lead to increased use of CMV. 

Other patients who do not receive neuromuscular blockers also receive full 

ventilator support such as traumatic brain injury, post operative neurosurgical 

patients, comatosed patients, patients with status epilepticus on Barbiturate coma to 

suppress seizure activity. 

 

 

 



 
 

 

Evidence for ventilator – induced diaphragm dysfunction  

    The first human evidence for the existence of VIDD came from retrospective 

analysis of postmortem data obtained in neonates who received ventilator assistance 

for 12 days or more immediately before death.  

This study revealed diffuse diaphragmatic myofibre atrophy (Small myofibres 

with rounded outlines), not present in extra diaphragmatic muscles or diaphragm of 

infants ventilated for 7 days or less. 

 

Components of Ventilator – Induced Diaphragm Dysfunction 

- Atrophy 

- Oxidative stress 

- Structural injury 

- Diaphragmatic force and endurance 

- Drugs and Ventilator induced 

 

 

 



 
 

 

Atrophy 

 Ventilator – induced atrophy is usually measured by the reduction of 

the cross – sectional area of myocytes in histologic sections. 

 Atrophy has been observed in both slow- twitch & fast – twitch 

human diaphragmatic fibres and is quite significant. Its magnitude amounting to 40% 

to 50% after quite variable periods of CMV (range : 15 to 276 hrs). 

 Atrophy preferentially affects the diaphragm because it was not 

observed in the pectoralis major muscle of the same patient. The longer the duration 

of CMV, the greater the observed atrophy. 

 Animal studies also suggest that atrophy is more pronounced in the 

diaphragm, which atrophies earlier than peripheral skeletal muscles, which are also 

inactive during CMV. 

 

Two days of CMV + PEEP(2CMH2O) – induced atrophy in rabbits. 

Three days of CMV without PEEP – inadequate to induce atrophy 

This indicates rapidity of atrophy development might be augmented with use of 

PEEP. 



 
 

Atrophy can result from decreased protein synthesis or increased proteolysis or 

both. 

24hrs of CMV suppressed the messenger RNA levels of insulin – like growth 

factor-1, which stimulates proteins synthesis. Thus CMV decreases protein 

synthesis in the diaphragm. 

Increased proteolysis has been documented in diaphragmatic strips of animals 

subjected to 18hrs of CMV. 

Mammalian cells have four different protein systems and organelles for proteolysis. 

 The Calpains 

 The Caspases 

 The Proteosome 

 The autophagy- lysosomal system. 

All are activated in the diaphragm after CMV. 

 

Calpains: 

Calpains which are activated after CMV, do not fully degrade, but only partially 

cleave proteins in vivo. This renders the proteins amenable to the proteasome. 



 
 

Stimulus for the activation of calpains is not known. The decreased mRNA 

levels of sarcoplasmic reticulum calcium adenosine triphosphatase (ATPase – the 

enzyme that removes calcium from sarcoplasm), Secondary to 24 hrs of CMV in 

animal models may contribute to calpain activation. 

 

Caspases: 

Caspases are proteases that can degrade proteins and especially complexes of 

actin and myosin and release them from myofibrillar lattice. 

Upregulation of caspase – 3 expression has been documented in the diaphragm 

secondary to CMV in both human and animal models of VIDD. 

  

Caspases are activated by  

- Oxidative stress 

- Increased intracellular calcium 

- Increased calpain activity 

In animal models of VIDD, reduction in cytoplasmic content (Atrophy) was 

observed in the presence of decreased number of myonuclei. 



 
 

This decrease in myonuclear content was mediated by a caspase – 3 dependent 

increase in apoptosis, which was evident as early as 6hrs after the onset of CMV. 

Both the apoptosis and the atrophy were attenuated with caspase – 3 inhibition. 

 

CMV in Human diaphragm: 

Increased caspase 9 (not caspare 8) and elevated Bcl2 – interacting mediator of 

cell death(Bim) but not Fas or Fas ligand, suggest that the intrinsic (mitochondrial), 

rather than extrinsic apoptotic pathway, is the primary pathway that operates in 

CMV – induced apoptosis resulting in caspase 3 activation and nuclear DNA 

fragmentation. 

Oxidative stress is a potential proximal activator of all the pathways that have 

been implicated in VIDD. 

 

Autophagy – lysosome pathway: 

Autophagy is a catabolic pathway characterized by the formation of vesicles 

(autophagosomes) that engulf cytoplasmic organelles and proteins, which then fuse 

with lysosomes that degrade their contents. 



 
 

This process is a major mechanism for degrading long – lived proteins and 

organelles. It occurs at low basal levels to perform homeostatic functions but can 

rapidly upregulated when cells need to generate energy. This is associated with 

upregulation of the transcription factor FOXO-1. 

 

Proteasome: 

Proteasome is a multi-subunit, multi catalytic complex that exists in two major 

forms. 

The core 20s proteasome can be free or bound to a pair of 19s regulators to 

form the 26s proteasome (in an ATP – dependent manner) – degrades proteins 

covalently bound to a poly ubiquitin protein chain. 

The binding of ubiquitin to protein substrates requires the ubiquitin – activating 

enzyme and finally transfer of this ubiquitin to the protein to be degraded via a 

ubiquitin ligase. 

CMV increases the level of ubiquitin protein conjugates in the diaphragm 

which are the substrates of the 26s proteasome. 

Key enzymes involved in the function of ubiquitin- proteasome pathway are 

upregulated in the human diaphragm after CMV, such as the skeletal muscle 



 
 

specific ubiquitin ligases (E3 enzymes), muscle atrophy F box (MAFBX | 

Afrogen-1) and muscle ring finger-1 (MURFI) and E2 conjugases UBC2 & UBC4 

 

Oxidative Stress: 

CMV is associated with augmented oxidative stress in the human diaphragm, as 

evidenced by the rise in protein oxidation (elevated 4-hydroxy – 2-Nonenal[HNE] – 

protein adduct formation & protein carboxylation as well as increased levels of 

superoxides documented by dihydroethidium staining. 

Animal studies of VIDD have also documented other indices of oxidative stress 

such as 

 Lipid peroxidation (Elevated 8 – isoprostane, total 

lipid hydroperoxides & thiobarbituric reactive 

substance content). 

 Increased emissions of dichloro fluorescein 

Onset is rapid, occurring within 6 hrs after the institution of CMV and is long 

lasting, being present after 3 days after CMV. 

 

 



 
 

Mechanisms 

- Remains elusive 

- The mRNA levels of both nuclear – encoded cytochrome C 

oxidase IV and the mitochondria – encoded cytochrome C 

oxidases I, II, III are reduced in the diaphragm after CMV. 

 These observations indicate the presence of a functional impairment 

of the coupling between electron donors and acceptors as well as mitochondrial 

energy production and to point to the mitochondria as potential sources of oxidative 

– stress generation is VIDD. 

 The initial oxidative stress may result from the sudden change in the 

functional status of the diaphragm as it switches from continuous, intermittent 

contraction to passive rest (in CMV). 

 Because non-contracting muscle fibres do not require major 

mitochondrial energy production, this altered functional status may place a brake on 

normal mitochondrial function. This may in turn cause mitochondrial reactive 

oxygen species accumulation and eventual leak. 

 

 

 



 
 

Response of anti-oxidant enzymes in the diaphragm. 

- Mitochondria – resident anti-oxidant gene, superoxide dismutase – 

2 (SOD -2), is significantly induced in the human diaphragm after 

CMV whereas cytosolic superoxide dismutase-1 (SOD1) is not. 

- Oxidative stress can modify proteins involved in energetics, 

excitation- contraction coupling, intracellular calcium regulation 

and force generation. 

- Diaphragmatic protein oxidation was evident in proteins with 

molecular masses of about 40 and 200KDa. These findings raise 

the possibility that actin (40KDa) and myosin (200KDa) undergo 

oxidative modification during CMV. 

Structural Injury: 

 CMV leads to a significant increase in the prevalence of 

ultra-structural abnormalities in the human diaphragm. It includes disruption of the 

normal myofibrillar organization with enlarge spaces containing disorganized 

sarcomeric material. Longer the duration greater the injury. 

 The mechanism of injury have not been elucidated but may involve 

activation of calpains, which have the ability to degrade several sarcomeric proteins 

and direct cellular injury secondary to augmented oxidative stress. 

 



 
 

Assessment of respiratory muscle function and strength: 

 Respiratory muscle function can be assessed by the following method: 

- Clinical assessment 

- Imaging 

- Airway pressure and flow 

- Esophageal and trans-diaphragmatic pressure 

- Electrical activity of diagram 

- Bedside ultrasonography 

Of these, airway pressure and flow, esophageal and trans-diaphragmatic pressure, 

electrical activity of diaphragm, bedside ultrasonography are useful for assessing 

diaphragmatic dysfunction in mechanically ventilated patients whereas clinical 

assessment and imaging are not useful for patients on mechanical ventilation. 

Bedside ultrasonography 

 Ultrasound application allows noninvasive visualization of tissue structures. 

Real-time ultrasound images are integrated images resulting from reflection of 

organ surfaces and scattering within heterogeneous tissues. Although the physics 

behind ultrasound generation, propagation, detection and transformation into 

practical information is rather complex, its clinical application is much simpler. 

  



 
 

Definition of Ultrasound 

 Sound travels as a mechanical longitudinal wave in which back-and-forth 

particle motion is parallel to the direction in which the wave travels. Ultrasound is 

high frequency sound and refers to mechanical vibrations above 20 KHz. 

Ultrasound frequencies commonly used for medical diagnosis are between 2 MHz 

and 15 MHz. 

Principle 

 Ultrasound works on the phenomenon of piezoelectric effect, which is exhibited 

by generation of an electric charge in response to a mechanical force (Squeeze or 

Stretch) applied on certain materials. Quartz crystal and ceramic materials can 

demonstrate piezoelectric properties. Recently, lead zirconate titanate has been in 

use as piezoelectric material for medical imaging. Individual piezoelectric materials 

produce a small amount of energy. By sticking piezoelectric elements into layers in 

a transducer, the transducer can convert electric energy into mechanical oscillations 

more efficiently. These mechanical oscillations are then converted into electric 

energy. 

 



 
 

 

 

Fig. 3. The piezoelectric effect 

 

Ultrasound image modes 

A-mode 

 A-mode is the oldest ultrasound modality in which transducer sends a single 

pulse of ultrasound into the medium and waits for the returned signal. Consequently 

a simple one-dimensional ultrasound image is generated as a series of vertical peaks 

corresponding to the depth of the structures at which the ultrasound beam 

encounters different tissues. This mode provides little information on the spatial 

relationships of the imaged structures. 



 
 

 

Fig. 4. The A-mode of ultrasound consists of a one-dimensional ultrasound image. 

B-mode 

 The B-mode provides a two-dimensional image of the area by simultaneously 

scanning from a linear array of 100-300 piezoelectric elements rather than a single 

one. The amplitude of the echo from a series of A-scans converted into dots of 

different brightness in B-mode imaging. The horizontal and vertical dimensions 

represent real distances in tissue, whereas the intensity of the gray scale indicates 

echo strength. B-mode can provide a cross sectional area through the area of 

interest and is the primary mode currently used. 



 
 

 

Fig. 5. The B-mode transducer incorporates numeric piezoelectric elements that are 

electrically connected in parallel. 

 

Fig. 6: An example of B-mode imaging. The horizontal and vertical directions represent 

distances and tissues, whereas the intensity of the grayscale indicates echo strength. 

Doppler mode 

 The change in the frequency or wavelength of a sound wave resulting from 

relative motion between the sound source and the sound receiver. If the sound 



 
 

source moves towards the sound receiver, a higher pitched sound occurs. If the 

sound source moves away from the receivers, the received sound has a lower pitch. 

 Color Doppler produces a color-coded map of Doppler shift super imposed onto 

a B-mode ultrasound image. Red color denotes the flow coming towards the 

ultrasound probe and blue color indicates the flow away from the probe. Power 

Doppler can be used to identify the smaller blood vessels more reliably. Drawback 

its that Doppler does not provide any information on the direction and speed of 

blood flow. 

 

Fig. 7. Color Doppler mode is used to detect the direction of the blood vessel. 

 

 

 



 
 

M-mode 

 A single beam in an ultrasound can be used to produce a picture with a motion 

signal, where movement of structure such as heart valve can be depicted in a wave 

like manner. 

 

Fig. 8. M-mode consists of a single beam used to produce an image with a motion signal. 

Movement of a structure can be depicted in a wavelike matter. 

 

Ultrasound instruments 

 Ultrasound machines convert the echoes received by the transducer into visible 

dots, which form the anatomic image on ultrasound screen. The brightness of each 

dot corresponding to the echo strength producing a gray scale. 



 
 

 

Fig. 9. Rectangular scan field given by linear transducer. B: Arc-shaped scan field 

given by curved transducer. 

 

 

Fig. 10. A: A linear transducer produces parallel scan lines and a rectangular display; 

linear scan. B: A curved “phase array” transducer results in a curvilinear scan and 

an arch-shaped image. 

 

 



 
 

Two types of scan transducer are used: Linear and curved 

A linear transducer produces parallel scan lines and rectangular display, called a 

linear scan whereas a curved transducer yield a curvilinear scan and arc-shaped 

image. 

In a clinical scanning, even a very thin layer of air between the transducer and skin 

may reflect virtually all the ultrasound, hindering penetration into the tissue. 

Therefore, a coupling medium, usually an aqueous gel is applied between surfaces 

of the transducer and skin to eliminate the air layer. 

 

 

 

 

 

 



 
 

 

 

 

 

 

REVIEW 

OF 

LITERATURE 

 

 

 

 



 
 

REVIEW OF LITERATURE 

Di Nino et al 
[1]

 performed a prospective study on 63 mechanical ventilated 

patients. The purpose of their study was to evaluate if ultrasound derived measures of 

diaphragm thickening, rather than diaphragm motion, can be used to predict 

extubation success or failure. They recorded diaphragm thickness (tdi) in the zone of 

apposition of the diaphragm to the rib cage using 7 – 10 MHz ultrasound transducer. 

The percentage change and diaphragmatic thickness between end- expiration and 

end-inspiration (Delta tdi %) was obtained during either spontaneous breathing (SB) 

or pressure support (PS) weaning trails. The results obtained were a combined 

sensitivity and specificity of Delta tdi % ≥ 30% for successful extubation was 88% 

and 71% respectively. The positive predictive va,ue of 91% and negative value of 

63% were obtained. They concluded that ultrasound measures of diaphragm 

thickening may be useful to predict successful extubation or failure. 

 

Goligher et al 
[2]

 performed a study in 96 mechanical ventilated patients. The 

purpose of their study is to establish ultrasound measurements of diaphragm 

thickness (Tdi) and thickening (TFdi) are useful to monitor diaphragm activity and 

detect diaphragm atrophy in mechanically ventilated patients. Diaphargmatic 

thickening was measured at peak and end-inspiration. Positive correlation existed 

between TFdi and diaphragm electrical activity. At inspiratory volumes, below 50% 

of inspiratory capacity passive inflation did not cause diaphragm thickening. TFdi 



 
 

was lower in patients on either partially assisted or controlled ventilation. They 

concluded that this technique can be reliably employed to monitor diaphragm 

thickness, diaphragmatic activity and function during mechanical ventilation. 

 

Grosu et al
 [3]

 did an observational study on 7 intubation patients who were on 

mechanical ventilation. They randomly selected 7 newly intubated patients and serial 

ultrasonographic measurements of diaphragmatic thickness were recorded everyday 

from day 1 of intubation, till extubation of the patient or tracheostomy or died. 

Diaphragm thickness was performed by USG using 7.5 to 10.0 MHz transducer 

probe in two dimensional B-mode. Images were obtained at end expiration, at regular 

intervals. All patients were receiving ventilation assistance at the time of 

measurements and maintained on same tidal volume and PEEP levels during the 

study. They concluded that diaphragm muscle thinning starts within 48hours after 

initiation of mechanical ventilation. The diaphragm thickness decreased for each 

patient over time. The overall rate of decrease in the diaphragm thickness of all 

patients over time on an average of 6% per day of mechanical ventilation. 

 

 Hermans et al 
[4] 

did a prospective observational study in 10 critically ill and 

mechanically ventilated patients. They measured twitch trans diaphragmatic pressure 

(TwPdi) using bilateral anterior magnetic phrenic nerve stimulation. Individual 



 
 

abdominal and oesophageal pressure signals were taken for analysis timing at end 

expiration. They measured TwPdi on different occasions with a minimum time 

interval of 24 hours. The mean value of TwPdi was 11.5 ± 3.9 cm of H2O which 

indicates severe respiratory muscle weakness when compared to the values in 

healthy volunteers ranging from 28 to 38 cm of H2O. They also evaluated the realtion 

between TwPdi obtained and duration of mechanical ventilation at the time of 

measurement. They suggested that increased duration of mechanical ventilation is 

associated with decreased diaphragmatic force. They found a logarithmic relation 

between TwPdi and time on BIPAP/assist mode of mechanical ventilation. Though it 

is a non-volitional method of measuring diaphragmatic force, the technique is highly 

sophisticated. They concluded that there was a logarithmic decline of TwPdi with 

increased duration of mechanical ventilation. 

 

Jaber S et al 
[5] 

performed a prospective study on 25 subjects. Their aim is to 

determine the time course of development of weakness of diaphragm during 

mechanical ventilation. They also studied the relationship between duration of 

mechanical ventilation and diaphragmatic injury or atrophy and the status of 

candidate cellular pathways. Airway occlusion pressure (TwPtr) generated by 

diaphragm during phrenic nerve stimulation was measured in short-term and 

long-term mechanical ventilated groups. Biopsy specimen of diaphragm obtained 

during thoracic surgery who were on mechanical ventilation for 2 - 3 hours and brain 



 
 

dead organ donors who were on mechanical ventilation for 24 – 249 hours were 

analyzed for ultrastructural injury, atrophy and expression of proteolysis – related 

proteins. There was a decrease in TwPtr progressively during mechanical ventilation, 

with mean reduction of 32 ±6% after 6 days. They also observed that layer the 

periods of mechanical ventilation greater the ultrastructural fibre injury, decreased 

cross-sectional area of muscle finres, increase in ubiquitinated proteins and increased 

levels of calpain-1,2 and 3 in the diaphragm. They concluded that diaphragmatic 

weakness, injury and atrophy occur rapidly in patients during mechanical ventilation. 

 

Levine et al
 [6]

 did a case control study in which case subjects were 14 brain dead 

organ donors and 8 patients who underwent surgery for lung cancer were control 

subjects. Biopsy specimens from the costal diaphragms of cases and control were 

obtained. Case subjects underwent diaphragmatic inactivity and were put on 

mechanical ventilation for 18 to 69 hours. Whereas, control subjectd underwent 

diaphragmatic inactivity and were on mechanical ventilation for a limited period of 2 

to 3 hours. They carried out histologic, biochemical and gene – expression studies on 

these specimens. While comparing diaphragm biopsy specimens from cases and 

control, specimens from case subjects showed decreased cross sectional area of 

slow-twitch and fast-twitch fibres of 57% (P=0.001) and 53% (P=0.01), decreased 

glutathione concentration of 23% (P=0.01), increased active caspase-3 expression of 

100% (P=0.05), a 200% higher ratio of atrogin-1 messenger RNA (mRNA) 



 
 

transcripts to MBD4 (a housekeeping gene) (P=0.002), and a 590% higher ratio of 

MuRF-1 mRNA transcripts to MBD4 (P=0.001). They concluded that a combination 

of 18 to 69 hrs of complete diaphragmatic inactivity and mechanical ventilation 

resulted in marked atrophy of diaphragm myofibres. Their findings are consistent 

with increased diaphragmatic proteolysis during inactivity.  

 

Schepens et al 
[7]  

performed an observational cohort study, which included 56 

newly intubated patients in whom baseline thickness of diaphragm measured within 

24 hourss after initiation of mechanical ventilation. Further measurings were done 

everyday within 24 ± 4 hours time frame.  The right hemi diaphragm was measured 

daily at the zone of apposition on the midaxillary line.In view of good reproducibility 

and repeatability, right hemi-diaphragm thickness was recorded.Recordings were 

discontinued at the moment of unassisted spontaneous ventilation, tracheostomy , 

extubation or when the subject died.They obtained a mean baseline thickness of 1.9 

mm and the mean nadir was 1.3 mm , with a mean change in thickness of 32%. They 

concluded that the length of mechanical ventilation , was associated with the degree 

of diaphragm atrophy.The largest decrease in thickness occurred during the first 72 

hours of mechanical ventilation.   
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AIMS & OBJECTIVES 

To assess the course of diaphragm atrophy in mechanically ventilated 

post-operative patients by measuring the diaphragmatic thickness using ultrasound 

 

PRIMARY OUTCOME MEASURES 

Effects of mechanical ventilation on diaphragm  

 

SECONDARY OUTCOME MEASURES 

 Degree of diaphragm atrophy in association with length of mechanical 

ventilation 

 Course of diaphragm atrophy  

 Mode of mechanical ventilation – impact on diaphragm atrophy 
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Materials & Methods 

 We included 50 patients ASA PS I,II,III underwent elective surgery. 

 We included 18 to 65 years age group patients 

 This is a prospective observational study 

 We conducted this study after approval by our institution ethical committee 

and after obtaining written informed consent from the patient 

 We conducted the study from October 2018 to December 2018 

 

Inclusion Criteria: 

1. Age 18 – 65 years of  either  sex 

2. ASA PS I ,II,III 

3. Elective  surgery 

4. Newly intubated patients 

5. Who have given valid informed consent. 

 

Exclusion Criteria: 

1. Age < 18 years 

2. H/O Neuromuscular disease or known  anatomical malformation of dia

phragm 

3. Use of non-invasive ventilation before  start of mechanical ventilation 

4. Hemodynamic instability 



 
 

5. Presence of tracheostomy 

6. H/O Mechanical ventilation < 12 months prior to this episode 

7. Patients with severe cardiovascular, respiratory, renal, hepatic diseases. 

 

Sample size:  

Based on previous studies, with 10% precision at 5% level of significance, the 

sample size is calculated as  

  n = z
2
 x p x q / d

2 

  
 = (1.96)

2
 [p (1-p)] / d

2
 

   = (1.96)
2
 [15 x 85] / (10)

2 

     = 49 

Hence, we took the sample size as 50. 

 

Materials: 

 Mechanical ventilator 

 Monitors –,ECG, NIBP, SPO2 

 Ultrasound 

 Aqueous gel 



 
 

Ultrasonographic measurement of diaphragm thickness 

 The right hemidiaphragm is visualized in the zone of apposition diaphragm to 

the rib cage by placing the probe in the mid-axillary line, between the 8
th

 and 10
th

 

intercostal space as a 3 layered structure consisting of pleural and peritoneal 

membranes and the hypoechogenic layer of muscle itself. This site is ideal for 

ultrasonographic visualization, as the diaphragm is bounded by soft tissue on either 

side and lies parallel to the skin surface and therefore, the transducer face. 

 

B-mode 

A 7.5 – 10 MHz linear probe is used. By placing the probe in between 8
th

 and 

10
th

 intercostal space, the inferior edge of the costophrenic angle is identified by the 

transient appearance of the lung artifact with breathing. Thickness can be measured 

both during tidal breathing and during a maximal inspiratory effort. 

Fig. 11. Ultrasonographic view of the normal diaphragm in the zone of apposition,with 

B-mode. B: Anatomical structures visualized in B-mode. 



 
 

M-mode 

The placement of probe is in the same position as for B-mode. Diaphragm 

thickness is recorded at end of expiration and peak inspiration as the distance 

between diaphragmatic pleura and peritoneum using M-mode.

 

Fig. 12. C: Anatomical structures that can be identified in M-mode scanning. 

Methodology of Study 

This study was conducted at Institute of Anesthesiology and critical care, 

Madras Medical College, Chennai between October 2018 to December 2018. The 

aim of my study is to assess the course of diaphragm atrophy using ultrasound in 

post-operative mechanically ventilated patients. A sample of 50 post-operative 

patients were taken as study subjects. Diaphragm thickness of these patients were 

measured with ultrasound using B-mode immediately after receiving in the post 

Anesthesia Care Unit and once in every 12 hours  to assess the course of 

diaphragm atrophy till extubation. The still images of diaphragm visualized 

ultrasonographically in B-mode and position of „caliper‟ markers are recorded and 

verified by an experienced radiologist. Standard ICU monitoring of the subjects 

done at regular intervals. 



 
 

METHODOLOGY 

ETHICAL COMMITTEE APPROVAL 

PATIENT SATISFYING INCLUSION CRITERIA 

INFORMED CONSENT FROM I st DEGREE RELATIVES 

RECEIVING PATIENT IN PACU 

PATIENT CONNECTED TO MECHANICAL VENTILATOR VC-ACMV 

MONITORS ATTACHED 

HR, BP, SPO2, ECG RECORDED 

MEASUREMENT OF DIAPHRAGMATIC THICKNESS WITH USG                                                            

(Immediate Post-Operative Period And 12
th

 Hourly) 

 

VITALS MONITORING 

EXTUBATION 

DATA COMPILATION 

STATASTICAL ANAYLSIS 

CONCLUSION 
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RESULTS 

 

Table 1: Age distribution of the study population (n=50) 

 

Age group Frequency (n) Percent (%) 

<20 years 4 8.0 

21 to 30 years 9 18.0 

31 to 40 years 5 10.0 

41 to 50 years 19 38.0 

51 to 60 years 11 22.0 

>60 years 2 4.0 

Total 50 100.0 

 

Mean age: 42.2 years    S.D: 13.57 years 

Minimum: 18 years    Maximum: 68 years 

 

 

 



 
 

 

Fig. 13. Age distribution of the study population (n=50) 

 

Comments: Majority (38%) were in the 41 to 50 years 

age-group, while 36% were below 40 years and 26% were 

above 50 years. 
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Table 2: Gender distribution of the study population (n=50) 

 

Gender Frequency (n) Percent (%) 

Male 32 64.0 

Female 18 36.0 

Total 50 100.0 

Comments: Majority (64%) were males while remaining 36% 

were female subjects. 

Fig. 14. Gender distribution of the study population (n=50) 



 
 

 

Table 3: Distribution of the study population according to duration of 

mechanical ventilation needed (n=50) 

 

Duration of mechanical 

ventilation 
Frequency (n) Percent (%) 

48 hours 3 6.0 

60 hours 18 36.0 

72 hours 29 58.0 

Total 50 100.0 

Male, 
64% 

Female, 
36% 



 
 

 

Comments: More than half (58%) needed mechanical 

ventilation for 72 hours while 36% needed mechanical 

ventilation for 60 hours. 

 

 

 

 

Fig.15. Distribution of the study population according to duration of 

mechanical ventilation needed (n=50) 

 



 
 

 

 

 

 

 

 

Table 4: Distribution of the study population according to diaphragmatic 

thickness (DT) during various post-operative time points under 

ventilation 

6% 
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Repeated measures ANOVA was done to analyse the change in 

diaphragmatic thickness during various post-operative time points 

under mechanical ventilation. 

 

 

Only 29 subjects who needed mechanical ventilation till 72 hours 

were analysed. 

Time  N 
Mean DT 

(mm) 

Standard 

Deviation 
Minimum Maximum 

Immediate 

Post- Op 
50 1.69 0.24 1.38 2.42 

12 hours 50 1.67 0.24 1.33 2.42 

24 hours 50 1.59 0.24 1.20 2.42 

36 hours 50 1.51 0.24 1.15 2.42 

48 hours 50 1.46 0.25 1.15 2.42 

60 hours 47 1.44 0.27 1.05 2.42 

72 hours 29 1.39 0.29 1.05 2.42 



 
 

 

This fall in diaphragmatic thickness observed over time was 

analysed for statistical significance. 

Wilk‟s Lambda F statistic 18.654 

Degree of freedom 6,23 

p value <0.001 

Bonferroni Post-hoc comparison 

Time  N 
Mean DT 

In mm 

Standard 

Deviation 

Immediate Post-op 29 1.67 0.22 

12 hours 29 1.65 0.23 

24  hours 29 1.57 0.23 

36 hours 29 1.47 0.24 

48 hours 29 1.43 0.26 

60 hours 29 1.40 0.28 

72 hours 29 1.39 0.29 



 
 

Group comparison 

Mean fall in 

diaphragmatic 

thickness  (mm) 

p value 

Post-op 0 hours Vs. 12 hours .021 0.075 

Post-op 0 hours Vs. 24 hours .099 <0.001 

Post-op 0 hours Vs. 36 hours .204 <0.001 

Post-op 0 hours Vs. 48 hours .244 <0.001 

Post-op 0 hours Vs. 60 hours .273 <0.001 

Post-op 0 hours Vs. 72 hours .281 <0.001 

Comments:  

1. Repeated measures ANOVA test showed that the fall in 

diaphragmatic thickness observed over time at various 

post-operative time points under mechanical ventilation 

was statistically significant. 

2. Post-Hoc tests revealed that a statistically significant fall 

in diaphragmatic thickness happens after 24 hours of 

mechanical ventilation in the post-operative period. 

 



 
 

Fig. 16. Diaphragmatic thickness (DT) during various post-operative 

time points under ventilation 

 

 

 

 

 

 



 
 

Table 5: Distribution of the study population according to diaphragmatic 

thickness (DT) in percentage during various post-operative time points 

under ventilation 

 

Repeated measures ANOVA was done to analyse the change in 

diaphragmatic thickness as percentage at various time points after 

mechanical ventilation. 

 

Time  N 
Mean DT 

(in %) 

Standard 

Deviation 
Minimum Maximum 

Immediate 

Post- Op 
50 100 0 100 100 

12 hours 50 98.7 2.4 91.0 100.0 

24  hours 50 94.0 3.6 83.7 100.0 

36 hours 50 89.2 5.7 75.9 100.0 

48 hours 50 86.6 7.1 70.7 100.0 

60 hours 47 84.8 8.2 69.5 101.1 

72 hours 29 82.8 8.9 69.5 101.1 



 
 

Fig.17. Diaphragmatic thickness (DT) as percentage from baseline 

during various post-operative time points under ventilation 
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Only 29 subjects who needed mechanical ventilation till 72 hours 

were analysed. 

 

 

 

 

 

 

 

 

Time  N 
Mean DT % 

from baseline 

Standard 

Deviation 

Immediate Post-op 29 100 % 0 

12 hours 29 98.7 % 2.2 

24  hours 29 94.0 % 3.5 

36 hours 29 87.7 % 6.1 

48 hours 29 85.2 % 7.0 

60 hours 29 83.3 % 8.4 

72 hours 29 82.8 % 8.9 



 
 

 

The diaphragmatic thickness in percentage was converted into 

percentage of fall in DT from baseline value as follows: 

 

Repeated measures ANOVA was done to analyse the fall in 

diaphragmatic thickness as percentage from baseline at various time 

points after mechanical ventilation. 

Only 29 subjects who needed mechanical ventilation till 72 hours 

Time  N 

Mean fall in 

DT % from 

baseline 

S.D Minimum Maximum 

Immediate 

Post- Op 
50 0 % 0 100 100 

12 hours 50 1.33 % 2.39 .00 9.04 

24  hours 50 6.05 % 3.61 .00 16.27 

36 hours 50 10.85 % 5.74 .00 24.05 

48 hours 50 13.40 % 7.06 .00 29.27 

60 hours 47 15.19 % 8.17 -1.10 30.49 

72 hours 29 17.23 % 8.94 -1.10 30.49 



 
 

were analysed. 

Time  N 
Mean DT % 

from baseline 

Standard 

Deviation 

Immediate Post-op 29 0 % 0 

12 hours 29 1.3 % 2.2 

24  hours 29 6.0 % 3.5 

36 hours 29 12.3 % 6.1 

48 hours 29 14.8 % 7.0 

60 hours 29 16.7 % 8.4 

72 hours 29 17.2 % 8.9 

 

This mean fall in diaphragmatic thickness in % observed over time 

was analysed for statistical significance. 

 

Wilk‟s Lambda F statistic 19.991 

Degree of freedom 5,24 

p value <0.001 

 



 
 

Fig. 18. Percentage fall in DT from baseline value 

 

Comments:  

1. Repeated measures ANOVA test showed that the fall in 

diaphragmatic thickness as percentage observed over time 

at various post-operative time points under mechanical 

ventilation was statistically significant. 



 
 

2. There was a fall in DT thickness of 13.4 % from baseline 

after 48 hours including 50 subjects and fall in DT 

thickness was 17.2% from baseline after 72 hours 

including 29 subjects. 

 

3. The percentage of fall in DT from baseline was 1.33 % at 

12 hours, 6.05 % at 24 hours, 10.85 % at 36 hours, 13.40 

% at 48 hours, 15.19 % at 60 hours and 17.23 % at 72 

hours. 

 

 

4. Hence the fall in DT thickness from baseline crosses 10% 

at 36 hours and is maximum at 72 hours. 

 

 

 

 

 

 

 



 
 

Table 6: Distribution of the study population according to mean nadir 

diaphragmatic thickness (n=49) 

One patient did not have any change in diaphragmatic thickness 

(DT) over 72 hours of observation and hence excluded from 

analysis. 

 

 

 

Nadir time N % 

Mean 

DT 

(mm) 

Standard 

Deviation 

95% confidence interval 

Lower 

bound 

Upper 

bound 

24  hours 6 12.2 1.52 0.10 1.41 1.63 

36 hours 11 22.4 1.46 0.29 1.26 1.65 

48 hours 9 18.4 1.46 0.16 1.33 1.59 

60 hours 17 34.7 1.38 0.21 1.28 1.49 

72 hours 6 12.2 1.17 0.16 1.01 1.34 

Total 49 100 1.40 0.22 1.34 1.47 



 
 

One-way ANOVA was done to analyse the mean nadir 

diaphragmatic thickness between 5 groups based on time of 

reaching nadir. 

F statistic 2.722 

Degree of freedom 4 

p value 0.041 

 

The nadir thickness values were converted into percentage of fall in 

DT from baseline value as follows: 

Nadir time N 
Mean fall of 

DT in % 

Standard 

Deviation 

in % 

95% confidence interval 

Lower bound Upper bound 

24  hours 6 5.0 % 3.4 1.5 8.6 

36 hours 11 15.8% 3.8 13.2 18.4 

48 hours 9 13.6% 7.3 8.0 19.3 

60 hours 17 18.4% 7.5 14.6 22.3 

72 hours 6 25.0% 5.8 18.8 31.1 

Total 49 16.1% 8.0 13.8 18.4 



 
 

One-way ANOVA was done to analyse the mean fall of 

diaphragmatic thickness in percentage between 5 groups based on 

time of reaching nadir. 

 

F statistic 8.767 

Degree of freedom 4 

p value <0.001 

 

 

 

 

 

 

 

 

 

 



 
 

Bonferroni Post-hoc comparison 

Groups based on time of 

reaching nadir 

(A Vs. B) 

Mean difference in 

percentage fall in 

DT (A - B, in %) 

p value 

24 hours Vs. 36 hours -10.8 0.014 

24 hours Vs. 48 hours -8.6 0.118 

24 hours Vs. 60 hours -13.4 <0.001 

24 hours Vs. 72 hours -19.9 <0.001 

36 hours Vs. 48 hours 2.2 1.000 

36 hours Vs. 60 hours -2.6 1.000 

36 hours Vs. 72 hours -9.1 0.058 

48 hours Vs. 60 hours -4.8 0.676 

48 hours Vs. 72 hours -11.3 0.012 

60 hours Vs. 72 hours -6.5  0.325 

 

 

 



 
 

Comments: 

 About 35% reached had nadir (lowest diaphragmatic 

thickness) at 60 hours while 22% and 18% had nadir at 36 

hours and 48 hours, respectively. 

 12.2% of subjects had greatest fall in diaphragmatic thickness 

(nadir) after 24 hours and the same 12.2% of subjects had 

nadir at 72 hours. 

 The mean nadir thickness was 1.40mm in comparison to mean 

baseline thickness of 1.69mm. 

 As the time of mechanical ventilation increased, the mean 

nadir DT also decreased. The baseline thickness of 1.69mm 

fell to a mean nadir DT of 1.52mm in 24 hours, 1.46mm at 36 

and 48 hours, 1.38mm at 60 hours, and 1.17mm after 72 

hours. Hence the association between length of mechanical 

ventilation and mean nadir diaphragmatic thickness was 

statistically significant. 

 There was a mean of 16.1% fall in DT from baseline across all 

subjects. 

 The percentage of fall in DT from baseline was 5.0 % when 

nadir was reached in 24 hours, 15.8% at 36 hours, 13.6% at 48 

hours, 18.4% at 60 hours and 25% at 72 hours. This difference 

in percentage fall of DT from baseline across various groups 



 
 

based on time of reaching nadir was statistically significant 

with subjects reaching nadir at 72 hours having greater fall 

percentage of DT from baseline. 

 Post-hoc tests revealed that comparison of difference in 

percentage fall of DT between 24 hours Vs. 36 hours, 24 

hours Vs. 60 hours, 24 hours Vs. 72 hours and 48 hours Vs. 

72 hours was statistically significant indicating that grater fall 

in DT happens at 60 hours and 72 hours. 

 

 



 
 

Fig. 19. Distribution according to time of reaching nadir diaphragmatic 

thickness 
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Table 7: Comparison of percentage of fall in DT from baseline value 

between subjects on muscle relaxant and subjects without muscle 

relaxant 

Time 
Muscle 

relaxant 
N 

Mean fall 

in DT as 

percentage 

Mean 

difference 

in DT 

fall % 

t test  

p value 

36 hours 

No 10 7.37 % 

4.337% 0.031 

Yes 40 11.71 % 

48 hours 

No 34 12.7 % 

2.2 % 0.322 

Yes 16 14.9 % 

60 hours 

No 41 15.05% 

1.12 % 0.756 

Yes 6 16.17% 

72 hours 

No 26 17.15 % 

0.75 % 0.893 

Yes 3 17.9 % 

 



 
 

Comments: 

 All the subjects needed muscle relaxation till 24 hours 

 At 36, 48, 60, and 72 hours, subjects who received muscle 

relaxants had a greater fall in DT thickness as percentage from 

baseline than subjects who did not receive muscle relaxants. 

However, this difference in fall of DT thickness as % was 

statistically significant only at 36 hours and not statistically 

significant at 48, 60, and 72 hours. 

 

 

 

 

 

 

 

 



 
 

Fig. 20. Percentage fall in DT from baseline value at 36 hours according 

to muscle relaxant use 

 

 

 

 

 

 

 



 
 

Fig. 21. Percentage fall in DT from baseline value at 48 hours according 

to muscle relaxant use 

 

 

 

 

 

 

 

 



 
 

Fig. 22. Percentage fall in DT from baseline value at 60 hours according 

to muscle relaxant use 

 

 

 

 

 

 

 

 



 
 

Fig. 23. Percentage fall in DT from baseline value at 72 hours according 

to muscle relaxant use 
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Discussion 

 A prospective observational study to assess the course of diaphragm atrophy 

using ultrasound. 

Schepens et al 
[7]  

performed an observational cohort study, which included 54 

mechanically ventilated patients. The right hemi diaphragm was measured daily at 

the zone of apposition on the midaxillary line. Results of this study were length of 

mechanical ventilation was associated with degree of a trophy. The largest decrease 

in thickness occurred during the first 72 hrs of mechanical ventilation. 

Goligher et al 
[2]

 performed a case control study with 107 patients on mechanical 

ventilation as cases & 10 non ventilated intensive care unit patients as control 

subjects. Diaphragm thickness and contractile activity were measured by ultra sound. 

They concluded that changes in diaphragm thickness are common during mechanical 

ventilation and associated with diaphragmatic weakness.  

 Grosu et al 
[3]

 did a study on 7 mechanically ventilated patients. They measured 

diaphragm muscle thickness everyday using sonography from the day of intubation 

until the patient extubated (or) tracheostomy (or) died. They concluded that 

diaphragmatic atrophy starts within 48hours after initiation of mechanical 

ventilation. The overall rate of decrease in diaphragm thickness over time averaged 

6% per day of mechanical ventilation. 



 
 

 In our study 50 patients who were on mechanical ventilation post operatively 

were taken as subjects and their diaphragm thickness recorded by ultrasound at 

regular intervals. 

 We observed that among 50 patients, majority (38%) were in the age group 

of 41 to 50 years, while 36% were below 40 years and 26% were above 50 

years. Diaphragm atrophy was observed among all age groups. 

 Among 50 patients in this study, 64% were males while remaining 36% were 

female subjects. 

 More than half (58%) needed mechanical ventilation for 72 hours while 36% 

needed mechanical ventilation for 60 hours. 

 We observed that the fall in diaphragmatic thickness observed over time at 

various post-operative time points under mechanical ventilation was 

statistically significant. 

 We observed that a statistically significant fall in diaphragmatic thickness 

happens after 24 hours of mechanical ventilation in the post-operative 

period. 

 We observed that there was fall in diaphragmatic thickness of 13.4% from 

the baseline after 48 hours including 50 subjects and fall in DT thickness 

was 17.2% from baseline after 72 hours including 29 subjects. 

 It was observed that the percentage of fall in diaphragmatic thickness and the 

baseline was 1.33% ±2.39 at 12 hours, 6.05% ±3.61 at 24 hours, 10.85% 



 
 

±5.74 at 36 hours, 13.40% ±7.06 at 48 hours, 15.19% ±8.17 at 60 hours and 

17.23% ±8.94 at 72 hours. 

 Hence the fall in diaphragmatic thickness from baseline crosses 10% at 36 

hours and is maximum at 72 hours. 

 We also observed that 1 subject did not have any change in diaphragmatic 

thickness over 72 hours. 

 We observed that above 35% reached had nadir (lowest diaphragmatic 

thickness) at 60 hours while 22% and 18% had nadir at 36 hours and 48 

hours, respectively. 12.2% of subjects had greatest fall in diaphragmatic 

thickness (nadir) after 24 hours and the same 12.2% of subjects had nadir at 

72 hours. The mean nadir thickness was 1.40mm in comparison to mean 

baseline thickness of 1.69mm. 

 We observed, as the time of mechanical ventilation increased, the mean nadir 

DT also decreased. The baseline thickness of 1.69mm fell to a mean nadir 

DT of 1.52mm ±0.1in 24 hours, 1.46mm ±0.29 at 36 and 48 hours, 1.38mm 

±0.16 at 60 hours, and 1.17mm ±1.17 after 72 hours. There was a mean of 

16.1% fall in DT from baseline across all subjects. Hence the association 

between length of mechanical ventilation and mean nadir diaphragmatic 

thickness was statistically significant. 

 We observed the percentage of fall in DT from baseline was 5.0 % ±3.4 

when nadir was reached in 24 hours, 15.8% ±3.8 at 36 hours, 13.6% ±7.3 at 

48 hours, 18.4% ±7.5 at 60 hours and 25% ±5.8 at 72 hours. This difference 



 
 

in percentage fall of DT from baseline across various groups based on time 

of reaching nadir was statistically significant with subjects reaching nadir at 

72 hours having greater fall percentage of DT from baseline. 

 We observed that comparison of difference in percentage fall of DT between 

24 hours Vs. 36 hours, 24 hours Vs. 60 hours, 24 hours Vs. 72 hours and 48 

hours Vs. 72 hours was statistically significant indicating that greater fall in 

DT happens at 60 hours and 72 hours. 

 We observed that all the subjects needed muscle relaxation at least till 24 

hours. At 36, 48, 60, and 72 hours, subjects who received muscle relaxants 

had a greater fall in DT thickness as percentage from baseline than subjects 

who did not receive muscle relaxants. However, this difference in fall of DT 

thickness as % was statistically significant only at 36 hours and not 

statistically significant at 48, 60, and 72 hours. 

 We observed that subjects with lesser diaphragm atrophy had spontaneous 

attempts earlier and weaned off from mechanical ventilation earlier. When 

compared with subjects with greater degree of diaphragm atrophy. 

 Our study has certain limitations. We only evaluated the thickness but the 

diaphragm function or strength is not evaluated. We do not have the exact 

baseline thickness of diaphragm. All baseline measurements in this study 

were performed after the initiation of mechanical ventilation. 

 



 
 

 

 

 

 

 

 

 

 

SUMMARY 

 

 

 



 
 

Summary 

 This study evaluates the course of diaphragm atrophy in mechanically 

ventilated post-operative patients by measuring diaphragm thickness using 

ultrasound and the effects of mechanical ventilation on diaphragm with the degree 

of diaphragm atrophy in association with length of mechanical ventilation. 

The following observations were made in this study: 

 Significant fall in diaphragmatic thickness happens after 24 hours of 

mechanical ventilation in the post-operative period 

 Percentage of fall in diaphragmatic thickness and the baseline was 1.33% at 

12 hours, 6.05% at 24 hours, 10.85% at 36 hours, 13.40% at 48 hours, 15.19% 

at 60 hours and 17.23% at 72 hours 

 The fall in diaphragmatic thickness from baseline crosses 10% at 36 hours 

and is maximum at 72 hours 

 The mean nadir thickness was 1.40mm in comparison to mean baseline 

thickness of 1.69mm 

 The association between length of mechanical ventilation and mean nadir 

diaphragmatic thickness was statistically significant 

 The greater fall in diaphragmatic thickness happened at 60 hours and 72 

hours 



 
 

 At 36, 48, 60, and 72 hours, subjects who received muscle relaxants had a 

greater fall in DT thickness as percentage from baseline than subjects who 

did not receive muscle relaxants 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

 

 

 

CONCLUSION 

 

 

 

 

 

 

 



 
 

Conclusion 

 This study describes the day-by-day evolution of diaphragm atrophy in 

mechanically ventilated patients, measured using ultrasound. I conclude that, the 

degree of diaphragm atrophy correlates with length of mechanical ventilation and 

the greater fall in diaphragmatic thickness occurred between 60 and 72 hours of 

mechanical ventilation. 
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ெங்மகற்கிமறன். எந்ேக் காரணத்ேிைாமலா எந்ேக் கட்டத்ேிலும் எந்ே ெட்ட 

ெிக்கலுக்கும் உட்ெடாமல் நான் இவ்வாய்வில் இருந்து விலகிக் சகாள்ளலாம் 

என்றும் அறிந்து சகாண்மடன். 
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ந ாாரி தகலல் தா  

 

ஆய்வு செய்யப்படும் தலைப்பு : 

க்கத்திற்கு பின் பாரிப்பு பிரிலில், செற்கக சுலாெ லறங்கிில் 

இருக்கும் ந ாாரிகரின் உதலிதானம் செல் யிவு அகைலகத அல்ட்ா 

ெவுண்ட் லறிாக அரலிடுதல் 
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உங்ககர இந்த  ா ெிில் பங்கு சகா ர அகறக்கிநமாம்   ாங்க  உங்க க்கு 

சகாடுக்கும் இந்த ப லத்தில் உ ர லிலங்க  சகாண்டு   ங்க  இந்த 

 ா  ெிக்கு உட்பையாா அல்யது  ிாகரிக்கயாா  ன்பகத   ங்கநர   வு 

செ யாம் ந ம் உங்கரின் ெந்நதகங்ககர ம்  ங்கரிைம் நகட்கயாம்   ங்க  

 ங்க   ா  ெிக்கு தகுதி உ ரலாகவும் பட்ெத்தில் சென்கன ாஜிவ் காந்தி 

அசு சபாது ருத்துலகனில்  கைசப ம் இந்த  ா  ெிில் உங்ககர 

பங்சகடுத்து சகா ர செ நலாம்  

 

                  : 

     செற்கக சுலாெ லறங்கிில்(Mechanical ventilation) இருக்கும் ந ாாரிக 



 
 

க்கு  ாரகைலில்  உதலிதானம் செல் யிவு (diaphragm atrophy)  ற்படும் லா ப்

புக்க  உ ரது  இதகன அல்ட்ாெவுண்ட்(ultrasound) கருலிின் உதலிால் துல்

யிாகவும்  ம்பக்கட்ைத்திநய ம் கண்ைமியாம்  அவ்லா  கண்ைமி ம் 

சபாருட்டு  ந ம் உதலிதானம் செல்  யிவு   ற்பைால் இருக்க தக்க  ை

ல க்ககககர  ன் ட் ந  டுக்கயாம்  
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