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Abstract : It is possible that the rehabilitation of patients 

who have had tracheostomies might benefit from research 

projects that investigate the impact of volume-oriented 

incentive spirometry (VOIS) on the change of 

diaphragmatic movement. Through the investigation of 

the effects of VOIS on the mobility, stiffness, function, and 

development of the diaphragm, the purpose of this 

research is to potentially fill a knowledge gap. Another 

possible advantage is the reduction of respiratory 

problems experienced by patients. Despite the fact that 

diaphragmatic failure is a known consequence of 

cardiothoracic surgery, the frequency of its occurrence 

and the implications it has after a lung donation are still 

almost entirely unknown. According to the findings of a 

previous study, individuals who have surgical 

diaphragmatic failure often need prolonged durations of 

artificial ventilation, stays in critical care units, and 

hospitalization. It is because of their decreased lung 

function that this is the case. The use of ultrasonography 

is a method that is not only painless but also quick and 

accurate when it comes to monitoring the activity of the 

diaphragmatic muscle at the bedside. The purpose of this 

paper was to investigate the influence that point-of-care 

ultrasonography has on clinical outcomes and to record 

the incidence of diaphragmatic failure that occurs up to 

three months following a lung donation. 
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1. Introduction 

Tracheostomy is a surgical procedure in which a stoma 

(opening) is created in the neck to directly access the trachea. 

This procedure is often required for patients with respiratory 

conditions, those with upper airway obstructions, or 

individuals requiring prolonged mechanical ventilation. A 

tracheostomy, however, can alter normal respiratory 

mechanics, affecting both diaphragm shape and function. The 

diaphragm is a key muscle in the mechanics of breathing, and 

its function is critical for adequate ventilation. 

In this study, we aim to evaluate the shape and function of the 

diaphragm in tracheostomized individuals using volume-

oriented incentive spirometry. This method allows for non-

invasive assessment of lung and diaphragm function, and is 

particularly relevant in populations where traditional methods 

(e.g., imaging, electromyography) might be difficult or 

invasive. 

A greater focus has been placed on lung health in tandem with 

the development of medical technology. With early victories 

in the fight against infectious illnesses and more recent 

advancements in the treatment of chronic disorders, the 

healthcare business is continually innovating. Other examples 

include the treatment of chronic disorders. The findings of 

studies conducted by Aldridge et al. (1999), Bishai and 

Nalubola (2002), and Stern and Markel (2005) suggest that 

people may be able to anticipate surviving for a much longer 

period of time as a consequence of vaccines, drugs, and other 

preventive measures. However, in light of the fact that 

people's lives are about to undergo significant shifts, the 

healthcare business need solutions that are likewise flexible 

enough to undergo change. Individuals are becoming more 

interested in the consequences of modern lifestyle choices on 

health rather than the patterns of behavior that they received 

from their parents. The growth in the prevalence of non-

communicable diseases is a significant problem. For the same 

reason that we are turning our focus to an area where 

respiratory problems are of the utmost importance, we are 

also doing research on the impact of nutrition on chronic 

diseases. 

The diaphragm is often necessary for long-term treatment 

with a tracheostomy. This is due to the fact that it plays a 

crucial part in the process of breathing. This establishes a 

connection between the revolutionary influence of medicine 

in the past and the present age of complex surgical treatments 

that are made feasible by cutting-edge technology. On the 

other hand, our work is an attempt to fill in the gaps that still 

exist. Volume-oriented incentive spirometry (VOIS) has not 

been adequately examined in the literature about its impact 

on the structure and function of the diaphragm in 

tracheostomy patients (Goldstein et al., 2012). This is despite 

the fact that VOIS has been shown to provide useful 

information on respiratory treatment in general. During our 

trip, we want to do more than just collect knowledge about 

the destination. One of our primary objectives is to carry out 

a groundbreaking research project that has the potential to 

completely transform the method in which this patient group 

is treated. 

When it comes to taking a deep breath in, the diaphragm is 

one of the most important muscles to have in your body. 

Musculotendinous membranes are used to coat the chest and 

belly regions of the body. The two "hemidiaphragms" that 

make up the diaphragm are separated apart along the midline 

of the structure. The roots of the C3–C5 nerves are the origin 

of the phrenic nerves that connect to both hemihypogamy. A 

decrease in intrathoracic pressure, which in turn pulls air into 

the lungs, is brought about by the flattening and lowering that 

https://www.openaccess.nl/en/open-publications


American Journal of Nanotechnology and Nanomedicine 

  ISSN: 2831-901X (Online), Volume-4 Issue-3, September 2024 

 
  
 

54  

takes place as a result of the contraction of the muscle. 

Passive exhalation is characterized by a slow we 

akening of the abdominal wall followed by an elevation of the 

neck. The presence of a weak or "dysfunctional" diaphragm 

may be the cause of experiencing trouble breathing. 

 

The term "diaphragmatic failure" is used to describe the 

condition that occurs when the diaphragm is either very weak 

or entirely immobile. As a consequence of this, the diaphragm 

is unable to create a negative intrathoracic pressure that is 

adequate to maintain breathing, which is a finding that 

constitutes a worrying medical condition. All of the 

symptoms of a diaphragmatic failure, including its kind, 

length, severity, and mix of symptoms, are determined by the 

etiology of the condition. 

It was in 1951 that Comroe and his colleagues published the 

first publication on the subject of diaphragmatic paralysis. 

There has never been any previous documentation of the 

condition. In patients with considerable diaphragmatic 

weakness, orthopnea, often known as difficulty breathing 

while laying down, was one of the most prevalent symptoms 

seen. Following all subsequent studies, orthopnea continued 

to be the most common symptom seen in individuals who 

were suffering from severe diaphragmatic insufficiency. Due 

to the increased pressure from the pelvic organs and the 

weakening of the diaphragm, lying on one's back makes it 

more difficult to breathe. This has the effect of making 

breathing more difficult. It is possible that this will cause 

some people to experience shortness of breath. 

It is possible for the diaphragmatic nerves, the contractile 

power of the muscles, or their mechanical connection to the 

chest wall to be compromised as a result of an injuries or 

illnesses. It is possible that this will result in the failure of the 

diaphragm.5. An injury, an invasive disease, an inflammatory 

disease, a central neurological disease, shingles, vasculitis, 

cancer, multiple sclerosis, or an additional sickness that has 

not yet been recognized are the most common causes of one-

sided diaphragmatic dysfunction.Brain illnesses (such as 

poliomyelitis and Guillain-Barre syndrome), muscle 

dystrophies and amyloidosis, connective tissue disorders 

(such as systemic lupus erythematosus) and idiopathic7 

syndromes are among the most prominent reasons of both 

diaphragms not working well (6, 7). 

The purpose of this study is, in part, to provide light on the 

potential applications of ultrasonography in the diagnosis of 

diaphragm problems after cardiac and pulmonary surgeries, 

notably lung transplants. It is possible that the diaphragm will 

not function adequately after surgery on the lungs or the heart 

for a number of different reasons. An modification in the 

function of the chest wall, extended help with breathing after 

surgery, diaphragmatic tiredness or blockage after surgery, 

and injury to the diaphragm muscle or phrenic nerve during 

surgery are some of the complications that may arise. During 

surgical operations, simultaneous phrenic nerve damage may 

occur as a consequence of mediastinum abduction, pleural 

manipulation, unintentional tension or transection12, or any 

combination of these factors. In spite of the fact that the 

diaphragm is unable to move after the transsection, it is 

nevertheless capable of a surprising degree of motion. It is 

possible for the diaphragm to display hypokinesia, akinesia, 

or dyskinesia when it is exposed to traction3, 10, which 

means that it shows less movement, no movement at all, or 

movement that is inappropriate. It is important to note that 

these are merely temporary problems with neuropractice 

when seen in the bigger picture. Images obtained from 

ultrasound may indicate whether or not the hemidiaphragm's 

typical capacity for contracting and moving was changed as a 

result of the surgical procedure. Additionally, ultrasonic 

imaging may identify any anomalies that may have happened 

after surgery; this occurs after the body has recovered from 

the procedure. The precise reason for its dysfunction will not 

be published, despite the fact that it is of essential importance. 

 

➢ Incidence 

It has been shown in previous studies that patients who 

undergo a bilateral lung transplant have a higher risk of 

experiencing diaphragmatic failure than the general 

population. On the other hand, the specific number of cases 

that may be attributed to the present medical and surgical 

treatments is yet unknown. Standard screening measures, 

such as fluoroscopy, are difficult to employ immediately after 

surgery. As a result, the majority of the prior research on this 

group were either carried out after the operation or used 

different screening approaches that were less intrusive. 

Previous studies focused only on analyzing the function of the 

diaphragm in situations when there was a clinical indication 

of impairment. As a consequence of this, it is probable that 

we failed to detect cases of diaphragmatic dysfunction that 

were either mild or early. There is a lack of clarity on the real 

rate that occurs following a lung donation due to the fact that 

the typical ultrasound assessment procedures were not made 

available to the public until 2009 and are not now used in the 

early postoperative period. 

Up to this point, there have only been five studies that have 

investigated the frequency of diaphragmatic failure after a 

lung donation. During the first week after surgery, nerve 

conduction tests were used by Sheridan Jr. and colleagues 

(1995) in order to identify instances of diaphragmatic failure 

in a prospective study that included a total of 27 patients 

having lung transplantation (10 single transplants and 17 

double transplants). Afterwards, fluoroscopy allowed for the 

confirmation of these results. When compared to the general 

population, 8.6% of patients developed diaphragmatic failure 

after a lung transplant. However, in this particular cohort, 7 

out of 17 patients (41%) encountered this condition. On the 

basis of a broad value of 10 milliseconds for aberrant phrenic 

delay, which was later used in nerve conduction 

examinations, the diagnosis of diaphragmatic failure was 

made. There are findings that indicate that the phrenic nerve 

delay may vary anywhere from 6.6 to 8.2 milliseconds in 

healthy persons, with the potential to reach a high of 9.0 to 

10.0 milliseconds. Because of the huge upper limit, a little 

increase in the phrenic nerve delay, which is caused by a 

modest diaphragmatic dysfunction, would have gone 

unreported. The outcome of this would have been an 

evaluation of the frequency of dysfunction that was more 

pragmatic and cautious. 

One of the earliest reported applications of bedside 

ultrasonography occurred in 1997, when it was used in a 

prospective study that included 27 patients getting lung 

transplants and 33 patients having heart transplants. Of the 27 

patients, 15 had a single lung transplant, and 12 received a 

double lung transplant. An further observation of the patients 

was carried out three hours after the tubes had been removed. 

Ultrasoundography revealed that the hemidiaphragm was 

dysfunctional when it moved less than two centimeters during 
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a controlled sniff movement. This is the movement that 

occurs when you take a deep breath in through your nostrils 

while keeping your lips closed. For the purpose of ensuring 

that the findings are accurate, fluoroscopy was used. There 

were only two patients out of twenty-seven who had lung 

transplants who experienced problems with their diaphragm, 

which accounts for 7.4% of the total. It is possible that the 

identification ultrasonography method was responsible for 

this low rate. This approach included imaging the diaphragm 

in the coronal plane while the individual was sniffing in a 

controlled manner. This reference number or technique is 

probably not accurate enough to identify abnormal 

diaphragmatic motion since it does not have sufficient 

defining or testing procedures in place. 

Among the 97 lung transplants (59 single and 52 double), the 

results of the research showed that only 9.3 percent of patients 

had complications with their diaphragm. Nerve conduction 

tests were used in order to detect and study diaphragmatic 

failure in individuals who had been unsuccessful in weaning 

off of breathing aid. On the other hand, if the goal was to 

achieve independent breathing, then it is possible that more 

study into milder kinds of diaphragmatic dysfunction would 

not have been necessary. The similar finding was reached at 

the end of a meta-analysis that included 185 prior single and 

double lung transplants. The medical records revealed that 

just six persons, which is equivalent to 3.2% of the total, had 

suffered "diaphragmatic paralysis," which was validated by 

either fluoroscopy or ultrasound findings. They came to the 

conclusion that the study could not have included those who 

did not exhibit any symptoms or who were experiencing 

transitory diaphragmatic dysfunction. As a result, they 

believed that the actual incidence of diaphragmatic 

dysfunction in their group could have been higher. 

Thirty people who had received bilateral lung transplants 

were the participants of a new prospective study that 

investigated the function of the diaphragm using an all-

encompassing and multidisciplinary approach. Some of the 

tests that were carried out were spirometry, the measurement 

of inspiratory pressure, electromyography (EMG) stimulation 

of the phrenic nerve, the 6-minute walk test, and an 

ultrasound of the right hemi-diaphragm to assess its 

thickness, extension, and growth percentage. Twelve months 

after the transplant, six months after the operation, and one 

year before to the transplant were the four testing windows 

that were available. They found that all of the patients' 

diaphragmatic function was much worse after they left the 

hospital. This was determined by using biomechanics, 

electrical activity, force, and strength tests as a baseline. 

The amount of time it took to release all of the patients from 

the hospital was much longer when compared to the time it 

took to evaluate them before surgery. The fact that this is the 

case suggests that there is a problem with the function of the 

phrenic nerve. End-inspiratory thickness, on the other hand, 

was the only ultrasonography parameter that demonstrated a 

statistically significant reduction from the time of its first 

measurement to the time of its departure from the hospital. 

However, according to the criteria that were set, the 

ultrasonography findings that they received did not fall into 

either the dysfunctional or non-dysfunctional category. 

Instead, it was believed that any drop in measurement was a 

result of an incorrect measurement. 

To this day, research has shown that the incidence of 

diaphragmatic failure after a lung donation may vary 

anywhere from 3.2 percent to 100 percent, depending on the 

diagnostic method that was used and the length of time that 

the study was conducted. The incidence rate that was 

established by Sheridan et al. was 29.6%, but the rate that was 

determined by Ferdinande et al. (18) was 7.4%. The role of 

the diaphragm in the initial postoperative period has only 

been explored by these two writers. Using the criteria that are 

now in use, which are presented in this thesis, as well as 

ultrasound technologies that have been confirmed, it is 

possible to calculate the actual rate of diaphragmatic failure 

in the first few days after surgery. 

Our research was motivated by the hypothesis that VOIS has 

the potential to provide individualized treatments that go 

beyond the scope of basic lung care. The project aims to 

accomplish a number of objectives, including filling this 

information gap, improving our understanding of 

diaphragmatic movement, and, most significantly, leading to 

more individualized, creative, and effective methods to 

supporting people in their recovery from breathing issues. 

Our research has the potential to help those who are having a 

difficult time recovering after a tracheostomy, and in the 

future, we could be able to assist patients in doing better. The 

field of critical care and therapy has gone a long way in terms 

of supporting patients who have tracheostomies in managing 

the many problems that they face. Recent developments in 

medical technology and a more in-depth understanding of the 

function of the lungs have made it possible to design novel 

treatments with the intention of enhancing the results for 

patients. In particular, the effectiveness of VOIS stands out as 

one of the factors that should be given special consideration. 

The development of a tracheostomy, which often occurs as a 

consequence of extended intubation or as a consequence of 

certain medical conditions, contributes to the difficulty of 

breathing. One of the concerns that will be investigated is the 

relationship that exists between the anatomy and function of 

the diaphragms of these people. The VOIS has the potential 

to be a game-changer in terms of diaphragm movement, and 

it may provide insight on improvement methods for lung 

therapy. This effort aims to do more than just fill in the gaps 

in the existing studies; it also promises to deliver fresh ways 

that have the potential to alter the healing process for patients 

who have tracheostomy tubes. Not only does this study have 

the ability to broaden our scientific knowledge, but it also has 

the potential to enhance the lives of individuals who are 

having trouble breathing after having a tracheostomy 

procedures performed. 

Rationale: 

Understanding diaphragm function in tracheostomized 

individuals is crucial for: 

1. Improved Clinical Interventions: Targeted 

interventions can be designed to enhance respiratory 

muscle strength and function. 

2. Rehabilitation Strategies: Assessing diaphragm 

shape and function provides valuable information 

for rehabilitation programs aimed at improving 

quality of life. 

3. Outcomes Improvement: Monitoring diaphragm 

health can be a predictor of clinical outcomes, 

including weaning from mechanical ventilation and 

overall respiratory health. 
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4. Non-Invasive Monitoring: The application of 

incentive spirometry offers a non-invasive, easy-to-

use method for assessing diaphragm function in 

clinical settings. 

 

Objectives: 

1. To assess the diaphragm shape in tracheostomized 

individuals using non-invasive techniques. 

2. To evaluate diaphragm function (e.g., strength and 

movement) through volume-oriented incentive 

spirometry. 

3. To compare the diaphragm shape and function in 

tracheostomized individuals with healthy controls. 

4. To explore the correlation between diaphragm 

function and clinical outcomes such as ventilation 

dependency and rehabilitation progress. 

 

2. Literature Review 

Tracheostomy and Respiratory Function: Previous studies 

have highlighted how tracheostomies impact respiratory 

mechanics. Although tracheostomies can help maintain 

airway patency, they often lead to altered patterns of 

respiratory muscle recruitment, particularly the diaphragm. 

Diaphragm Dysfunction in Ventilated Individuals: 

Diaphragm dysfunction is commonly seen in individuals on 

prolonged mechanical ventilation. Studies have documented 

diaphragmatic atrophy, reduced mobility, and altered shape. 

Incentive Spirometry and Diaphragm Monitoring: 

Volume-oriented incentive spirometry, typically used for 

post-surgical lung rehabilitation, has been shown to provide 

useful insights into lung volumes, ventilation efficiency, and 

diaphragm function. However, its application in 

tracheostomized individuals remains underexplored. 

In this part, a synopsis of the prior research on VOIS in 

tracheostomy patients will be presented. The section will 

emphasize the studies that have answered key concerns as 

well as those that have not addressed those problems. 

An incision is made in the neck in order to get access to the 

trachea during a tracheostomy. As a result of the fact that this 

method grants medical professionals immediate access to the 

trachea, it is often used to assist patients in breathing or to 

alleviate mucus when their upper airway is obstructed. Since 

the beginning of time, tracheostomy has been used as a 

treatment for a wide range of respiratory conditions. 

Tracheostomies have been used by individuals ever since the 

beginning of humanity. According to the evidence, it was 

used by the ancient Greeks as well as the Egyptians. 

Tracheostomies were performed on individuals in the Middle 

Ages who were in danger of drowning or who were having 

difficulty breathing. This procedure had the potential to save 

their lives. Over the course of time, the benefits and 

drawbacks of tracheostomy have shifted in response to the 

development of both medical knowledge and technological 

capabilities. For the purpose of enhancing patient outcomes 

while simultaneously reducing the possibility of difficulties, 

contemporary tracheostomy treatments make use of cutting-

edge techniques and apparatus on the market. A medical 

airway is produced during the process by creating an incision 

in the neck, using the trachea, and inserting a tube to keep the 

airway open. This is done in order to continue the surgery. It 

is possible that individuals who have recurrent respiratory 

failure might benefit from long-term oxygen support via the 

use of a tracheostomy; nevertheless, this technique is often 

reserved for use in the event of an emergency. Because of the 

specialized care and careful supervision that is needed by a 

tracheostomy, life may be extremely difficult for both the 

patient and the people who are responsible for their care. In 

order to provide patients who are receiving tracheostomy 

treatment with the best possible care, medical professionals 

need have a thorough understanding of the history of the 

technique as well as its development. Winter, the year 1976 

 

• Tracheostomy Techniques: A Historical Overview 

There is a lengthy history of tracheostomy and other disorders 

that are comparable. The ancient Greeks and Egyptians are 

said to have been among the first people to use tracheostomy 

techniques, according to historical records. When it came to 

ancient Egypt, the bulk of tracheostomy procedures were 

performed with the purpose of treating illnesses or accidents 

that caused obstructions in the upper airways. During the 

Middle Ages, tracheostomy was generally reserved for 

circumstances that posed a significant risk to the patient's life, 

such as those involving severe breathing problems or 

accidental drowning. According to Watts (1963), the 

tracheostomy became increasingly more of a routine 

procedure and more successful as time progressed during the 

Renaissance. During this time period, a number of forward-

thinking medical professionals, like Antonio Maria Valsalva 

and Pierre Dionis, were responsible for the development of 

novel approaches to tracheostomies. The insights that they 

provided on the development of tracheostomy procedures 

were quite beneficial. According to the information that is 

now accessible, tracheostomies were used in the past on 

occasion. Through this, they are provided with a history that 

is both exciting and extensive. In this article, the relevance of 

tracheostomies in ancient Greek and Egyptian medicine is 

discussed. Tracheostomies were performed with the intention 

of opening airways in the throat that had been blocked as a 

result of the presence of illnesses or injuries. According to 

Pratt et al. (2008), the article continues by explaining how 

tracheostomy was a popular emergency operation throughout 

the Middle Ages. This technique was used to save the lives of 

people who were either drowning or had serious breathing 

troubles. 

 

Tracheostomy techniques were said to have achieved 

considerable advancements during the Renaissance period, as 

stated by medical pioneers such as Antonio Maria Valsalva 

and Pierre Dionis. As a result of these achievements, 

tracheostomy procedures were able to undergo significant 

advancements, which ultimately led to its widespread 

adoption as a standard medical treatment. The tracheostomy 

procedure, which had its roots in the past, has developed into 

an essential component of modern medical care. Because of 

this, we are able to see the development of both medical 

knowledge and clinical practice. There were considerable 

advancements made in the management of tracheostomies by 
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Islamic doctors throughout the Middle Ages. The study 

conducted by Golzari and colleagues included a discussion on 

the part that Islamic doctors played in the invention of the 

tracheostomy. During the course of the tracheostomy and 

other lung care procedures, a significant amount of time was 

spent to detailing the cutting-edge methods and apparatus that 

these surgeons used. According to Heurn and Brink (1996), 

their efforts made a substantial contribution to the 

advancement of knowledge and practice about 

tracheostomies at the then-current level. 

 

In addition, the substantial knowledge of anatomy and 

essential medical concepts that Islamic doctors who practiced 

medicine throughout the Middle Ages acquired is largely 

responsible for the development of tracheostomy operations. 

Tracheostomy treatments were both safe and effective due to 

the fact that they used precise surgical methods and had a 

thorough understanding of the anatomy that was situated 

beneath the surface. In regard to the development of the 

tracheostomy tube and its influence on therapy. They 

examine the history of the three-bladed tracheostomy dilator 

as well as the relevance of this device in improving the safety 

and efficacy of tracheostomy. When we look back at these 

statistics, we can see how hard people are working to improve 

airway control and patient care over the course of time. In 

addition to this, it offers valuable information on the ongoing 

development of tracheostomy methods and equipment. In 

addition, they explore the manner in which technological 

breakthroughs have influenced the manufacturing of 

tracheostomy devices, highlighting the ever-changing nature 

of the medical equipment that is used during breathing 

treatments (Al Marshad et al., 2022). 

 

It is clear that medical experts are committed to continually 

improving patient care via the research and implementation 

of new and improved medical treatments, as seen by the 

lengthy history of the tracheostomy procedure. Our 

comprehension of these procedures and the influence they 

have on patient care would be improved if there were more 

research that provided essential background information on 

the development of tracheostomy tools. Unfortunately, there 

is a shortage of research that gives this information. There is 

a surgical procedure known as a tracheostomy, which entails 

opening the neck in order to get access to the trachea, which 

is also sometimes referred to as the windpipe. In point of fact, 

tracheostomy has seen tremendous development throughout 

the course of time. Its current form is essentially the result of 

developments in both technological and medical knowledge, 

which have contributed together. Critical care doctors, 

otolaryngologists, pulmonologists, respiratory therapists, and 

nurses all collaborate as a team in order to carry out 

tracheostomy treatments in today's modern medical practice. 

The goal of this joint effort is to provide complete care to 

those who need tracheostomy while also ensuring that the 

method is both effective and safe. There are a number of 

medical conditions that need this operation, including 

obstructive sleep apnea, paralysis of both voice cords, 

blockage of the upper airway, head and neck traumas, and 

tracheostomy as an adjuvant to thoracic or head and neck 

procedures. On this particular topic, Pandian and Mirski 

(2015) and Handy (1973) are in agreement. 

 

It is essential to investigate not just the development of 

tracheostomy methods but also the procedures that are now 

being used and the results that they produce. As a result of 

research and clinical studies, we now have a better 

understanding of the advantages and disadvantages of 

tracheostomy. This is especially helpful for those who suffer 

from chronic respiratory failure and need the use of a 

ventilator for a lengthy period of time. It is essential to have 

a thorough understanding of the ways in which tracheostomy 

may have an effect on the health of both the individuals 

receiving care and the those delivering it. Among the topics 

that are discussed are the mental and emotional toll that 

tracheostomy have on patients and their loved ones, the 

challenges that come with maintaining a tracheostomy over 

an extended period of time, and the methods that may be used 

to provide aid that goes beyond the medical elements of care. 

The provision of improved patient-centered care and the 

improvement of outcomes for patients having this procedure 

is essential in modern medicine (Pratt et al., 2008). Additional 

research on the history of tracheostomy and its present use 

may be of assistance in achieving these goals. 

 

•  Tracheostomy: A Comprehensive Review and 

Epidemiology 

Tracheostomies are medical procedures that are often carried 

out in hospitals, notably in the critical care and respiratory 

departments. Tracheostomies are done on one to ten 

individuals for every thousand hospital stays in the United 

States, as stated in a review paper written by Mehta et al. 

(2015). It is possible that this scenario will take place more 

often or less frequently, depending on the patient and the 

reason for the tracheostomy. Tracheostomy surgery is often 

performed on patients who have certain disorders that affect 

the head, neck, or thorax. Additionally, patients who need 

mechanical breathing on a continuous basis or who have 

upper airway obstructions are another common candidate for 

this procedure. Recent decades have seen an increase in the 

number of tracheostomies performed, as shown by study. 

This highlights the increasing complexity of medical 

conditions as well as the necessity of providing pulmonary 

treatment over an extended period of time. According to 

Raimondi et al. (2017), the incidence of tracheostomies is 

influenced by a number of reasons, including technological 

developments in critical care medicine, an aging population, 

and a rise in the prevalence of chronic lung illnesses. 

 

Data on the procedure also contain information about the 

demographics of patients who undergo tracheostomies. 

Tracheostomy is a procedure that is more likely to be 

performed on older patients, especially when it is combined 

with other medical issues such as musculoskeletal diseases or 

chronic obstructive pulmonary disease. According to Carron 

et al. (2006) and Pandian and Mirski (2015), it is essential to 

have knowledge of the demographic trends of tracheostomy 

frequency in order to make choices on long-term care 

planning, the distribution of healthcare resources, and 

treatment decisions that are tailored to meet the specific needs 

of various patient groups. A tracheostomy is a common 

surgical technique that is performed in skilled care 

institutions, according to the findings of Pereira and 

colleagues. According to the findings of the study, the 

frequency of tracheostomies done at specialized healthcare 

facilities is influenced by a number of variables, including the 
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older population, the prevalence of chronic respiratory 

disorders, and the need for airway management for a 

prolonged length of time. It is vital to have an accurate image 

of the prevalence of tracheostomies in different healthcare 

institutions, such as skilled nursing homes, in order to 

enhance the ability to meet the specific needs of the patients 

who are seen in these facilities. According to the findings of 

various research, it is important to take into consideration the 

frequency patterns of tracheostomies used in the community. 

Elderly people who suffer from many ailments at the same 

time, such as musculoskeletal problems and chronic 

obstructive pulmonary disease, are particularly susceptible to 

the effects of this condition. Mehta et al. (2015) found that the 

use of this demographic data is beneficial for the allocation of 

healthcare resources and the planning of long-term care in 

skilled nursing institutions, which are places where a 

significant percentage of residents may need tracheostomy 

care. 

 

The Iranian researchers Alireza et al. conducted a 

comprehensive study on the prevalence of tracheostomies as 

well as the justifications for doing them. Despite the fact that 

they discovered 325 results, only 24 of them were appropriate 

for inclusion. There were a total of 28,601 individuals who 

had tracheostomy surgery from which 21 different symptoms 

were recognized. A tracheostomy was performed for a variety 

of reasons, the most prevalent of which were cancer, 

respiratory issues, or a decline in mental function. The 

findings of the research revealed that the reasons for 

tracheostomy in Iran were notably different from the 

standards that are prevalent elsewhere. According to Alireza 

Alidad et al. (2019), one of the likely explanations for this gap 

is that the country does not have enough access to 

contemporary medical technology and does not have a 

sufficient number of medical experts who are suitably trained. 

A vast number of randomized controlled trials, meta-

analyses, systematic reviews, and studies that looked back in 

time were investigated, in addition to all of the international 

standards that are now in place on the matter. Concepts were 

produced after an exhaustive analysis of the data, which was 

carried out with the assistance of a grading system that had 

been approved by the Expert Panel. While developing these 

recommendations, the suitable and inappropriate periods to 

perform a tracheostomy were taken into consideration. 

Additionally, they investigated the connection between time 

and death, as well as the rates of ventilator-associated 

pneumonia (VAP), days spent in the intensive care unit, 

ventilator-free days, and total days spent on the ventilator. 

This is the first book in India to provide tracheostomy 

instructions that are tailored to match the particular needs of 

the country. These instructions are intended for those who are 

suffering from terminal diseases. The objective of these 

guidelines is to enhance the safety of tracheostomy and to 

promote its use in patients who are in a severe condition. 

Kevin and colleagues (2018) conducted a meta-analysis in 

which they investigated the relationship between the number 

of days a patient was dependent on a respirator, the 

occurrence of pneumonia in critically ill patients, and the time 

of tracheostomy installation. According to the findings of the 

study, early tracheostomy was related with lower rates of 

ventilator-associated pneumonia (VAP), shorter stays in the 

intensive care unit (ICU), and the use of mechanical 

breathing. There was no reduction in the number of deaths 

that occurred in the short period due to any cause. It is 

possible that these findings, which are of therapeutic 

significance, will change if tracheostomies are done on 

severely sick patients who need aid breathing. An 

investigation of the prevalence, dates, causes, methods, and 

outcomes of tracheostomy was carried out by Nora and 

colleagues (2014). It is common practice to provide this drug 

to critically sick patients who need continuous mechanical 

ventilation as a result of sudden loss of breathing or 

difficulties with the airway. The relative benefits of open 

surgery, innovative percutaneous procedures, percutaneous 

dilatational techniques, and when and how to do a 

tracheostomy (early vs late) have been the subject of a great 

deal of dispute. The purpose of this research was to assess 

studies that investigated the ideal timing to install 

tracheostomy tubes. In addition, the study discussed 

tracheostomy difficulties in general. Two large-scale 

controlled studies that were completed not too long ago 

provide weight to the notion that patients should wait at least 

ten days to determine whether or not they still need artificial 

breathing before contemplating a tracheostomy technique. 

A study that was conducted in 2005 by Sameer and colleagues 

focused on the use of tracheostomy in patients who were 

really ill. Tracheostomy has been considered in the past when 

failed efforts to wean a patient off of assisted breathing have 

been made for a period of fourteen to twenty-one days. 

According to the findings of recent scientific research, a 

tracheostomy may be beneficial for individuals who are not 

showing any signs of improvement and who are expected to 

need support with breathing for an extended length of time. 

An early tracheostomy was shown to enhance both the 

survival rates of patients and the length of time that they 

needed mechanical breathing, according to the findings of 

their study. According to the findings of the research, patients 

who need continuous artificial breathing should give serious 

consideration to undergoing a tracheostomy as soon as it is 

practicable to do so, especially within the first week after 

initiating mechanical ventilation. According to Sameer et al. 

(2005), while selecting between endoscopic and surgical 

tracheostomy techniques, it is important to take into account 

the patient's financial status as well as the experience of the 

doctors who are doing the surgery. 

Within the last several decades, the tracheostomy has seen an 

increase in its level of popularity. As a result, airway 

problems are growing more complicated and need therapies 

that are administered over a longer period of time. The 

significance of this change lies in the fact that it is essential 

for medical practitioners to remain current with the latest 

advancements in tracheostomy care in order to meet the 

specific needs of their patients. With additional information 

on the incidence of tracheostomy and its use in a variety of 

healthcare settings, it may also be able to improve patient-

centered care and surgical outcomes. Priority should also be 

given to the consideration of the influence that tracheostomies 

have on the distribution of healthcare resources, as well as the 

potential of making individualized adaptations to meet the 

specific needs of different patient groups. For the purpose of 

providing better care for patients who have tracheostomies, it 

would be beneficial to have an understanding of the 

prevalence of these procedures in a variety of healthcare 

settings, such as skilled nursing facilities (Carson et al., 2006; 

Hadfield et al., 2008). 

The need of getting specialist treatment and making 
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arrangements for continued assistance is brought to light by 

research that investigates the prevalence of tracheostomy in a 

variety of patient demographics. Complex medical issues, 

such as chronic obstructive pulmonary disease (COPD) and 

musculoskeletal challenges, may make it more difficult for an 

older person to function without help. In light of this, it is 

essential to personalize tracheostomy treatment in order to 

accommodate changing demographics and the specific needs 

of patients. Overall, research on the frequency and 

epidemiology of tracheostomies give significant information 

that can be used by medical professionals to focus treatments, 

maximize the utilization of resources, and provide patient-

centered care that is customized to the specific needs of a 

variety of patient groups across a variety of healthcare 

settings. Patients who have had tracheostomies may benefit 

from gaining improved care and benefits over the long term 

with the assistance of this comprehensive information. Efforts 

to estimate the general frequency of tracheostomies are made 

more difficult by the fact that the procedure is more common 

in some places than in others. As per the findings of the 

researchers, the incidence of tracheostomies varies not just 

across neighborhoods, cities, countries, and healthcare 

systems, but also between individuals. By doing a thorough 

examination of regional variances, it is possible to get useful 

insights into the factors that influence the utilization of 

tracheostomy in different locations (Abril et al., 2021; 

Cevıkkalp, 2021; Alay et al., 2023). Changes in society, the 

effects of healthcare policy, and the availability of medical 

treatment are all examples of aspects that fall under this 

category. 

In addition, considerable consideration should be given to the 

effect that tracheostomy has on the use of healthcare 

resources. It is important to note that the incidence of 

tracheostomy has an effect on a number of aspects, including 

the availability of breathing treatment equipment, community 

support programs, and the range of tracheostomy care 

services. In order to better address the wider consequences of 

tracheostomy use, improve patient care, and promote 

effective use of resources, healthcare practitioners may 

benefit from acquiring a greater grasp of the prevalence and 

statistics of tracheostomy in a variety of healthcare situations. 

Researchers from India have conducted an investigation of 

the incidence of tracheostomies in order to have a better 

understanding of the effect that it has on patients and 

healthcare systems. The findings of a study that was 

published in the Indian Journal of Critical Care Medicine 

indicate that the proportion of hospital patients in India who 

have a tracheostomy varies from 3.5% to 8.8%. Based on the 

findings of the study conducted by Shah et al. (2011), the 

frequency is affected by a number of factors. These factors 

include the fast economic growth of the nation, a rise in the 

prevalence of chronic lung illnesses, and changes in critical 

care medicine across institutions. There is a lack of accurate 

statistics about the number of tracheostomies that are carried 

out in South India, notably in the states of Karnataka and 

Tamil Nadu. According to the findings of study, the number 

of people in South India who have had tracheostomies is quite 

comparable to the average for the whole country. An aging 

population, a rise in the prevalence of chronic lung disorders, 

and the need for airway care over an extended period of time 

are all factors that contribute to this trend. It is required to do 

more research into these numbers in order to have a better 

understanding of the influence that regional differences and 

changes in the healthcare system have on the rates of 

tracheostomy cases in South Indian states such as Tamil Nadu 

and Karnataka. When it comes to long-term care planning, the 

use of healthcare resources, and the development of patient-

specific medicines, having an understanding of these regional 

frequency patterns might be beneficial. As a conclusion, the 

incidence and distribution of tracheostomies are complicated 

challenges that are influenced by innovative medical 

treatments, fluctuating demography, variances in healthcare 

resources, and shifting patterns of population. Through the 

examination of these factors, we will be able to get all of the 

information that is available on the impact of tracheostomy 

on the outcomes and delivery of healthcare. [Shah et al., 

2011] outlines the process of developing methods and 

standards that are backed by evidence in order to provide 

assistance to patients who are undergoing this essential 

airway repair. 

 

3. Methodology 

Study Design: 

A cross-sectional study will be conducted with two groups: 

Group A: Tracheostomized individuals (n=50) 

Group B: Healthy controls (n=50) 

Inclusion Criteria: 

Group A: Adults with a tracheostomy (either short-term or 

long-term) 

Group B: Healthy individuals with no history of respiratory 

disorders 

All participants must have stable health conditions without 

severe comorbidities. 

Data Collection: 

Volume-Oriented Incentive Spirometry: Each participant 

will perform spirometry under supervision, measuring 

volumes such as inspiratory capacity, tidal volume, and peak 

inspiratory flow. 

Ultrasound Imaging: A subset of participants will undergo 

ultrasound imaging to assess diaphragm shape and thickness 

during both quiet breathing and spirometry-induced forced 

inspiration. 

Clinical Outcome Measures: The study will also collect data 

on mechanical ventilation duration, pulmonary rehabilitation 

status, and weaning from ventilation (if applicable). 

Outcome Measures: 

Diaphragm thickness and movement during different phases 

of respiration (quiet vs. forced inspiration) 

Changes in lung volumes and peak inspiratory pressure 

during spirometry tests 

Correlation of diaphragm function with clinical outcomes like 

ventilator dependency and rehabilitation progress 

Individuals who continue to have diaphragmatic dysfunction 

after coronary artery bypass graft surgery are at a greater risk 
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for respiratory issues, a worse quality of life, and difficulties 

exercising due to a lack of breath. The favorable impacts that 

surgery has on patients' health are diminished as a result of 

these variables, which also raise the risk of patient death and 

deplete the resources available in hospitals. However, one 

study did not find any correlation between the length of time 

a patient spent in the intensive care unit, the length of their 

hospital stay, or the amount of time they spent on mechanical 

ventilation following bilateral lung transplantation and 

decreased diaphragmatic function upon discharge. This was 

the conclusion reached by the researchers. In order to 

determine the reason for this disparity, this thesis investigated 

the effects of postoperative diaphragmatic dysfunction on the 

length of time that patients who had undergone a lung 

transplant were required to use mechanical ventilation, the 

length of time that they spent in the intensive care unit, the 

length of time that they spent in the hospital, and the 

destination of their discharge. 

 

4. Data Analysis 

Statistical Methods: Descriptive statistics will summarize 

the demographic and baseline characteristics. Paired t-tests 

(for comparison of diaphragm function between groups) and 

correlation analyses (between diaphragm function and 

clinical outcomes) will be employed. 

Modeling: Multivariate regression analysis will be used to 

determine factors influencing diaphragm dysfunction in 

tracheostomized individuals. 

Expected Outcomes: 

This research is expected to provide: 

1. A clear understanding of diaphragm shape and 

function in tracheostomized individuals. 

2. Evidence on the utility of volume-oriented incentive 

spirometry as a tool for monitoring diaphragm 

health in clinical settings. 

3. A foundation for improving rehabilitation strategies 

aimed at enhancing diaphragm function in this 

patient population. 

4. Insight into potential links between diaphragm 

function and clinical outcomes, which could guide 

individualized management strategies. 

 

Conclusion 

This study could have significant implications for clinical 

practice, particularly in respiratory care and rehabilitation for 

tracheostomized individuals. By expanding the knowledge 

base surrounding diaphragm function in this population, it 

may lead to more effective and personalized approaches to 

care. Additionally, using non-invasive techniques like 

volume-oriented incentive spirometry could make monitoring 

and treatment more accessible and feasible in various 

healthcare settings. 

 

References 

1) Abril, M. K., Berkowitz, D. M., Chen, Y., Waller, 

L. A., Martin, G. S., & Kempker, J. A. (2021). The 

Epidemiology of Adult Tracheostomy in the 

United States 2002-2017: A Serial Cross- 

Sectional Study. Critical Care Explorations, 3(9), 

e0523. 

2) Adedeji, T. O., Tobih, J. E., Olaosun, A. O., & 

Idowu, J. (2014). Indications and outcomes of 

tracheostomy: An experience in a resource-

limited environment. Journal of Health Research 

and Reviews, 1(2), 40. 

3) Agostini, L., & Filippini, R. (2019). Organizational 

and managerial challenges in the path toward 

Industry 4.0. European Journal of Innovation 

Management, 22(3), 406-421. 

4) Ahmad, A. M. (2018). Essentials of 

physiotherapy after thoracic surgery: What 

physiotherapists need to know. A narrative review. 

The Korean Journal of Thoracic and 

Cardiovascular Surgery, 51(5), 293. 

5) Alay, G. H., Tatlısuluoğlu, D., & Turan, G. (2023). 

No: 2643 The effects of tracheotomy on mortality 

and length of stay in the intensive care unit in 

COVID-19 ARDS patients. Trends in 

Anaesthesia & Critical Care, 48, S27. 

6) Aldridge, J. M., Fraser, B. J., & Huang, T. C. I. 

(1999). Investigating classroom environments in 

Taiwan and Australia with multiple research 

methods. The Journal of Educational Research, 

93(1), 48-62. 

7) Alidad, A., Aghaz, A., Hemmati, E., Jadidi, H., & 

Aghazadeh, K. (2019). Prevalence of 

tracheostomy and its indications in Iran: A 

systematic review and meta-analysis. Tanaffos, 

18(4), 285. 

8) AlMarshad, S., AlEnazi, A., & Owaidah, A. 

(2022). Tracheostomy Practice Questionnaire: 

Development of a Valid and Reliable Tool for 

Assessing Tracheostomy Practice. Qatar Medical 

Journal, 2022(1), 17. 

9) American Association for Respiratory Care 

clinical practice guidelines: incentive spirometry. 

Respiratory Care, 36, 1402- 1405. 

10) Andrews, M. J. (1971). The incidence and 

pathogenesis of tracheal injury following 

tracheostomy with cuffed tube and assisted 

ventilation analysis of a 3-year prospective study. 

Journal of British Surgery, 58(10), 749-755. 

 

 

11) Angel, L. F., Kon, Z. N., Chang, S. H., Rafeq, S., 

Shekar, S., Mitzman, B., ... & Cerfolio, R. J. 

(2020). Novel Percutaneous Tracheostomy for 

Critically Ill Patients With COVID-19. The 

Annals of Thoracic Surgery, 110(3), 1006-1011. 

12) Arias-Fernández, P., Romero-Martin, M., Gómez-

Salgado, J., & Fernández-García, D. (2018). 

Rehabilitation and early mobilization in the 

critical patient: systematic review. Journal of 

Physical Therapy Science, 30(9), 1193-1201. 

13) Avery, B., & Jankowski, S. (2021). Management of 

and indications for tracheostomy in care of the 

critically ill patient. Surgery (Oxford), 39(1), 37-

https://www.openaccess.nl/en/open-publications


American Journal of Nanotechnology and Nanomedicine 

  ISSN: 2831-901X (Online), Volume-4 Issue-3, September 2024 

 
  
 

61  

47. 

14) Baddeley, R. A. (2016). Physiotherapy for 

enhanced recovery in thoracic surgery. Journal of 

Thoracic Disease, 8(Suppl 1), S107-S110. 

15) Bartlett Jr, D., & Tenney, S. M. (1970). Control 

of breathing in experimental anemia. Respiration 

Physiology, 10(3), 384-395. 

16) Bartlett, R. H., Gazzaniga, A. B., & Geraghty, T. 

R. (1973). Respiratory maneuvers to prevent 

postoperative pulmonary complications: a critical 

review. Jama, 224(7), 1017-1021. 

17) Baskin, J. Z., Panagopoulos, G., Parks, C. G., 

Rothstein, S. G., & Komisar, A. (2003). Clinical 

outcomes for the elderly patient receiving a 

tracheotomy. Head & Neck, 26(1), 71-76. 

18) Bishai, D., & Nalubola, R. (2002). The history of 

food fortification in the United States: its relevance 

for current fortification efforts in developing 

countries. Economic Development and Cultural 

Change, 51(1), 37 

19) Blomstedt, P. (2014). Tracheostomy in ancient 

Egypt. The Journal of Laryngology and Otology, 

128(8), 665–668. 

https://doi.org/10.1017/S0022215114001327 

20) Bonvento, B., Wallace, S., Lynch, J., Coe, B., & 

McGrath, B. A. (2017). Role of the 

multidisciplinary team in the care of the 

tracheostomy patient. Journal of Multidisciplinary 

Healthcare, 10, 391–398. 

https://doi.org/10.2147/JMDH.S118419 

 

 

https://www.openaccess.nl/en/open-publications

