
Chapter:
Virtual Reality: A philanthropist to young asthmatics!
Aditi1 and Anushree Rai1
1Assistant Professor, SGT University, Gurugram, Haryana
   
Asthma is a chronic disease which is outlined by aggravation of airway hypersensitivity, mucus secretion, bronchoconstriction and inflammation of the airways.[WHO,2022; Mims J. W. 2015] Various trigger factors leads to exacerbation of asthma such as Air that is cold causes narrowing of the lower airways, trapping air, and difficulty exhaling, resulting in ventilation and perfusion imbalance, hypoxia, hypercapnia, and acid-base imbalances, all of which are susceptible to life-threatening problems if not treated promptly [ Mims J. W. 2015].
The prevalence of asthma in India is about 3% i.e., 30 million patients are suffering from asthma. Out of which the prevalence is about 2.4% among population of age more than 15 years and between 4% and 20% among children. It is one of the primary reasons of morbidity and death in rural India. One of the studies in 2004 estimated that 57,000 deaths in India were due to asthma. [Agrawal S, 2013]
Exercise training plays a crucial role in the conservative care of adults with chronic pulmonary conditions. It is documented in the literature that exercise training reduces the symptoms severity experienced during daily life such as breathlessness, exhaustion and improve health-related quality of life. Various studies among individuals with COPD suggest that High intensity training for exercise, as opposed to low intensity exercise, may be helpful in the context of triggering a physiological training response. [Sawyer, A.,2020] High- Intensity interval training (HIIT) definition varies across different studies. One of the reviews elaborates during High-intensity interval exercising with active rest intervals, you can maintain 95% of your peak heart rate. is defined as high-intensity exercise combined with aerobic periods. along with target intensity existing in sub- maximal VO2 max i.e., between 85% and 95% of the peak heart rate. It incorporates quick spurts of high-intensity activity (less than VO2 peak but mostly involve less than cent percent i.e., between 70 % and 90% of VO2 peak or between 85% and HIIT is referred to as aerobic sub- maximal VO2 max intensity. SIT's peak power output (PPO) is approximately 350% of its total power generation at VO2max. [Sawyer A., 2020]
Subjects dealing with chronic cardiovascular and pulmonary diseases find difficulties in changing behavior to a more active and healthier lifestyle, Proposals from the healthcare field to engage in hospital-based rehabilitation programmes are practical and increase quality of life and exercise ability. All the patients cannot participate in these recovery programmes because of weakness and long distance to the hospital. Augmented Reality systems are currently being employed in a variety of rehabilitation procedures. However, science is still in its early stages and requires further research. A consistent definition of Augmented Reality must be developed, and additional research is needed to figure out the potential of using Augmented Reality to encourage occupation practice in a more contextually appropriate environment in order to improve motor learning and generalization to other tasks [Madison D.,2018]. In specific areas of patient health, the application of Augmented Reality in rehabilitation has demonstrated advantages. However, these benefits have not been studied. A recent systematic review conducted by Ertuk G et al., 2021 evaluated the impact of HIIT/SIT protocols on asthmatic subjects. The result of the review concluded that patients suffering from the condition benefit from HIIT/SIT treatments. 
While virtual reality offers a novel and fun method of physical activity, it is critical to determine if the bodily and therapeutic consequences are comparable to traditional exercise training. In this chapter, we will try to understand if Virtual reality can be a benefactor to the patients of asthma.

1.1. Asthma definition: 
Francis M. Rachemann in 1918 proposed the medical concepts as “allergic asthma” or “intrinsic asthma”.  This paradigm has been supplanted by biomarker-based asthma characterization. This is gradually being superseded in the twenty-first century by biomarker-based profiling of asthma for focused therapy of certain subdivisions. Asthma is an ongoing inflammatory condition of the bronchi where mast cells, eosinophils, T lymphocytes, macrophages, neutrophils, and epithelial cells all serve a role. (The 1991, 1997, and 2007 National Institute of Health Guidelines on Asthma). Adult bronchial asthma clinically presented with airway narrowing which is derived from airway inflammation and hyper responsiveness resulting in wheezing, dyspnea and cough (Yanagisawa S., 2018). Long-term inflammation damages the airways and causes airway remodeling, which includes subepithelial fibrosis under the subsurface membrane, smooth muscle hypertrophy, and submucosal gland hyperplasia. As a consequence, intractable asthma develops, with irreversible airway limitation and persistent airway hyper responsiveness (James W. Mims., 2015).

Definition of severe asthma (according to ERS/ATS 2014) (Lommatzsch M & Virchow J. C., 2014):
During therapy with:

· Corticosteroid inhalation at high doses plus at least one additional controller (LABA, montelukast, or theophylline) or

· corticosteroids taken orally for more than 6 months annually

· If therapy is lowered, at least one of the following occurs or would occur:
· ACT < 20 or ACQ >1.5 ACT 20 or ACQ >1.5

· Minimum of 2 aggravation within preceding 12 months

· ACT <20 or ACQ >1.5 with minimum of 1 outbreak cured in medical centre or involving mechanical ventilation in the previous year

· FEV1 80% (if FEV1/FVC is less than the typical lower cutoff)

1.1.1 Etiology and Prevalence of Asthma: 
The etiology of asthma is idiopathic, gene- environment interaction is an important risk factor. Genetic play major role in asthma ranging from 35% to 95%. A review was conducted by Stern J., 2020 listed various determinants for asthma which include Vitamin D deprivation contributed to enhanced Eosinophilia on bronchial lavage, airway remodelling, decreased T regulatory cells, raised NF-KB expression, and raised proinflammatory cytokines, tobacco smoking during pregnancy increases risk of asthma in the offspring, air pollution, pre- natal and early life stress, allergen exposure also exacerbate asthma. The European Community Respiratory Health Survey (ECRHS) and ISAAC have a major role in the development of estimation of asthma prevalence globally. The prevalence in wheeze from Indian centers ranged from 4.1 to 9.7% and 23.2 to 32% in centers from Denmark, UK, US, Estonia, Sweden, Australia, New Zealand, and Ireland. Asthma widespread presence ranged from 2 to 3.3% in sites in Germany, Spain, Greece, Austria, Italy, and Algeria to 8 to 11.9% in areas in the United Kingdom, New Zealand, and Australia and prevalence of asthma symptoms is high among centers with English speaking which may be due to westernization which increases the risk of asthma associated symptoms. 
1.2.  High- Intensity Interval Training (HIIT): 
HIIT is distinguished by quick, alternating bouts of intensive exercise followed by intervals of relaxation or low-intensity exercise in between. HIIT model with submaximal efforts that elicit ≥90% of VO2max or >75% of maximal power (Buchheit, M.; Laursen, P.B., 2013; MacInnis, M.J.; Gibala, M.J. P., 2016). HIIT results in similar or even superior effects on corporeal, execution and fitness related on diseased as well as healthy population, serves as an alternative to traditional endurance training. HIIT helps in improving cardiorespiratory fitness among cardiovascular impairments, heart failure, insulin resistance syndrome and overweight subjects. It is more effective than moderate-intensity training for exercise as improvement in function vascular lining evaluated via flow-oriented widening of the brachial artery increased more after HIIT than after moderate intensity exercise. (Wisloff et al. 2007; Tjonna et al. 2008, 2009; Moholdt et al. 2009).
 
1.3. Role of HIIT in Asthma patients:
Regimen in exercise is essential in the treatment of people with chronic lung diseases. Among asthma patient physical exercise improved maximal oxygen uptake significantly, according to  a systematic Cochrane review (Carson K V et al., 2013). Indoor cycling high-intensity interval training enhances VO2 max in untrained asthma patients irrespective of asthma control level, airway inflammation and airway hyper-responsiveness (Toennesen L L et al., 2018).  Winn. C. O. N et al., 2019 compared efficacy of a 6-month on-site HIIT exercise in asthmatic teenagers to that of their healthy peers. In teenagers, HIIT resulted in significant gains in cardiorespiratory fitness and weight maintenance. This bigger rise could be attributed to individuals with asthma having poorer baseline fitness, as baseline fitness has been shown to have an effect of extent of variation triggered by an intercession in adolescents.


1.4. Role of Augmented Reality in Cardiopulmonary rehabilitation:
Virtual Reality (VR) defined as realistic, immersive simulation of 3D environment using interactive software and hardware which is controlled by movement of the body. Calculation by software, sensory feedback, immersion and human machine interaction are four cardinal elements of virtual reality. Nowadays virtual reality is implemented in cardiopulmonary rehabilitation. A systematic review was conducted by Penn I- Wen et al., 2018 reviewed studies combining the effect of virtual reality and cardiopulmonary rehabilitation. It was concluded that for successful application of virtual reality requires virtual environment which can provide attention, memory, physical strength and daily living activities, quantitative and qualitative method of evaluation. Virtual reality increases motivation and adherence to cardiac rehabilitation program (Penn I- Wen et al., 2018). 
Virtual reality is also beneficial in delivering pulmonary rehabilitation program via Kinect system in patients with COPD (Rutkowsk S et al., 2020). It was concluded from this systematic review that virtual reality improved physical fitness in COPD patients. The Nintendo Wii and the Xbox 360 Kinect are the most popular gaming systems. [Sween J, 2014] Movement recognition equipment is used in these systems to simulate the motions of the players, which are projected on-screen. Wii Fit activities, for example, are designed expressly to increase your level of fitness and include muscular strengthening, cardio (jogging/kickboxing), and stability games (yogic movements, skiing, snowmobiling). [Bonnechère B, 2016] Additional recreations, such as Wii Sports and Kinect Sports, encourage active exercise via having fun while being involved in virtual sports solo or against a fellow contestant. [Butler et al., 2019]
Systemic review done by Butler et al. gathered studies on chronic respiratory disease that incorporated an active video game element as a kind of fitness training & a comparative group in 2019. Although the number of included studies in this review were less but it showed that Peak rhythms and levels of dyspnea were increased by playing intensive arcade games. which were significantly comparable with traditional exercise training. Butler also mentioned that to determine the impact of training with video games on persons with chronic respiratory disorders, more comprehensive and over time randomised controlled trials are required.
Whenever a person starts enjoying his task no matter how difficult or tedious it is, it becomes easy and provides a sense of relaxation. Thus, it is more important to enjoy the process of healing in the case of Pulmonary patients as well. Condon et al. recently assessed the enjoyment in their systemic review and meta-analysis and found that patients with impaired respiratory health enjoyed the intervention provided through virtual reality and the results were statistically significant. Exercise gaming and/or virtual reality gameplay treatment effectiveness was frequently measured using The rhythm of the heart (peak and average), breathing difficulties and breathing efficiency (SpO2 and VO2) are all measured.
VRS are entire-body workouts with no predetermined routine that mirror daily actions such as side-steppage movement (e.g., balance maintenance) and bending in front (e.g., achieve a goal) and are performed by devoted individuals. It may be due to VRS's inability to achieve peak exercise intensity, as it was a sort of complete-body workout intended for amusement with integrated break times (activation time for the game). While contrasting treadmill and stationary bike workouts, a recent study found that only maximal exercise produced a comparable degree of oxygen saturation. [LeGear T, et al., 2016]
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