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[bookmark: _GoBack] Pulmonary functioning test among infants and children has evolved from the simple measurements of lung mechanics, lung volumes, and various breathing patterns to a more complex approach such as measuring the forced expiratory volume, functional lung volume, and airway functions.  Pulmonary function tests are a particular test performed to measure the lungs' effectiveness by determining lung size and airflow. It can also detect the effects of chronic disease on lung functions, detect lung narrowing, and indicate an individual's ability to undergo surgery and other medical procedures (Rosenfeld et al., 2013). Unexplained respiratory disease and monitoring of patients with known respiratory disease can be done using pulmonary functioning tests. With an increase in technology and knowledge of some pathologies, various new methods are being developed and refined to meet a diagnosis's specification. 
 	The test performed on infants and children is referred to as infant pulmonary function test. It is essential to determine the growth and development of the infant's lungs and breathing or the airflow rate into and out of the lungs. The test is specific to decide on the lungs' different working by comparing the volume and capacities with the normal range. It is used to determine the babies' condition of a chronic pulmonary disease such as cystic fibrosis or bronchopulmonary dysplasia. The test is specific in measuring the lung volume, lung capacity, the rates of flows, and the gaseous exchange occur between the lungs and the blood vessels. The fractional exhaled nitric oxide used to measure the amount of nitric oxide use as an inflammation marker. More often, pathology affecting the pulmonary system and the lungs results in either decrease or increase of the lung volumes and capacity. The information obtained from the pulmonary functioning test is crucial to health care providers to develop a diagnosis and determine an effective treatment plan for pulmonary disorders (Hirano et al., 2013)
Pulmonary functioning test on infants is done under sedation with special equipment. It is important to note; the infants are incapable of breathing on demand for the test purpose; thus, special equipment is required to measure the lungs' functioning. Following such a strict and delicate nature of the infants, the test involves much preparation, equipment, and the child's age to determine the procedures. Children above the age of 5 years are capable of performing a breathing maneuver on their own. Thus, a useful pulmonary functioning test is essential (Pagana & Pagana, 2017).  
The type of disorders diagnosed through the pulmonary functioning test is obstructive and restrictive disorders. Other diagnoses are asthma, allergies, chronic bronchitis, lung cancer, scleroderma, and respiratory infection. The obstructive diseases are caused by air failure to exit the lungs, resulting in a decreased airflow. The restrictive disorder occurs when the lungs and tissue fail to expand. The condition creates a challenge in airflow due to low volumes (Burgel et al., 2013).
The different pulmonary function tests are performed to determine other lung conditions—the test ranges from spirometry, total lung capacity, oxygen saturation, and arterial blood gas. Spirometry and plethysmography are essential, and the most commonly performed test. The spirometry is done using a spirometer containing a mouthpiece inserted into a machine. It is used to measure the volume of air exhaled in and out of the child's lungs after the child's most extensive breath and the speed of emptying air of the lungs (Augustin et al., 2018). Through spirometry, the lungs' mechanical function, chest wall, and respiratory muscles are assessed by measuring different volumes. Spirometry is essential to diagnose challenges in breathing, such as asthma and congestive obstructive pulmonary disease.  Plethysmography is vital to determine the volume of gas in the lungs, referred to as lung volume. 
The various volumes measure by spirometry includes the tidal volume. It is the amount of air inhaled or exhaled during the normal breathing cycle. It is approximately 5 to 8 ml/kg. The minute volume, referring to the amount of air exhaled per minute. Vital capacity refers to the possible amount of air exhaled after maximal inhalation, and it is approximately 4800ml.  The functional residual capacity being the amount of air left in the lungs after normal exhalation. It is obtained by summing together the residual and expiratory reserve volume. The standard volume ranges from 1800- 2200ml. 
The residual volume refers to the amount of air left in the lungs after a deep expiration. The total lung capacity is the total volume of the lungs filled with air. Forced vital capacity is the amount of air exhaled forcefully and quickly after inhaling as much as you can. The force expiratory volume being the amount of air that expired during the first, second, and third seconds of the FVC test. Peak expiratory flow rate refers to the fastest speed that air can be forced out of the lungs. The total lung capacity is an important test used to measure the amount of air the lungs of a child can hold. The plethysmograph often measures to detect the various conditions of the lungs.  
The diffusion capacity test measures how well the air sacks inside the lungs function by determining oxygen from the lungs into the blood. It mainly determines the effectiveness of alveoli. The test operates like spirometry, where the subject must breathe in a different type of gas such as helium. The machine used in this procedure is vital to determine how well there is an exchange of oxygen and carbon dioxide. The test is essential to diagnose disease affecting the blood vessels existing between your heart and lungs and indicate the extent of disease damage. The fractional exhaled nitric oxide test is used to detect asthma in the body. Asthma often causes an increase in nitric oxide. The fractional exhaled nitric test measure how much the nitric oxide is breath out (Croff, 2014). 
The arterial blood gas is equally an important test that involves measuring the child blood obtained from the artery at the wrist to determine the amount of oxygen and carbon dioxide in the arterial blood to indicate the lungs' efficiency. The laboratory test can show the operation of respiratory muscles, responsiveness to inhaled medication, cold air, and exercise (Gavrilovska-Brzanov, et al., 2018)
The bronchial provocation test is frequently used to diagnose asthma. Any provocation by dust and smoke or pollen is likely to trigger asthmatic conditions. Thus the bronchial provocation test can determine the severity of asthma by assessing the extent of reaction. 
It is important to note certain precautions before performing the pulmonary function test, such as avoid feeding your child six hours to the test any solid foods and four hours for liquid foods to prevent asphyxiation. Sedation of the child is important 
All medical procedures can have different risks depending on multiple factors. It's clear to indicate the pulmonary functioning test is no different from other medical procedures. The risk includes shortness of breath, coughing, and dizziness following sedation. Other patients may develop asthma attacks following deep inhalation.  
For an accurate, pulmonary functioning test, there should be maximum coordination between the child and the specialist performing the test. The equipment requires calibration to practice standards and the use of current technology. The use of pain medication is essential to make the process easy and effective. Following instructions are also necessary to ensure the method is effective. However, the test is contraindicated on children who had recently undergone eye surgery, surgery on the belly or chest; children with chest pains and heart attacks, and active tuberculosis are not recommended to take the test (Divo et al., 2012). 
In conclusion, the pulmonary functioning test is essential in infants to determine the lungs' growth and development, detect the actual cause of breathing problems, check the lungs' functioning before surgery, and notice whether the treatment plans are working as expected.  It is crucial to assess the lungs' functioning to detect any anomalies and impending pathologies such as asthma and obstructive lung diseases. The information obtained from this result help the physician decide on an effective treatment plan and medication to use or avoid during that might provoke the condition. Accurate cooperation between the specialist and the child is required to ensure a precise result. The instruments are needed to be updated with precise calibration. It is essential to determine the contraindicated patients from performing a pulmonary functioning test to prevent complications.

















References

Augustin, I. M., Spruit, M. A., Houben-Wilke, S., Franssen, F. M., Vanfleteren, L. E., Gaffron, S., ... & Wouters, E. F. (2018). The respiratory physiome: Clustering based on a comprehensive lung function assessment in patients with COPD. PLoS One, 13(9), e0201593.
Burgel, P. R., Bergeron, A., De Blic, J., Bonniaud, P., Bourdin, A., Chanez, P., ... & Didier, A. (2013). Small airways diseases, excluding asthma and COPD: an overview. European respiratory review, 22(128), 131-147.
Croff, J. J. (2014). The difference in pulmonary function, lung volume, diffusion capacity, and body composition affects asthmatic and healthy endurance athletes and controls (Master's thesis).
Divo, M., Cote, C., de Torres, J. P., Casanova, C., Marin, J. M., Pinto-Plata, V., ... & Celli, B. (2012). Comorbidities and risk of mortality in patients with chronic obstructive pulmonary disease. American journal of respiratory and critical care medicine, 186(2), 155-161.
Gavrilovska-Brzanov, A., Shosholceva, M., Kuzmanovska, B., Kartalov, A., Mojsova–Mijovska, M., Kokareva, A., ... & Brzanov, N. (2019). ARTERIAL BLOOD GAS ALTERATIONS IN RETROPERITONEAL AND TRANSPERITONEAL LAPAROSCOPY. Macedonian Journal of Anesthesia.
Hirano, T., Matsunaga, K., Sugiura, H., Minakata, Y., Koarai, A., Akamatsu, K., ... & Ichinose, M. (2013). Relationship between alveolar nitric oxide concentration in exhaled air and small airway function in COPD. Journal of breath research, 7(4), 046002.
Pagana, K. D., & Pagana, T. J. (2017). Mosby's Manual of Diagnostic and Laboratory Tests-E-Book. Elsevier Health Sciences.
Rosenfeld, M., Allen, J., Arets, B. H., Aurora, P., Beydon, N., Calogero, C., ... & Gustaffson, P. M. (2013). An official American Thoracic Society workshop report: optimal lung function tests for monitoring cystic fibrosis, bronchopulmonary dysplasia, and recurrent wheezing in children less than six years of age. Annals of the American Thoracic Society, 10(2), S1-S11.
