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Continuing Education Activity

Postoperatively, pulmonary complications require extraordinary attention from the medical
community, as they are a direct cause of morbidity and mortality. The incentive spirometer can
be easily used in pulmonary rehabilitation as a tool in inspiratory muscle training to reduce or
prevent postoperative pulmonary complications and exercise the lungs. This activity reviews the
use of the incentive spirometer in inspiratory muscle training and highlights the role of the
interprofessional team in evaluating, treating, and managing the care of patients who meet the
criteria to receive pulmonary rehabilitation.

Objectives:

Describe the proper use of an incentive spirometer.

Identify indications for incentive spirometry and inspiratory muscle training.

Review anatomy and physiology of lungs and diaphragm during inspiration.

Outline the clinical significance inspiratory muscle training has on pulmonary
complication prevention by an interprofessional team.

Access free multiple choice questions on this topic.

Introduction

An incentive spirometer is a device that measures the volume of the air inhaled into the lungs
during inspiration. When breathing in through an incentive spirometer, a piston rises inside the
device and measures the volume of the inspired air. The incentive spirometry device is widely
used in physical, speech, and respiratory therapy as it encourages the patient to perform a slow
and deep inspiration through visual feedback.[1] Breathing in slowly is important with
spirometer use as it allows the lungs to stretch and opens the airways, which is intended to
imitate the deep breathing seen in yawning or sighing.[2]

The incentive spirometer uses visual feedback to assess a patient's inspiratory effort by
measuring the inhalation volume. The incentive spirometer can be used in rehabilitation as a
favorable tool, as it is inexpensive and easy to manage with no known side effects. It is simple to
train and does not require assistance once a patient has learned how to use it properly.
Furthermore, the visual feedback encourages patient compliance.[1]

The use of the incentive spirometer in inspiratory muscle training has been shown to maintain or
increase inhaled lung volume, prevent lung infection after surgery, and improve sputum
expectoration. Although research on the effectiveness of incentive spirometry for chronic
conditions is mixed, inspiratory muscle training is a vital factor in reducing or preventing
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postoperative pulmonary complications. Using an incentive spirometer following surgery can
help preserve the lungs' integrity and keep the lungs clear. Deep breathing supports the
movement of secretions and assists in opening lung spaces that may have become collapsed.
Inspiratory muscle training stretches and exercises the lungs, keeping them engaged, especially
while recovering from surgery.[2]

Anatomy and Physiology

The respiratory system constitutes an efficient delivery system of inspired oxygenated air to all
portions of the lungs within an enclosed space. The lungs provide a large surface area for gas
exchange with the cardiovascular system. The lungs can provide adequate gas exchange at rest or
while withstanding mechanical stresses such as when exercising. Sophisticated regulatory
mechanisms at every level of the process work together to ensure that the constantly changing
capacities of perfusion, ventilation, diffusion and chemical binding to hemoglobin are optimal for
every aspect of demand encountered by the human body.[3]

The right ventricle pumps deoxygenated blood to the lungs through the pulmonary valve via the
main pulmonary artery. The short but wide artery then splits into the right and left pulmonary
arteries at the level of the T4 vertebrae. The right pulmonary artery supplies deoxygenated blood
to the right lung, while the left pulmonary artery supplies deoxygenated blood to the left lung.
The arteries continue to subdivide and eventually become capillaries. While in the capillaries,
the blood gives off carbon dioxide through the capillary wall into the alveoli of the lungs.
Simultaneously, the blood takes up oxygen from the air in the alveoli, and oxygenated blood is
returned to the left atrium via pulmonary veins. It is a very efficient system, making the
pulmonary circulation ideal for the highest level of gas exchange.[4]

During inspiration, the diaphragm and external intercostal muscle contractions cause lung
volume expansion. Following inspiration, the inspiratory muscles relax, and laryngeal muscles
constrict to slow the lung compression. During active expiration, internal intercostal muscles and
abdominal muscles contract depending upon metabolic needs.[5]

Indications

There are many indications for inspiratory muscle training, including but not limited to the
following.

1. Any general surgery requiring hospital admission beyond one day[6]: Incentive
spirometry use by itself is not appropriate in the preoperative and postoperative setting to
prevent postoperative pulmonary complications. Instead, incentive spirometry can be used
with other aspects of pulmonary rehabilitation, including deep breathing techniques,
directed coughing, adequate pain control, and early mobilization to prevent postoperative
pulmonary complications.[7] The incentive spirometer regimen includes ten workouts per
day, used correctly (i.e., inspire up to 500ml ten times per workout). Other postoperative
interventions to prevent lung complications include but are not limited to oral care,
elevating the head of the bed at least 30 degrees, dangling legs the day of surgery if
indicated, transferring multiple times per day when cleared by the surgeon, ambulation,
and sitting up for meals.[6]

2. Prolonged bed rest: Prolonged immobilization affects almost every organ system in the
body. Respiratory complications include decreased ventilation, atelectasis, and pneumonia.
Atelectasis is the collapse of the entire lung or part of the lung. It occurs when the alveoli

https://www.ncbi.nlm.nih.gov/books/NBK572114/ 2/10



1/13/23, 1:44 PM Incentive Spirometer and Inspiratory Muscle Training - StatPearls - NCBI Bookshelf

within the lungs become deflated or possibly filled with fluid. Atelectasis is one of the
most common respiratory complications after surgery.[8]

3. Patients with neuromuscular disease or spinal cord injury: Cervical and upper thoracic
spinal cord injury cause impairments in respiratory muscle performance, leading to
pulmonary dysfunction and making deep breathing difficult for affected individuals.
Patients with tetraplegia have a more compromised pulmonary function as compared with
patients with paraplegia. Respiratory muscle training should be a focus in all spinal cord
injury rehabilitation programs, especially for patients with tetraplegia, as well as those
with chronic spinal cord injury.[9]

4. Children with cerebral palsy: Incentive spirometry has been shown to enhance
pulmonary function and breath control for speech production in children with cerebral

palsy.[10]

5. Rib fractures: Several complications can follow rib fracture, including hemothorax,
pneumothorax, lung contusion, atelectasis, respiratory failure, flail chest, and even death.
Patients suffering from rib fractures frequently complain of chest pain, which can
be caused by obstruction of the lower airway or damaged lung hygiene. This can lead to
atelectasis and hypoventilation. Atelectasis is the most common complication following rib
fractures. Incentive spirometry has been shown to decrease pulmonary complications in
patients with rib fractures and improve pulmonary function.[11]

6. Chronic obstructive pulmonary disease (COPD): COPD is a common, preventable lung
disease characterized by progressive difficulty with breathing, often with systemic
manifestations, in response to tobacco smoke and/or other harmful exposures to the lungs.
[12] The reported benefits of pulmonary rehabilitation on COPD exacerbations have been
mixed, but the balance of evidence supports its use. Pulmonary rehabilitation may reduce
future COPD exacerbations by targeting risk factors that may cause readmission to the
hospital, such as physical inactivity, reduced activity tolerance, impaired physical function,
desensitization to shortness of breath, anxiety, and depression.[13] Short-term inspiratory
muscle training and incentive spirometer use have beneficial effects on exercise capacity
and exertional dyspnea in patients with COPD.[14] Pulmonary rehabilitation of a patient
with COPD needs to be used in conjunction with lifestyle changes, smoking cessation, and

physical exercise to better manage the disease; incentive spirometry cannot be used alone.
[15]

7. Video-assisted thoracoscopic surgery (VATS) for lung cancer: The use of incentive
spirometry and inspiratory muscle training for patients with lung cancer that choose to
undergo surgical resection via VATS has been shown to assist with lowering
hospitalization costs and decreasing the prevalence of pneumonia incidents.[16]

8. Sickle Cell Disease: Acute chest syndrome is a frequent cause of acute lung dysfunction in
children with sickle cell disease. Management of acute chest syndrome includes immediate
diagnosis, intravenous fluids, incentive spirometry, analgesics, supplemental oxygen or
respiratory support, antibiotics, and transfusion therapy.[17]

9. Ankylosing Spondylitis: Incentive spirometry may improve pulmonary function and
arterial blood gases in patients with ankylosing spondylitis.[1]

10. Parkinson's disease: Respiratory dysfunction is not a well-known feature of Parkinson's
disease. Inspiratory muscle weakness may be present early in the course of the disease. In
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the more advanced stages, limited chest mobility, poor posture, and lung expansion
contribute to less effective coughing. This could lead to the occurrence of aspiration
pneumonia, which is among the highest risk factors for mortality for patients in the
advanced stages of Parkinson's disease. Inspiratory muscle training can be helpful when
people with Parkinson's disease are experiencing respiratory dysfunction.[18]

11. Mild to moderate asthma: Breathing exercises may positively affect the quality of life,
hyperventilation symptoms, and lung function in adults with mild to moderate asthma.[19]

12. Cystic Fibrosis: The incentive spirometer may aid airway clearance and improve lung
function in patients with cystic fibrosis.[20]

13. COVID-19: Pulmonary rehabilitation, including inspiratory muscle training, is indicated
in patients with mild to severe COVID-19 symptoms, including pneumonia and difficulties
with secretion clearance. Training of inspiratory musculature also has significant benefits
in patients who have been treated with mechanical ventilation. In patients with a dry,
nonproductive cough, fever, and/or demonstrate no changes in thorax radiography,
breathing techniques are not indicated.[21]

14. Idiopathic pulmonary fibrosis: Pulmonary rehabilitation has been shown to alleviate
respiratory symptoms and improve exercise tolerance. The improvements may be related
to the chest expansion during deep-breathing exercises and the stretching of the thoracic
muscles resulting in a more efficient breathing pattern, improved respiratory muscle
strength, and pulmonary compliance. Most studies on pulmonary rehabilitation in
idiopathic pulmonary fibrosis combine aerobic activity (walking and/or cycling) with
resistance and flexibility exercises for peripheral skeletal muscles. Pulmonary
rehabilitation should be considered at any stage of the idiopathic pulmonary fibrosis
disease process and in patients awaiting lung transplantation.[22]

15. Interstitial Lung Disease: Interstitial lung disease is one of the most serious pulmonary
complications of connective tissue diseases. Non-pharmacological interventions include
exercises such as walking, strength training, inspiratory muscle training, and breathing
exercises.[23]

16. Multiple Sclerosis: Resistive inspiratory muscle training may effectively improve
maximal inspiratory pressure in people with mild to moderate multiple sclerosis.
[24] Further research and studies are needed.

Contraindications

Certain precautions need to be taken when using an incentive spirometer. Although there is no
absolute contraindication for spirometry, the following conditions are considered a need for
caution when performing inspiratory muscle training: the presence of a respiratory tract
infection, hemoptysis of unknown origin, pneumothorax, uncontrolled hypertension, aneurysm,
recent thoracic, abdominal, or eye surgery, nausea, vomiting or pain, and confusion or dementia.
[25]

Patients with bullous emphysema should be cautious of using an incentive spirometer with high
intensity. There has been a report of a patient with emphysema that was thought to sustain a
partial lung collapse following aggressive use of an incentive spirometer. The development of the
pneumothorax may have been related to the patient's repeated forceful inspirations under
resistance in the setting of emphysema and lung hyperinflation. Inspiratory breathing under

https://www.ncbi.nlm.nih.gov/books/NBK572114/ 4/10



1/13/23, 1:44 PM Incentive Spirometer and Inspiratory Muscle Training - StatPearls - NCBI Bookshelf

resistance can cause large swings in intrathoracic pressure, resulting in increased stress on the
lung tissue.[26]

Equipment

The incentive spirometer is a mechanical hand-held breathing device in which the patient is
instructed to take slow deep breaths through the device’s mouthpiece. The device gives the
patient visual feedback on the volume of the inhalation. Incentive spirometers are available either
by measuring the volume of inspiration (volume-oriented devices) or measuring the flow rate
(flow-oriented devices). A standard flow-oriented incentive spirometer consists of three
chambers in a row. The patient inhales through a mouthpiece connected to the unit with the three
chambers. Each chamber contains a ball that has printed on the outside of the chamber the least
amount of flow needed to raise the ball. With an airflow rate of 600 to 1200 milliliters (mL) per
second, the deep breath lifts the balls. When all three balls reach the top of the unit, the patient
has reached a flow speed of 1200 mL/second. The colored balls indirectly give the patient a
visual indication of the inhaled volume. The visual feedback works to improve compliance in
performing the slow, sustained deep inspiration.

The most common volume-oriented incentive spirometer is a mechanical hand-held device that
uses a one-way valve to block exhalation into the device. It consists of a corrugated hose and a
mouthpiece that connects the patient to a plastic chamber. Next to the central chamber of the
spirometer is a slider. The medical provider can use this slider to set a target breath volume. The
target breath volume can be based on the patient's age, height, health, and condition. When the
patient breathes in through the corrugated hose, the piston in the chamber rises, which indicates
the volume of displacement via an indicator on the device. There is a smaller chamber on the
spirometer that measures the speed of the breath. The ball in this chamber will go to the top if the
patient breathing in too quickly, and will go to the bottom if breathing too slowly. Many
spirometers have a line on this chamber to indicate the optimal speed.

Once the patient has achieved maximal inspiratory volume to the best of their ability, the patient
is requested to hold the piston in the same position for 5 to 10 seconds. After completing the
inhalation and maintaining that inhalation for the appropriate amount of time, the patient is
instructed to remove the mouthpiece, allowing gravity to return the piston to its original starting
point.

Studies have proposed that there are significant differences between the volume and flow-
oriented incentive spirometer. Volume-oriented devices cause less effort with breathing and more
exercise of the diaphragm, whereas flow-oriented devices cause increased muscular activity of
the upper chest. Volume-oriented incentive spirometry has shown to be more effective in
improving pulmonary function, functional capacity, and functional difficulty questionnaire when
compared to flow-oriented incentive spirometry and diaphragmatic breathing exercises.[27]

Personnel

There are no legal regulations on who can perform incentive spirometry.[28]

Technique

Sitting or standing in a comfortable position with proper posture and supporting the incentive
spirometer in the correct, upright position, the patient is encouraged to take slow, deliberate
inhales through the mouthpiece. The patient is encouraged to achieve a certain volume which can
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vary based on the patient's height and age. The patient receives visible feedback from the piston
rising to the preset marker that the clinician has set. The patient is instructed to hold his breath
for at least 2 or 3 seconds at a minimum at full inspiration. Expiration is performed slowly and
calmly with lips no longer sealed around the mouthpiece. After a series of 10 inhalations,
coughing should be prompted to further clear the lungs of phlegm. It is advised to repeat
incentive spirometer use for at least ten deep breaths every hour while awake.[2]

The breathing pattern when using an incentive spirometer is significant and should be
communicated to the patient. The patient should be shown how to expand the lower chest at
maximal inspiration rather than use the accessory muscles of inhalation. The patient should focus
on expanding the lower ribcage instead of expanding only the upper chest.[2] Studies have
shown that slow-maintained inspirations used in volumetric incentive spirometry effectively
promote lung expansion rather than fast inspirations.[29]

Complications

Inspiratory muscle training exercises have few complications. Exercises can be modified
through duration and intensity depending on the frailty of the patient. The focus should be on the
quality of the slow deep breath with the goal of achieving at least 500 ccs of inspiratory volume
for each breath. The patient should be educated on the after-effects that can be caused by deep
breathing, such as coughing.[2]

Clinical Significance

Typical postoperative pulmonary complications include atelectasis, hypoxemia, pneumonia,
respiratory dysfunction, hypoventilation, and pleural effusion. The physiological changes that
may occur can be related to the anesthesia, the type of incision, and the type of surgical
technique.

A common postoperative complication is a lack of lung expansion, resulting from a shift in
normal breathing to an increase in shallow breathing without periodic sighs or yawns. The
change in breathing pattern can be caused by laying in a prolonged recumbent position,
decreased mucociliary clearance, and/or impaired cough performance secondary to pain,
increasing the risks associated with decreased pulmonary secretions.

Pulmonary rehabilitation plays a major role in the prevention and management of postoperative
pulmonary complications. This includes deep breathing exercises, inspiratory muscle training,
mobilization, postural drainage, and percussion. Mechanical breathing devices such as the
incentive spirometer have been introduced into clinical practice as a tool to assist with lung
expansion.[30]

Postoperative pulmonary complications are too common and cause increased mortality and
longer hospital stays, and increased hospital readmissions. Smoking and respiratory diseases,
including obstructive sleep apnea, asthma, and chronic obstructive pulmonary disease, are
correlated with developing postoperative pulmonary complications. Other risk factors for
pulmonary complications include recent respiratory infection or low pre-operative oxygen
saturation levels. Evidence has shown that smoking cessation prior to surgery may reduce
pulmonary complications. Pre-operative inspiratory muscle training programs that include the
use of an incentive spirometer may reduce postoperative pulmonary complications. Pre-operative
exercise programs are recommended for patients undergoing surgery or patients with low levels
of cardiorespiratory fitness.[31]
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Enhancing Healthcare Team Outcomes

Postoperative pulmonary complications require extraordinary attention from the entire medical
community, as they are a direct cause of morbidity and mortality. The incentive spirometer can
be easily used in pulmonary rehabilitation as a tool in inspiratory muscle training to reduce or
prevent postoperative pulmonary complications and exercise the lungs. The role of the
interprofessional team is critical in evaluating, treating, and managing the care of patients who
are indicated to receive pulmonary rehabilitation.

Any medical professional providing bedside care to a patient at risk for pulmonary complications
should be educated in inspiratory muscle training and verify that the patient is proficient in using
an incentive spirometer. To derive good outcomes, the goals and objective of using the incentive
spirometer must be defined for the patient's compliance to be at the optimal level. An incentive
spirometer regimen should include ten workouts per day, used correctly (i.e., inspire up to 500 ml
ten times per workout).

Other postoperative interventions to prevent lung complications include but are not limited to
oral care, elevating the head of the bed at least 30 degrees, dangling legs the day of surgery if
indicated, transferring multiple times per day when cleared by the surgeon, ambulation, and
sitting up for meals.[6] Because incentive spirometry does not require special training, it is every
medical professional's responsibility to address this with the patient.

To improve outcomes in the postoperative setting, the role of the nurse and therapist is critical.
The nurses will assist the team by monitoring the patient to ensure pain is adequately controlled
and communicate with the clinician as needed if any common postoperative complications such
as atelectasis are suspected. The therapist can assist by preventing prolonged immobilization and
encouraging transfers and mobility training when indicated.[8]

Further emphasizing the need for an interprofessional approach to the prevention of pulmonary
complications includes the need for meticulous planning and discussion with other professionals
involved in managing the patient. Quick and efficient patient training on an incentive spirometer
may prevent morbidity, prevent future hospitalizations, and improve outcomes.[6] [Level 1]

Review Questions

e Access free multiple choice questions on this topic.

¢ Comment on this article.
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