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Abstract: Long COVID refers to symptoms that appear 3 months after initial infection with severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), the causative virus of Coronavirus disease 2019 (COVID-19), and last for at least 2 months, not
attributable to other diagnoses. This health issue significantly burdens patients’ quality of life, the economy, and society. Improving the
af-termath of COVID-19 is a crucial global health issue in the post-pandemic era. According to current results, it is evident that
developing a simple, low-cost respiratory training method that can be easily used at home by themselves with long Coronavirus
disease 2019 symptoms (long COVID) is an important and urgent issue. The incentive spirometer is widely used in physical, speech,
and respiratory therapy, as well as in preventing postoperative pulmonary infections and improving sputum clearance. However, to
date, the role of incentive spirometer respiratory training in long COVID symptoms is still limited. In this literature review is presented
to explore the effectiveness of incentive spirometer respiratory training in alleviating symptoms among individuals recovering from
long COVID. We also compile non-invasive assessment methods, with the aim to enable individuals to undergo training and
assessments conveniently at home or in the community. In this review, a literature review approach was utilized to explore the
effectiveness of incentive spirometer intervention in alleviating long-term COVID symptoms. This study is to synthesize the findings
of articles published during January 2019 and December 2023 retrieved from PubMed/CINAHL/MEDLINE/ Google Scholar without
re-strictions on study type. We ultimately identified seven articles and have summarized similar past studies. This review could
contribute to improving symptoms related to long COVID by incentive spirometer respiratory training and serve as practical reference
material for clinical medical staff and provide insights for healthcare policymakers in de-veloping guidelines for future research
directions, clinical guidance, and educational strategies in the context of nursing care.
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Introduction

The coronavirus disease (COVID-19) pandemic, the most significant public health crisis of the 21st century, has rapidly
spread worldwide, with more than 7.8 billion confirmed cases by the end of July 2024. In Taiwan, 140.9 million
confirmed cases have occurred, as well as instances of reinfection.! After Taiwan’s COVID-19 expenses were reclassified
under the National Health Insurance coverage on March 20, 2023 within just nine months, the expenditure on Western
medicine primary care for addressing post-COVID care increased by 0.3 million USD, and hospital medical expenses
increased by 10.3 million USD.?

In the United Kingdom, statistics indicate that the cost of primary healthcare services within 12 weeks post-COVID-19
infection is approximately £2.44 to £5.72 (3.17 to 7.43 US dollar) per person. Within a year, patients who had contracted
COVID-19 experienced a 22.7% increase in primary healthcare consultations. The national cost for primary healthcare
consultations to support long-term COVID-19 patients is estimated to be around £23 million, but it could approach
£60 million,’ another statistics from the United States show that the monthly medical expenses increase by an additional
$223.60 following a diagnosis of COVID-19.* It is evident that the cost incurred by countries for post-treatment of COVID-19

is extremely substantial.
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However, challenges persist with the emergence of long-term complications associated with COVID-19, termed “long
COVID” by the World Health Organization (WHO). Long COVID refers to symptoms that appear 3 months after initial
infection with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the causative virus of COVID-19, and last for
at least 2 months, not attributable to other diagnoses. Long COVID has a chronic impact on multiple organ systems, with
symptoms including fatigue, cognitive impairment, chest tightness, palpitations, respiratory difficulties, and depression.’
Statistics from 2021 indicate that up to 80% of individuals experience symptoms related to long COVID, with less than 1%
achieving complete recovery within 80 days of SARS-CoV-2 infection.® Despite continuous efforts by healthcare profes-
sionals to identify suitable treatments, there is currently no confirmed medication to effectively prevent or reduce the sequelae
of COVID-19. This health issue significantly burdens individuals’ quality of life, the economy, and society. Improving the
aftermath of COVID-19 is a crucial global health issue in the post-pandemic era.’

According to current results, it is evident that developing a simple, low-cost respiratory training method that can be
easily used at home by those with long COVID symptoms is an important and urgent issue.

In the 1960s, Bartlett et al observed the potential benefits of yawning on postoperative patients’ lungs, leading to the
development of the tool to respiratory training. Over the years, it evolved into the incentive spirometer, a tool designed to
train inspiratory muscles commonly used in preventive role in atelectasis after cardiac surgery.® It guides patients to take
maximal inhalation, mimicking deep breaths taken during yawning or sighing, stretching the lungs, and dilating the
airways. Alexandra et al stated that it can provide information about the patient’s inspiratory effort by measuring the
airflow (FEV1) and air volume (FVC).” Due to its low cost and user-friendliness, the training intensity can be adjusted
according to the patient’s condition through duration and intensity, ensuring high safety.” However, to date, the role of
incentive spirometer respiratory training in long COVID symptoms is still limited. Thus, this review presents an
extensive exploration of existing literature to explore the effectiveness of incentive spirometer respiratory training in
alleviating symptoms among individuals recovering from long COVID. Additionally, non-invasive assessment methods
are compiled with the aim to assessment the effect of effectiveness of incentive spirometer respiratory training.

Methods

Definition

Long COVID reflects chronic damage to multiple organ systems, with fatigue and dyspnea being the most prevalent
symptom cognitive impairment (commonly described as brain fog), muscle pain, palpitations, anxiety, chest pain, and
arthralgia.” Even individuals with mild or asymptomatic SARS-CoV-2 infection may experience long COVID symptoms,
which encompass a broad range, including fatigue, headache, sleep disturbance, anxiety, and depression, and manifesta-
tions in specific organ systems such as cardiovascular and neurological systems. These symptoms may emerge newly
after the acute phase recovery from COVID-19 or persist following the initial diagnosis, exhibiting fluctuations over time
or relapses. Scholars, such as O’ Mahony et al, note that a substantial number of patients experience long COVID
symptoms for more than a year.'

Approximately 29% of patients experience shortness of breath 14-21 days after recovery, around 43% continue to
have persistent cough, and 20% report lung pain. Patients commonly report chest tightness during speaking or physical
activities. These symptoms significantly impact patients’ work and daily activities, leading to lifestyle changes and an
increased likelihood of stress, depression, irritability, and insomnia, which represent a substantial cost burden on both
primary and secondary healthcare."’

Search Strategy

In this review, a literature review approach was utilized to explore the effectiveness of IS intervention in alleviating long-
term COVID symptoms. This review is to synthesize the findings of articles published during January 2019 and
December 2023 retrieved from PubMed/CINAHL/MEDLINE/ Google Scholar without re-strictions on study type. The
search keywords included: COVID-19, COVID, SARS-CoV-2, Post-Acute COVID-19 Syndrome, Dyspnea, pulmonary
complications, Incentive Spirometer, breathing training, Pulmonary rehabilitation, Breathing Exercises, and Respiratory
rehabilitation. The references were checked, and the titles and abstracts of the references were searched to identify
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studies that met the following inclusion criteria: (1) participants had COVID-19 with long COVID; (2) quantitative or
qualitative measure of the lung function; and (3) reported clinical research (case report, case series, observative study, or
clinical trial). After locating the literature that met these criteria, additional material was identified and examined, before
being rechecked by the 2-author involved in this study. References were selected and reviewed based on their relevance
to the topics covered in this article. Also non-invasive assessment methods are compiled, with the aim to provide insights
for future clinical practice to address and improve long COVID symptoms. Results retrieved from Google Scholar were
a variety of types of formats: some were media releases, news chapters or personal opinion, many articles retrieved had
been published in nonrefereed journals and were therefore excluded. The PRISMA flow chart was presented in Figure 1
(Figure 1).

Results
Effects of Long COVID-19 on the Respiratory System

The respiratory system is well known to be the most severely affected by acute COVID-19, with patients experiencing
sustained respiratory impairment even after discharge. Recovery in the post-acute period also requires more time.
Although the exact cause is unclear, respiratory difficulties induced by COVID-19 affect patients’ quality of life.
Therefore, following recovery from COVID-19, patients require safe and effective rehabilitation strategies to cope
with this global health and economic crisis.'?

Previous studies have demonstrated that pulmonary function tests (PFT) and chest computed tomography results
remain abnormal several months after COVID-19 diagnosis, with the most common abnormality being diffusion
impairment, followed by restrictive ventilatory impairment.’ Indeed, combining findings from previous research on
SARS-CoV-2 infection, patients may experience persistent respiratory impairment for months or even years after
discharge,'® with issues such as cough, dyspnea, fatigue, and decreased lung function reported up to 8 weeks after
recovery. Ma et al, in a systematic review, pointed out that statistical data shows significant differences in lung function
tests at 6 and 12 months after contracting COVID-19, with results such as forced expiratory volume in one second <
80%, vital capacity < 80%, and Diffusion capacity of carbon monoxide < 80%."?

Previous studies have focused on the prevention and acute-phase treatment of COVID-19. Although organizations
such as the WHO, the Chinese Medical Association of Rehabilitation, and the European Respiratory Society/American
Thoracic Society have issued COVID-19 recovery guidelines, there remains a lack of specific recommendations for non-

Records identified from:
PubMed/CINAHL/MEDLINE/
Google Scholar (n=96)

Records identified from
ClinicalTrial. gov (n=3)

Records identified (n=99) Duplicated records excluded (n=30)
Removed for research not completed
. (n=3)
Records after duplicates
removed (n=60)
Excluded by title and abstract (n=14)

Full-text articles assessed Articles excluded:
for eligibility (n=46) 1. Expert opinion (n=11)
2. The research indicators are
psychological aspects (n=5)
Studies included in 3. Patient Volunteers are too specific
(n=4)
4. Patient Volunteers are limited to
Hospitalized or critically patients (n=6)

qualitative synthesis (n=7)

) ) ) 5. Intervention does not target at lungs
Studies included in (n=5)

Review (n=7) 6. The content is unrelated to this
discussion (n=8)

Figure | PRISMA flow chart in this study.
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invasive treatment and evaluative methods for long COVID. Given that pulmonary respiratory training has been proven
to alleviate respiratory difficulty and fatigue while enhancing self-management capabilities in patients with pulmonary
diseases (eg, interstitial lung disease and chronic obstructive pulmonary disease), it is also recommended to improve
respiratory-related symptoms in long COVID."" Existing studies also suggest short-term benefits of pulmonary respira-
tory training for patients, with no adverse events reported thus far.'* However, these recommendations are based on
expert consensus, and research evidence and clinical data still need to be improved.® Continuous research is essential to
ensure long-term effectiveness and determine the optimal training methods.'?

Respiratory Training in Long COVID

Pulmonary Rehabilitation in Long COVID

Previous study show that pulmonary rehabilitation has proven to be beneficial for patients with chronic obstructive
pulmonary disease (COPD) and asthma. Within the limited scope of research, evidence suggests that for individuals
without contraindications to exercise therapy, using an exercise-based rehabilitation program (adaptive pulmonary
rehabilitation) for patients recovering from COVID-19 may be beneficial in alleviating symptoms of respiratory distress.
Pulmonary rehabilitation reduces respiratory symptoms and enhances exercise tolerance.'? Such improvements may be
associated with chest expansion and respiratory muscle stretching during deep breathing exercises, leading to more
effective breathing patterns, increased respiratory muscle strength, and improved lung compliance in post-recovery
impact of COVID-19."> Research has demonstrated that Incentive spirometer can significantly improve lung function and
reduce complications such as pneumonia and pulmonary insufficiency.'®

Whole-body intensity training can be challenging for many patients with pulmonary diseases. These patients may find such
training extremely difficult, particularly when lung capacity is severely limited. They may also experience exercise-induced
hypoxemia/hypercapnia. However, a systematic review suggest that interval (acrobic) training may be slightly more effective
than whole-body intensity training.'” Although aerobic exercise has been greatly beneficial in improving cardiopulmonary
fitness in past studies,' performing aerobic exercises might be challenging for patients with post-COVID-19 symptoms.

Studies have explored how to best address post-recovery respiratory-related sequelae in patients with COVID-19.
Nopp et al conducted a 6-week pulmonary training intervention for COVID-19 survivors in Austria, with the results
indicating substantial improvements in exercise capacity, functional status, respiratory difficulty, fatigue, and overall
quality of life, significantly enhancing the exercise capacity of patients with long COVID.'® Moreover, in a randomized
controlled trial in China, Liu et al administered a series of respiratory muscle and diaphragmatic training exercises, along
with commercial handheld resistance devices for respiratory training, to a group of elderly individuals who had recovered
from COVID-19. The results showed significant improvements in lung and respiratory function, quality of life, and
anxiety after 6 weeks of respiratory rehabilitation training.'® Therefore, pulmonary rehabilitation could be an important
role for individuals experiencing dyspnea in post COVID-19, with the risk level of training being relatively low.

Pulmonary rehabilitation is effective in reducing symptoms and improving health status. However, a study by Tsutsui
indicated that some significant barriers to this approach have impeded its implementation in the community. These
include variable use of skills by patients and inadequate resources for health professionals.*

Exercise-based rehabilitation programs have been reported to attenuate breathlessness in patients recovering from
COVID-19.2' At present, considerable heterogeneity exists between rehabilitation programs, but common components
include aerobic/resistance exercise and symptom management. To date, the effectiveness of breathing exercises and
retraining post-COVID-19 has not been clearly assessed. One review of breathing exercises for the management of
asthma showed positive outcomes.”> However, another review indicated no evidence to support the use of breathing
exercises in patients with dysfunctional breathing.>> Although the evidence remains insufficient, breathing training is
considered to be potentially valuable for people who have difficulty breathing after COVID-19. The recommendations by
Singh et al have indicated that further research directions can focus on breathing control, breathing pattern training, and
inspiratory muscle training to determine which exercise-based rehabilitation should be delivered.**

The management of desaturation post-COVID-19 or in long COVID has not been widely reported to date. However,
according to an official American Thoracic Society clinical practice guideline, a pragmatic approach would be to use ambulatory
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oxygen support in patients who benefit once underlying causes have been managed.? Therefore, selecting an appropriate method
to train the inspiratory muscles used in pulmonary rehabilitation in post-COVID or long COVID may be important.

Incentive Spirometer Respiratory Training
Incentive spirometer, a tool designed to used in pulmonary rehabilitation. It guides patients to imitate sustained maximum inhalation,
mimicking the motion of yawning, providing visual feedback to encourage and assist patients in slow and deep inhalation. This
process helps the patient to open collapsed lung spaces, allowing lung expansion and airway clearance, with recent research
confirming its effectiveness in increasing the maximal inspiratory volume. Owing to its low cost and user-friendly nature, the training
intensity can be adjusted, through duration and intensity, based on the patient’s condition, offering high safety.”®

The incentive spirometer is a handheld mechanical breathing device that uses a one-way valve to prevent exhalation. It
consists of a corrugated tube and a nozzle connected to three consecutive plastic chambers, each containing a ball (Figure 2).
The external chambers are marked with the minimum flow required to raise the ball internally. The ball rises when the patient
performs slow, deep breathing through the nozzle. If the patient breathes too quickly, the balls in the chambers rise to the top,
and if breathing is too slow, the balls fall to the bottom. The number of increasing balls measures the volume of inhaled air.
When all three balls reach the top of the chambers, the patient’s flow rate can reach 1200 mL/sec. After the patient has
maximized their inhalation, they are asked to hold the balls in the same position for more than 3 sec. Once inhalation is
completed and maintained appropriately, the patient is instructed to remove the nozzle, allowing gravity to return the balls to
their original position, completing one cycle of inspiratory training.”*” The incentive spirometer is widely used in physical,
speech, and respiratory therapy, as well as in preventing postoperative pulmonary infections and improving sputum clearance.

Incentive Spirometer Respiratory Training in COVID-19 and Long COVID
The role of the incentive spirometer in alleviating COVID-19 symptoms is well-known, and numerous studies have also
demonstrated its effectiveness in easing breathing difficulties and preventing lung collapse. Patients with COVID-19 may
benefit from incentive spirometry via the improving ventilation/perfusion mismatch and alveolar-PaO, gradient, which
are followed by reduced intrapulmonary shunting and the risk of atelectasis.*®

Studies have demonstrated that during the COVID-19 pandemic, outpatients who used the incentive spirometer for
respiratory exercises daily within 30 days of confirmed recovery experienced a significant increase (of 16%) in maximal
inspiratory volume, with no reported reduction in inspiratory volume, coughing, or fever.'® Furthermore, Garcia et al conducted
a pilot study on hospitalized patients with moderate COVID-19 to evaluate whether the use of incentive spirometry demonstrated
clinical significance in preventing acute respiratory distress syndrome. As a result, the participants were found to have an
improved PaO,/FiO, ratio, improved chest X-ray findings, shorter hospital stays, and earlier improvement of symptoms.*

Moreover, in the research on COVID-19 survivors, Srinivasan et al compared a respiratory physiotherapy program based
on a combination of pursed lip breathing exercises and a yoga and pranayama form of breathing exercise with breathing

Figure 2 Structure of incentive spirometer.
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exercises performed with incentive spirometry in COVID-19 survivors. The results revealed significant improvements in post-

test forced expiratory volume in one second (FEV1) in both groups; however, no further training details were provided.*°

In this section, a literature review is presented some research related to the incentive spirometer in COVID-19 in

Table 1 and Supplementary Appendix. The study findings by Gudivada et al suggested that the anxiety/depression scores

Table | Characteristics of Included Studies in Incentive Spirometer Respiratory Training

2022, single-blind

clinical trial*®

C: Diaphragm breathing
exercise

C: Diaphragm breathing exercise

References Study Sample Size Comparison Groups Treatment Regimen Outcomes

Design

Abodonya et al. Saudi | E: 21; C: 21 E: Inspiratory muscle E: 6 inspiratory cycles with 5min of I. Pulmonary function (FEVI, FVC, DSI)

Arabia, 2021, quasi- training ang incentive resisted inspiration, followed by 60- 2. Exercise capacity (6-MWT)

RCT?! spirometer exercise second rest time in each cycle (device- | 3. QoL (EQ-5D-3L)

C: Incentive spirometer based: threshold PEP) 4. Dyspnea severity index (DSI)
exercise C:NR

Garcia & Sarena. 10 E: Incentive spirometer E: Incentive spirometer I. Development of ARDS rate

Philippines, 2022, C: Non- Incentive C: Non- Incentive spirometer 2. Worsening of pneumonia

RCT? spirometer 3. PaO2/FiO2 ratio

4. Length of stay
Srinivasan et al. India, | 48 E: Pursed lip breathing E: Pursed lip breathing exercise with The Pulmonary Function Testing with the FVC & FEV
2021, RCT*® exercise with bhastrika bhastrika pranayama for 4-5 seconds
pranayama 20-25 times
C: Received Incentive C: Received Incentive spirometry 5-10
spirometry times

Gudivada et al. India, 100 E: Incentive spirometer E: Incentive spirometer Anxiety/depression scores and lung function

2023, cross-sectional C: Non- Incentive C: Non- Incentive spirometer

and open-label spirometer

randomized

interventional

design®?

Hsu et al. Taiwan, NR NR Respiratory muscle training, chest I. Modified Borg scale (MBS)

2022, case report’> expansion, resisted diaphragmatic 2. Modified Medical Research Council (mMRC)
training, aerobic cycle endurance 3. Chronic Obstructive Pulmonary Disease
training, resistance training and home assessment test (CAT)
exercises, including incentive 4. Grip strength test
spirometer training and lip breathing 5. SARC-F
training. 6. Short Physical Performance Battery (SPPB)

7. 6-min walk test

8. Incentive spirometer to measure lung volume.
9. Barthel Index (BI)

10. Post-COVID-19 Functional Status scale (PCFS)
I'l. Fatigue severity scale (FSS)

12. Pittsburgh Sleep Quality Index (PSQI)

13. Beck Anxiety Inventory (BAI)

14. Taiwanese Depression Questionnaire (TDQ)
I5. EuroQOL 5-level EQ-5D (EQ-5D-5L)

16. Visual analog scale (VAS)

17. World Health Organization Quality of Life-
BREF (WHOQOL-BREF)

Kusumawardani et al. | E: 10; C: 10 E: Incentive spirometry E: Incentive spirometry exercise I. PEF (L/min)

Indonesia, 2023, exercise

RCT** C: Diaphragmatic C: Diaphragmatic breathing exercises. 2. A PEF (L/min)

breathing exercises.
Suharti etal. Indonesia, | E: 24; C: 21 E: Incentive spirometry E: Incentive spirometry I. 4-meter gait time test (4MGT)

2. 30 sit-to-stand test (30STS)

Abbreviations: E, experiment group; C, control group; PEP, positive expiratory pressure; FEVI, forced expiratory volume in one second; FVC, forced vital capacity;
6-MWT, 6-min walk test; QoL, quality of life; Eq-5D-3L, EuroQuality-5Dimensions-3Levels questionnaire; DSI, dyspnea severity index; mMRC dyspnea score, modified
British Medical Research Council dyspnea score; PEF, peak expiratory flow;; NR, not reported.
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of COVID-19 survivors were significantly decreased with 4 weeks of incentive spirometry exercises compared to
standard of care alone. Incentive spirometer-based breathing exercises for psychosomatic rehabilitation in COVID-19
survivors with persistent pulmonary dysfunction could release the dyspnea. The study indicated that clinicians must be
mindful of improvements in anxiety and depression with incentive spirometer, in addition to gains in respiratory function
of COVID-19 survivors.*® In another study by Curci et al,’® participants were managed with both breathing exercises
with the pep bottle (forced inhalation/exhalation) and use of an incentive spirometer (30 min/set, 2 times a day for the
duration of hospitalization); the Barthel Index, modified Medical Research Council Dyspnea Scale, 6-Minute Walking
Test, Borg Rating of Perceived Exertion Scale, arterial blood gas analysis, and serum levels of laboratory markers
showed improvement in the participants’ post-acute COVID-19 status.>* Interestingly, in the study by Gudivada et al,
100 patients with COVID-19 with pulmonary dysfunction were randomized (incentive spirometry vs controls), and
anxiety/depression scores and lung function were reevaluated after 4 weeks. Not only was the lung function was
improved but the anxiety/depression rates were also reduced with incentive spirometer-based exercises.>’

In a case study by Hsu et al, a female patient who was severely ill and functionally dependent and required long-term
oxygen therapy after recovery from COVID-19 with acute respiratory failure and extensive pulmonary fibrosis was
evaluated. After two months of comprehensive pulmonary rehabilitation program, and was advised to use incentive
spirometry at home daily, her physical performance, pulmonary function parameters, and activities of daily living rapidly
improved.®® Furthermore, Kusumawardani et al compared ten COVID-19 survivors in an experimental group who
performed incentive spirometry exercise and ten survivors in a control group who performed diaphragmatic breathing
exercises. Both exercises were performed five times daily, with ten repetitions each for four weeks.?’

The results indicated a significant increase in peak expiratory flow in the experimental group. Incentive spirometry
exercise could be an alternative therapy to improve the pulmonary function of COVID-19 survivors** (Figure 3).%° 7

At present, few studies have investigated the symptoms of long COVID or in COVID-19 survivors. Moreover,
establishing the role of incentive spirometry in subsequent rehabilitation treatment remains a critical issue. The use of an
incentive spirometer in long-term COVID may represent a worthwhile cost-saving intervention.”® However, it is
important to ensure proper training and technique. The use of an incentive spirometer in patients with long COVID
patients may help improve how clinical nurses care for this patient population. In addition to determining the role of the

incentive spirometer in long COVID, it is also important to effectively assess its effectiveness.

«nmmumn\

‘“\‘ i
— /

Quality of Life

Reduce Hospitalization
Reduce Coughing
Reduce Dyspnea
Decreasing Fatigue
Lung Expansion

Figure 3 Benefits of Incentive Spirometer respiratory rehabilitation.
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However, several studies have been published that take the opposite view as to whether incentive spirometer actually
has benefits in patients with COVID-19.

Other Opinions Related to Incentive Spirometry for Patients with COVID-19 and Long COVID
Studies from both China®® and Ttaly*® have suggested that to avoid aggravating respiratory distress, early respiratory
rehabilitation should not be initiated. For critical inpatients, the early performance of pulmonary rehabilitation is also not
recommended.*' Even in the acute phase, incentive spirometry, respiratory muscle training, and aerobic exercise are not
recommended to avoid lung injury.*® However, in the post-acute phase, inspiratory muscle training should be included if
the inspiratory muscles are weak.*? In fact, there are still no significant results demonstrating organ injury resulting from
incentive spirometry, and incentive spirometry has been successfully used in a variety of other diseases involving lung
injury.?®

Seyller et al recommend incentive spirometry might not be the best intervention in COVID-19 or long COVID
because of the lack of trials. However, the potential for it to be a cost-saving measure should be considered.*®

Although these different opinions and results that incentive spirometry training may or may not has benefit in
COVID-19, the studies all indicated that more randomized-controlled trials are necessary to further assess the use of
incentive spirometry in patients with COVID-19 and survivors.

To provide clinical medical staff with an assessment of the effectiveness of respiratory training, in the following
paragraphs, a literature review is presented to introduce a series of methods to evaluate the effectiveness of noninvasive
breathing training.

Non-Invasive Assessment Methods in Long COVID Symptoms

Hemoglobin and Oxygen Levels

While respiratory medicine guidelines focus on arterial partial pressure of oxygen (PaO,) and arterial oxygen saturation
(Sa0,), the arterial oxygen content (Ca0,) is the parameter that is most relevant to oxygen delivery to tissues. CaO,
represents the amount of oxygen delivered to tissues per unit of blood volume. When breathing room air, almost all
oxygen in the blood is bound to hemoglobin (Hb), and each gram of blood Hb, when fully saturated, can transport
approximately 1.34 mL of oxygen. Therefore, CaO, can be calculated as Hb x SaO, x 1.34/100 (mL/dL), where SaO, is
expressed as a percentage. Studies indicate that CaO, is primarily determined by Hb, with an increase in Hb of 1 g/dL.
leading to a 1.10-fold increase in CaO,. The correlation between SaO, and CaO, is less evident. Thus, in a prolonged
adaptive state, Hb is a crucial determinant of CaO,, allowing the pulmonary function to be estimated.*®

Post-COVID-19 Functional Status (PCFS) Scale

Considering the substantial number of COVID-19 survivors globally, scholars such as Klok believe that there is a need
for a simple and reproducible tool to differentiate those recovering slowly or incompletely to assist in the rational
allocation of medical resources and standardized research assessments. Hence, the PCFS scale is an ordinal for assessing
patients’ comprehensive functional limitations. This scale can track patients’ improvement over time, answer clinically
meaningful questions, and serve academic research purposes. Assessment methods include patient self-reports or formal
standardized interviews. The PCFS scale was initially designed to monitor recovery at discharge, 4 and 8 weeks post-
discharge, and assess various sequelae at 6 months.** Although the Chinese version of the PCFS scale has not undergone
validity testing, previous studies have affirmed its applicability in evaluating the impact of post-COVID-19 functional

status and detecting functional limitations associated with various persistent symptoms.*>

Six-Minute Walk Test (6MWT)

The 6MWT, which was officially introduced by the American Thoracic Society in 2002, is an exercise test designed to monitor
a patient’s physical condition. Initially used for patients with cardiopulmonary issues, the test has found widespread
application in assessing patients with various diseases over time because it not only evaluates aerobic capacity and endurance
but also provides information on other systems during physical activity, including the pulmonary and cardiovascular systems,
neuromuscular units, and body metabolism, offering valuable insights into functional capacity.*’
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The 6MWT is a safe test with minimal complications and requires no complex equipment or techniques. During the test,
patients are instructed to walk back and forth along a flat, unobstructed 30-m path for 6 min. This metric can be used to
determine treatment responses and predict the incidence and mortality rates of chronic respiratory diseases.*’ A literature
analysis by Bellet et al found strong test—retest reliability in studies evaluating repeated 6-min walk distances. In another
study by Ferioli et al, the 6o MWT was used to evaluate low SpO, or desaturation. Data from the participants showed that the
6MWT and saturation and distance—saturation product at 6 months were correlated positively with the percent predicted low
SpO, or desaturation. These results indicate that the 6SMWT is a useful test in post-COVID-19 follow-up as it correlates with
the severity of acute disease in the chronic phase of COVID-19.*

Among cight articles assessing the standard concurrent validity of the 6MWT, four demonstrated moderate to high
correlations between the 6-min walk distance and maximal power, oxygen consumption, and maximum metabolic
equivalents during symptom-limited exercise tests.*’ In a previous meta-analysis, Chen et al also used the 6MWT as
an outcome measure to evaluate inspiratory muscle training in patients with COVID-19.°° The 6MWT is also a simple
method that can be used to evaluate the effectiveness of respiratory training in long COVID.

Dyspnoea-12 (D-12) Scale

The D-12 scale, introduced in 2010, employs a multidimensional approach to evaluate dyspnea, particularly its sensory
and emotional dimensions. Comprising 12 descriptors of dyspnea, the scale divides item scores into sub-scores
representing physical and emotional domains, allowing for a more comprehensive assessment of the impact of dyspnea
on patients.”’

The D-12 scale, which was specifically designed to assess various sensations of dyspnea, consists of 12 questions,
each scored by intensity ranging from 0 for mild symptoms to 3 for severe symptoms. The total score is the sum of all the
item scores, with six questions addressing the sensory aspects of dyspnea and another six addressing the emotional
aspects. The D-12 scale serves as a valuable tool for assessing the severity of dyspnea and has become a standard
instrument for measuring dyspnea severity in international trials.>!

The D-12 scale can assess a patient’s current experiences of dyspnea in daily life and has been widely used for at least
a decade, with demonstrated reliability and effectiveness in measuring various dimensions of dyspnea in different

52754 and languages.®'**>>3® The Chinese version of the scale, which has been assessed for its reliability

populations
and validity by Choi et al, showed high internal consistency in the physical domain (Cronbach’s alpha = 0.88) and
moderate item-total correlations ranging from 0.37 to 0.65. Similarly, the emotional domain displayed high internal
consistency (Cronbach’s alpha = 0.91).>> The results by Milne et al indicated that dyspnea in patients post-COVID-19 is
associated with abnormal pulmonary gas exchange and deconditioning as well as anxiety, depression, and post-traumatic
stress.”’ Long COVID can cause symptoms of anxiety and depression; therefore, the D-12 scale can be used to
simultaneously assess changes in patients’ respiratory and emotional symptoms.

However, the study by Philip et al indicated that in patients post-COVID-19 who received an online breathing and
wellbeing program intervention, the D-12 scale score showed decreasing, but there was no improvement in body
composition. Philip et al suggested that the experience of dyspnea and its emotional impact were lessened; however,
future research is needed to elucidate the mechanisms of influence.”®

Another study performed measurements using both the 6MWT and D-12 scale to compare the effect of respiratory
exercises in patients with COVID-19. It is obvious that the 6SMWT and D-12 scale can be used in patients with COVID-
19 to evaluate the effectiveness of the intervention.”

A previous study comparing the D-12 scale with other tools also suggested that although the Borg Breathlessness
Scale or MRC dyspnea scale are commonly used, the D-12 scale could explore the multidimensional components of
breathlessness such as sensations of breathlessness, air hunger, or chest tightness.**

Long COVID Symptoms and Impact Tools

In 2021, Tran et al constructed the long COVID symptom and impact tools based on responses from an open-ended
questionnaire survey of 492 individuals experiencing long-term COVID symptoms to establish a convenient tool for
patients’ self-assessment. The questionnaire comprised five open-ended questions, initially exploring the actual
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symptoms that patients were experiencing. Subsequently, the researchers assessed the impact of long-term COVID on
patients’ lives based on their descriptions. Finally, the participants rated their perception of the effects of long-term
COVID on a scale from 0 to 10.

The tool was validated in 1022 participants, and the scores exhibited strong correlations with health-related quality of
life (EQ-5D-5L) (r* = —0.45 and r*> = —0.59, respectively), PCFS (1 = -0.39 and r* = —0.55), and MYMOP2 (r* = -0.40
and > = —0.59). The tools constructed on the basis of patients’ lived experiences proved useful for monitoring long
COVID symptoms.*°

Discussion

Long COVID, also known as chronic or post-acute sequelac of SARS-CoV-2 infection (PASC), is characterized by
enduring symptoms and impairments persisting beyond 2—3 months following the acute phase resolution of COVID-19,
with these manifestations not explainable by alternative diagnoses. Long COVID is characterized by a spectrum of
clinical manifestations impacting multiple organ systems. These include, but are not limited to, pulmonary, cardiovas-
cular, gastrointestinal, endocrine, and neuropsychiatric involvements.®'**> The condition presents a diverse array of
symptoms affecting these systems, reflecting its systemic and multifaceted nature.

Furthermore, diagnostic and assessment tools such as chest X-rays, the PCFS scale, the 6MWT, the D-12 questionnaire,
Long COVID symptom and impact assessment instruments, as well as hemoglobin and oxygen saturation measurements, are
instrumental in evaluating pulmonary function, exercise tolerance, and changes in oxygen saturation as required. In cases
where patients exhibit cardiopulmonary symptoms such as chest pain, palpitations, or syncope, diagnostic modalities
including electrocardiography, cardiac troponin levels, N-terminal pro-brain natriuretic peptide measurements, echocardio-
graphy, or more comprehensive cardiac evaluations are essential to assess cardiac function. Management of underlying
pathologies indicated by these “red flags” should take precedence to mitigate safety concerns before intervention.®’

In previous study, we have indeed observed the positive effects of IS on the PCFS scale,33 the 6MWT,3 ! exercise
ability,” the Dyspnea severity index,’' and overall quality of life.*?

This review highlights the role of incentive spirometry in alleviating COVID-19 symptoms, with some research
validating its effectiveness in easing respiratory distress and preventing lung collapse. The use of an incentive spirometer
for respiratory exercises can significantly increase the maximal inspiratory volume while reducing symptoms like dyspnea
and coughing.'® Even in hospitalized patients with moderate COVID-19, respiratory training using an incentive spirometer
has shown improvements in the PaO2/FiO2 ratio,”’ Pulmonary function (FEV1, FVC, PEF),***'** anxiety/depression
scores,®>” and chest X-rays.”” This not only reduces the length of hospital stay but also facilitates early symptom
improvement.?’ Similarly, the study by Srinivasan et al indicates that after the intervention, there was a significant increase
in FVC and FEV1 in patients with long COVID.*® Gudivada et al also conducted an intervention using an incentive
spirometer in patients with post-COVID PFT abnormalities. The results showed that after four weeks of intervention, 50%
of the patients recovered normal lung function, whereas only 33% of the control group, who did not receive the intervention,
regained normal lung function.’” Kusumawardani et al and Suharti et al compared diaphragmatic breathing exercises and
the using incentive spirometer, finding that although both improved lung function, the incentive spirometer had a greater
impact on patients compared to diaphragmatic breathing exercises.”'~”

This elucidates that the incentive spirometer is an efficacious tool for respiratory rehabilitation, instrumental in re-
expanding collapsed alveolar structures, enhancing pulmonary expansion, and promoting clearance of the airways.

Contemporary research corroborates its role in augmenting maximal inspiratory capacity. Owing to its cost-effectiveness
and ease of operation, the incentive spirometer allows for individualized adjustments in training intensity—both in duration
and force—congruent with the patient’s clinical status, whilst upholding an elevated safety profile. Nonetheless, patients
enduring Long COVID are counseled to vigilantly observe the emergence, persistency, and severity of symptom exacerba-
tions, in addition to recognizing their physiological constraints. This is aimed at concurrently managing symptom flare-ups
and incrementally intensifying rehabilitative activities. Execution of such methodologies permits patients to equilibrate
physical exertion with rest, thereby optimizing their recuperative journey without inducing undue strain.

Presently, empirical evidence regarding the application of incentive spirometry in ameliorating Long COVID
symptoms remains limited. Given its substantiated efficacy in alleviating respiratory symptoms during the acute

5242t International Journal of General Medicine 2024:17

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Chen and Hsieh

COVID-19 phase, there is a pressing need for further investigative endeavors to ascertain its utility in the long-term
management of symptoms, particularly in ambulatory patient populations. As widely acknowledged, the respiratory
system is profoundly affected by the acute symptoms of COVID-19. Patients often experience persistent respiratory
impairments even after discharge, and the recovery period in the post-acute phase tends to be prolonged. Considering the
increasing prevalence of non-hospitalized, mild COVID-19 cases, establishing a simple yet effective respiratory training
regimen that can be conducted at home is crucial to mitigate the long-term effects of COVID-19 on patients with chronic
conditions. This literature review aims to explore the effectiveness of incentive spirometer respiratory training in
alleviating symptoms among individuals recovering from long COVID. Also, non-invasive assessment methods are
recommended with the aim to enable individuals’ patients to undergo training and assessments conveniently at home or
in the community. However, this paper still has many research limitations. Firstly, COVID-19 remains an emerging
infectious disease. Although there has been extensive research since 2019, there is still a lack of literature on its chronic
sequelae and long-term rehabilitation strategies. Additionally, to date, studies on the use of incentive spirometers in
COVID-19 or long COVID patients remains insufficient, and there is a lack of long-term effectiveness studies involving
generational research. Secondly, few studies have focused solely on the use of incentive spirometers for long COVID.
Thirdly, most papers are based on single case reports.

Conclusion

In conclusion, convenient, simple, and highly safe training measures and interventions are crucial for patients in the
community requiring long-term care. The duration of Long COVID can extend from several months to several years. For
clinical and community healthcare professionals, as well as caregivers, providing a method that allows for ongoing
rehabilitation and minimizes hospital visits is of significant value. Our findings will contribute to a better understanding
of the efficacy of incentive spirometer respiratory training in improving symptoms related to long COVID, serve as
practical reference material for clinical practitioners, and provide insights for healthcare policymakers in developing
guidelines for future research directions, clinical guidance, and educational strategies in the context of nursing care.
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