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Abstract 

Background  Small airways disease (SAD), a novel finding described in post-acute COVID-19 patients, should be sus‑
pected when respiratory symptoms continue, air trapping persists on expiratory CT scans, and imaging findings fail 
to improve despite objectively better conventional pulmonary function test (PFT) parameters. The forced oscillation 
technique (FOT) and Multiple breathing washout (MBW) are both very sensitive methods for detecting anomalies 
in the peripheral airways.

Case presentation  We discuss the case of a 60-year-old  Hispanic patient who had severe COVID-19 pneumonia 
and developed dyspnea, fatigue, and limited daily activity a year later. The PFTs revealed restrictive lung disease, 
as seen by significant diffusing capacity of the lungs for carbon monoxide (DLCO) decrease, severe desaturation, 
and poor 6-min walk test (6MWT) performance. The patient was treated with lowering corticosteroids as well as pul‑
monary rehabilitation (PR). During the 24-month follow-up, the dyspnea and fatigue persisted. On PFTs, 6MWT per‑
formance and restricted pattern improved slightly, but MBW discovered significant ventilatory inhomogeneity. FOT 
revealed substantial peripheral airway obstructive abnormalities. On CT scans, air trapping and ground-glass opacities 
(GGO) improved somewhat. The patient used a bronchodilator twice a day and low-dose inhaled corticosteroids 
(160 µg of budesonide and 4.5 µg of formoterol fumarate dihydrate) for nine months. PR sessions were resuming. 
The restricting parameters were stabilized and the DLCO had normalized after 36 months, with a 6MWT performance 
of 87% but significant desaturation. The CT scan revealed traction bronchiectasis, low GGO, and persistent air trap‑
ping. Without normalization, FOT and MBW scores improved, indicating small airway disease.

Conclusions  The necessity of integrating these tests when detecting SAD is emphasized in our paper. This article lays 
the foundation for future research into the best ways to manage and monitor SAD in post-acute COVID-19 patients.
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Background
Post-acute COVID-19 syndrome (PACS) afflicts more 
than half of patients two years after the acute phase, plac-
ing a significant burden on individuals and the health-
care system [1]. Conventional pulmonary function tests 
(PFTs) and imaging studies, such as computed tomogra-
phy (CT) scans, are used to follow up post-acute COVID-
19 patients [2]. However, small airway disease (SAD), as a 
potential cause of persistent clinical symptoms and imag-
ing abnormalities, has received little attention [3]. SAD is 
the inflammation of peripheral bronchioles with ≤ 2 mm 
internal diameter due to direct bronchiole or vascular 
lesions, or by immune responses associated with inter-
stitial and bronchial alterations [4]. Non-conventional 
PFTs, such as the forced oscillation technique (FOT) and 
multiple breathing washout (MBW) [5], can detect SAD 
and complement conventional tests. We present a case 
of persistent respiratory symptoms assessed by CT scan, 
FOT, and MBW over a period of three years, attributable 
to the SAD findings.

Case presentation
In April 2020, a 60-year-old Hispanic patient developed 
severe COVID-19 pneumonia that was treated at home 
because the healthcare system was oversaturated. The 
initial CT scan revealed bilateral ground-glass opacities 
(GGO) and lung parenchymal consolidations (Fig.  1). A 
year after the acute infection, the patient had persistent 
dyspnea, fatigue, and a limited ability to resume daily 
activities. The PFTs revealed restrictive lung disease with 
a moderate decrease in DLCO, significant desaturation, 
and poor performance on the 6-min walk test (Table 1). 
CT scans of the chest revealed air trapping during the 
expiratory phase as well as structural lesions in the 
parenchyma: bilateral diffuse GGO associated with bron-
chiectasis and interlobular septal thickening (Fig. 2). The 
patient was given corticosteroids, which were gradually 
tapered off, oxygen via a nasal cannula, and pulmonary 
rehabilitation (PR).

At the 24th-month follow-up, the patient still experi-
enced dyspnea and exhaustion during exercise. pulmo-
nary function tests revealed a modest improvement in the 
6-min walk test performance percentage and restrictive 
pattern (Table  1). Forced oscillation technique revealed 
severe obstructive changes in the peripheral airways, 
which were consistent with multiple breathing washout 
findings of significant ventilatory inhomogeneity. Com-
puted tomography scans showed a mild improvement 
in air trapping and ground-glass opacities (Fig.  3). The 
patient began taking a bronchodilator twice daily for 
nine months, along with low-dose inhaled corticosteroids 

(160 µg of budesonide and 4.5 µg of formoterol fumarate 
dihydrate). The PR sessions were also reinstated.

After 36  months, the restrictive parameters remained 
stable and the DLCO remained within normal ranges, 
with a performance of 87% in the 6MWT but still having 
significant desaturation (Table 1). The CT scan revealed 
that the traction bronchiectasis had persisted, with 
reduced GGO and air trapping (Fig.  4). Furthermore, 
FOT and MBW measurements showed an improvement 
in scores without normalization, classifying the patient as 
having small airway disease. As a result of these findings, 
we decided to perform a Cardiopulmonary Exercise Test 
(CPET), which resulted in a significantly lower VO2peak 
(16.2  ml/min/kg, 56% predicted), a low peak oxygen 
pulse, inefficient ventilation, and an elevated maximum 
heart rate (Table 1). The patient was referred to the cardi-
ology service for further workup.

Discussion and conclusions
Post-acute COVID-19 syndrome (PACS) is present in 
more than half of patients, even after 2 years of acute dis-
ease [1, 3, 6]. Fatigue and dyspnea are the most common 
manifestations [1, 7]. Current literature has described 
the most common effects of SARS-CoV-2 on lung 
structure and function as altered diffusion capacity and 
restrictive and obstructive patterns [6]; however, little is 
known about the role of SAD.

Our patient’s CT showed persistent findings of GGOs 
and air trapping. More than 50% of CT scans of post-
acute COVID-19 patients reported air trapping [8, 9], 
which has been correlated with more severe long-term 
outcomes despite the severity of the acute infection [10]. 
Air trapping is explained by capillary wall injury and 
small airway wall thickening as partial or complete air-
way obstruction in regions of the lung induced by pro-
inflammatory factors [3]. Air trapping on a chest CT 

Fig. 1  Initial computed tomography (CT) scan showing bilateral 
consolidations and ground-glass opacities involving most of the lung 
parenchyma
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Table 1  Pulmonary function tests during 36 months follow-up

Pulmonary function tests Months of follow-up post-acute COVID-19 infection

3 6 10 12 16 22 24 26 36

Spirometry

 FVC [L]

  Absolute value 1.06a 1.38a 1.57a 1.43a 1.63a – 1.65a – 1.64a

  Predicted (%) 39a 51a 59a 53a 62a – 62a – 62a

 FEV1 [L]

  Absolute value 0.92a 1.13a 1.24a 1.14a 1.30a – 1.35a – 1.32a

  Predicted (%) 44a 54a 60a 55a 63a – 66a – 65a

 FEV1/FVC [%]

  Absolute value 87 81.7 79.5 79.9 79.9 – 82 – 80.5

  Predicted (%) 113 106 101 102 102 – 105 – 103

DLCO

 DLCO [ml/min/mmHg]

  Absolute value 8.3a 11.7a 10.3a 10.6a 11.3a – 17.1 – 15.2

  Predicted (%) 41a 58a 51a 52a 56a – 85 – 76

 DLCO/VA (KCO) [ml/min/mmHg]

  Absolute value 4.52 4.32 4.24 4.84 4.73 – 4.45 – 4.87

  Predicted (%) 85 82 80 91 89 – 84 – 92

 TLC sb [L]

  Absolute value 2 2.86 2.59a 2.34a 2.55a – 4 – 3.26

  Predicted (%) 51 72 65 59 65 – 101 – 83

 6MWT

  6-MWD (m) 264 359 390 – 390 – 339 – 405

  Performance (%) 55 75 81 – 85 – 72 – 87

  Basal SpO2 (%) 93 97 97 – 95 – 97 – 98

 Maximum desaturation 82 92 92 – 95 – 91 – 94

MBW

 FRC mb [L]

  Absolute value – – – – – – 1.01a 1.21a 1.31a

  Predicted (%) – – – – – – 49a 58a 63a

 LCI

  Absolute value – – – – – – 11.86a 13.57a 11.55a

  Predicted (%) – – – – – – 178a 203a 173a

FOT

 Rrs5 [cmH2O/(L/s)]

  insp Z score – – – – – 1.91a 1.42 0.96 1.51

  exp Z score – – – – – 2.09a 1.14 1.45 1.4

  tot Z score – – – – – 2.01a 1.25 1.26 1.45

 Xrs5 [cmH2O/(L/s)]

  insp Z score – – – – – − 3.09a − 3.01a − 2.31a 32.64a

  exp Z score – – – – – − 2.3a − 2.19a − 0.74 − 2.25a

  tot Z score – – – – – − 2.67a − 2.54a − 1.37 − 2.38a

 Rrs11 [cmH2O/(L/s)]

  insp Z score – – – – – 1.15 0.41 0.03 –

  exp Z score – – – – – 1.98a 1.02 1.27 1

  tot Z score – – – – – 1.65a 0.78 0.85 1.3

 Xrs11 [cmH2O/(L/s)]

  insp Z score – – – – – − 3.05a − 2.49a − 2.19a − 2.42a

  exp Z score – – – – – − 2.72a − 2.59a − 2.23a − 2.5a
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scan can serve as a biomarker of functional small airway 
disease [3], which is challenging to assess through tradi-
tional PFTs. This is because PFTs tend to remain normal 
until the disease has advanced to a stage where 2/3 of the 
bronchioles are already obstructed [10]. The GGOs occur 
as a result of persistent damage in the interstitium due 
to the ongoing residual inflammatory process by neutro-
phil extracellular traps (NETs) that persist even when the 
virus has cleared [11]. Both air trapping and GGOs can 
lead to a ventilation/perfusion mismatch, reducing oxy-
genation [8].

Patients presenting with air trapping and no airflow 
obstruction by spirometry, as observed in our patient, 
suggest the involvement of small rather than large 

airways [3, 10], which can be caused by mucus impaction, 
a primary abnormality of the pulmonary microvascula-
ture (endotheliitis and microthrombosis) or constrictive 
bronchiolitis that produce a ventilation/perfusion mis-
match [8]. It can be detected by two methods: oscillom-
etry and MBW through its lung clearance index (LCI) 
and Functional Residual Capacity (FRC) [5]. Both have 
shown advantages over spirometry as a way to monitor 
"silent" airway remodeling, being useful tools for tracking 
the progression of early structural airway disease that are 
currently undetected with spirometry [12, 13]. Oscillom-
etry has a high sensitivity for peripheral lung dysfunc-
tion, it is easy to perform in adults and non-cooperative 
patients and can identify lung disease earlier than con-
ventional PFT [14].

a Indicates value outside the normal range

FVC forced vital capacity, FEV1 forced expiratory volume in 1 s, DLCO diffusing capacity of carbon monoxide, VA alveolar ventilation, DLCO/VA (KCO) carbon monoxide 
transfer coefficient, TLC total lung capacity, 6-MWT 6-min walking test, 6-MWD 6-min walking distance, SpO2 peripheral oxygen saturation, FOT forced oscillation 
technique, Rrs5 resistance of respiratory system at 5 Hz, Xrs5 reactance of respiratory system at 5 Hz, Rrs11 resistance of respiratory system at 11 Hz, Xrs11 reactance of 
respiratory system at 11 Hz, Rrs19 resistance of respiratory system at 19 Hz, MBW multiple breath washout, FRC functional residual capacity, LCI lung clearance index, 
VO2 oxygen consumption, AT anaerobic threshold, HRR heart rate reserve, HR heart rate, VE/VCO2 ventilatory efficiency, VE/MVV ventilatory reserve

Table 1  (continued)

Pulmonary function tests Months of follow-up post-acute COVID-19 infection

3 6 10 12 16 22 24 26 36

  tot Z score – – – – – − 2.88a − 2.55a − 2.22a − 2.5a

 Rrs19 [cmH2O/(L/s)]

  insp Z score – – – – – 0.92 − 0.04 − 0.19 0.73

  exp Z score – – – – – 1.72a 0.71 1.27 1.03

  tot Z score – – – – – 1.4 0.42 0.78 0.92

  ΔXrs (M) – – – – – − 0.48 − 0.49 − 0.87 − 0.23

  R5-R19 insp (M) – – – – – 2.09 2.28 1.71 –

Cardiopulmonary exercise testing

 Peak VO2, mL/min/kg – – – – – – – – 16.2a

 Peak VO2, % predicted – – – – – – – – 56a

 AT, mL/min/kg – – – – – – – – 14.5

 AT, % predicted – – – – – – – – 54.5

 Breathing reserve, % – – – – – – – – 19.3

 HRR, % – – – – – – – –  < 1

 Peak heart rate, beats/min – – – – – – – – 6.4a

 Peak HR, % predicted – – – – – – – – 57.4a

 Peak O2 pulse, mL/beat – – – – – – – – 35.7a

 Peak O2 pulse, % predicted – – – – – – – – 80.69a

 VE/VCO2 slope – – – – – – – – 162a

 VE/MVV, % – – – – – – – – 103.18a

 Peak HR, % predicted – – – – – – – – 57.4a

 Peak O2 pulse, mL/beat – – – – – – – – 35.7a

 Peak O2 pulse, % predicted – – – – – – – – 80.69a

 VE/VCO2 slope – – – – – – – – 162a

 VE/MVV, % – – – – – – – – 103.18a



Page 5 of 7Cherrez‑Ojeda et al. Journal of Medical Case Reports          (2023) 17:386 	

Santus et al. [15] presented lung function tests based 
on complexity, which included FOT, Fractional Exhaled 
Nitric Oxide (FeNO), MBW, which are easily per-
formed on adults and non-cooperative patients, allow-
ing for earlier detection of SAD [3, 6, 16]. In the case 
of our patient, FOT and MBW results showed evidence 
of SAD, and FENO was within normal limits. These 
results may explain her exercise limitations, despite 
the normalization of PFT parameters [16, 17]. A study 
found abnormal oscillometry results in 88.1% of partic-
ipants at 2 months and 71.2% at 5 months, highlighting 
its effectiveness in detecting lung disease and monitor-
ing its progression [6].

Following the recognition of SAD, the question of what 
therapy may be offered to the patient arises. There is no 
consensus about the management of PACS with lung 
damage, and it varies according to the patient’s evolution. 
Bronchodilator therapy should be included in the treat-
ment plan since it can enhance functional outcomes [18]; 
however, how long it should be used is unknown. A study 
found that the use of inhaled long-acting bronchodilators 
or oral and/or inhaled corticosteroids three months after 
COVID-19 resulted in improved quality of life 15 months 
later [17]. In the present case, a long-acting beta 2-ago-
nist (LABAs) and inhaled corticosteroid for 9  months 

were initiated, showing an improvement in oscillometric 
and MBW measurements after a year of follow-up.

Although there is current interest in SAD as a cause 
of symptom persistence in post-COVID patients, little 
is known about the appropriate therapeutics for this 
subset of patients. Maximizing drug deposition at the 
site of disease is crucial, and selecting the appropriate 
drug molecule and inhaler device plays a vital role in 
achieving this goal [15, 19]. Further research is needed 
to determine if smaller particle aerosols should be 
employed as extra fine inhaled formulations to target 
distal airways in post-COVID individuals with symp-
toms of SAD and for how long.

It is unclear to what extent pulmonary sequelae may 
persist, and more studies need to be done. There is 
no consensus about the diagnostic and therapeutic 
approach in patients with persisting exercise limita-
tions and dyspnea after COVID-19. It is important to 
note that a multidisciplinary approach that includes 
small airway assessment using FOT and MBW might 
help identify the causes and address the therapeutic 
interventions. Our report paves the way for further lon-
gitudinal studies to determine whether these findings 
improve over time or whether they lead to persistent or 
progressive lung disease.

Fig. 2  12-month follow-up computed tomography scan 
showing mild, diffuse, bilateral ground-glass opacities associated 
with bronchiectasis in the upper and lower lobes of the lungs. Air 
trapping area in the posterior segments of the upper lobes and in the 
basal segments of the anterior lower lobes, evident in the expiratory 
phase

Fig. 3  24-month computed tomography scan follow-up with mild, 
diffuse, bilateral ground-glass opacities associated with septal 
thickening interlobular as well as traction bronchiectasis in the lower 
lobes with a right predominance and images dense subpleural lines, 
compatible with areas of pneumonitis associated with pulmonary 
interstitial changes, with images of bilateral air trapping
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