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ABSTRACT
Introduction: Thoracic ultrasound (TUS) has proven useful in the diagnosis, risk stratification and 
monitoring of disease progression in patients with coronavirus disease 2019 (COVID-19). 
However, utility in follow-up is poorly described. To elucidate this area, we performed TUS as 
part of a 12-month clinical follow-up in patients previously admitted with COVID-19 and corre-
lated findings with clinical assessment and pulmonary function tests.
Methods: Adult patients discharged from our hospital following admission with COVID-19 during 
March to May 2020 were invited to a 12-month follow-up. Enrolled patients were interviewed 
regarding persisting or newly developed symptoms in addition to TUS, spirometry and a 6-min 
walk test. Patients were referred to high-resolution computed tomography (HRCT) of the lungs if 
suspicion of pulmonary fibrosis was raised.
Results: Forty patients were enrolled in the study of whom had 13 developed acute respiratory 
distress syndrome (ARDS) during admission. Patients with ARDS were more prone to experience 
neurological symptoms at follow-up (p = 0.03) and showed more B-lines on TUS (p = 0.008) but did 
not otherwise differ significantly in terms of pulmonary function tests. Four patients had pathological 
findings on TUS where subsequent diagnostics revealed that two had interstitial lung abnormalities 
and two had heart failure. These four patients presented with a significantly lower diffusing capacity 
of lung for carbon monoxide (p=0.03) and 6-min walking distance (p=0.006) compared to the 
remaining 36 patients without ultrasound pathology. No significant difference was observed in 
spirometry values of % of predicted FEV1 (p=0.49) or FVC (p=0.07). No persisting cardiovascular 
pathology was observed in patients without ultrasonographic pathology.
Conclusion: At 12-month after admission with COVID-19, a follow-up combining TUS, clinical 
assessment, and pulmonary function tests may improve the selection of patients requiring further 
diagnostic investigations such as HRCT or echocardiography.
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Introduction

Severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) is highly contagious and often affects 
the respiratory organs, causing symptoms of varying 
severity, ranging from simple cough to severe pneumo-
nia or even acute respiratory distress syndrome 
(ARDS) requiring intensive care treatment [1]. 
Although the extensive rollout of SARS-CoV-2 vac-
cines and the emergence of new SARS-CoV-2 variants 
have resulted in reduced risk of severe disease progres-
sion, there are still patients who deteriorate rapidly 

from limited symptoms to acute respiratory failure 
with ARDS [2]. Close monitoring is therefore still 
essential for early detection of clinical aggravation, 
ideally with access to rapid and repeated thoracic ima-
ging. However, intrahospital transportation to chest 
computed tomography (CT) or non-supine chest 
X-ray is both time-consuming and increases risk of 
virus transmission. As such, thoracic ultrasound 
(TUS), a thoracic imaging modality with high diagnos-
tic accuracy within a variety of respiratory conditions, 
quickly gained the attention of researchers [1,3]. TUS 
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excels as a mobile, fast, and cost-efficient imaging 
approach ideal for frequent repeated imaging, which 
is able to readily detect dynamic changes in lung par-
enchyma and pleura as observed in relation to pulmon-
ary edema or ARDS [4,5]. Several recent studies have 
evaluated the utility of TUS for diagnosis, risk stratifi-
cation, and monitoring of disease progression in 
patients with coronavirus disease 2019 (COVID-19) 
[6–12].

As TUS is also able to detect chronic interstitial and 
pleural affection, visualized as the so-called interstitial 
syndrome or pleural irregularity which correspond to 
ground glass opacities or pulmonary fibrosis on a high- 
resolution CT (HRCT), TUS might also play a role in 
the clinical follow-up of patients with COVID-19 [13– 
15]. Indeed, recent comprehensive meta-analytic data, 
predating the omicron variant, of patients admitted 
with COVID-19 found that approximately half of 
COVID-19 survivors retain pulmonary abnormalities 
on chest CT or develop some degree of pulmonary 
fibrosis with a predominance in patients with severe 
course of COVID-19 [16,17]. As such, it is feasible that 
addition of TUS to the pulmonary physiology follow- 
up strategy recommended by the European Respiratory 
Society may improve selection of patients requiring 
referral to chest HRCT [18].

To elucidate the potential of TUS in this setting, the 
findings from TUS performed as part of a 12-month 
clinical follow-up of patients admitted with COVID-19 
were correlated with prevalence of persisting symp-
toms, pulmonary function tests, and available chest 
imaging, and stratified by ARDS during admission to 
assess if this patient group was more prone to exhibit 
long-term TUS changes.

Methods

Setting and patient population

This study was conducted at South Danish Center for 
Interstitial Lung Diseases, an outpatient clinic under the 
Department of Respiratory Medicine at Odense 
University Hospital (OUH) in Denmark, which acts as 
a tertiary referral center for interstitial lung diseases 
(ILDs) for inhabitants of the Region of Southern 
Denmark (RSD) with a population of 1.22 million [19]. 
In the beginning of the epidemic, all patients requiring 
hospital admission for COVID-19 in the RSD, who were 
clinically stable for transportation, were transferred to 
a dedicated COVID-19 unit at OUH for further treat-
ment. All patients who were ≥18 years and had a positive 
real-time polymerase chain reaction analysis for SARS- 
CoV-2 (i.e. tracheal secretion or pharyngeal swab) were 

included in a study cohort previously described by 
Madsen et al. [20]. Diagnosis of ARDS during admission 
was established using the Berlin criteria [21]. In this 
study, we invited all patients from the cohort discharged 
in the period of March–May 2020 to a 12-month follow- 
up appointment.

Twelve-month clinical follow-up

Patients who accepted our invitation were subject to 
a comprehensive interview regarding persisting or 
newly developed symptoms in addition to TUS, and 
pulmonary function test. If suspicion of interstitial 
affection was raised based on the investigations, the 
patient was referred to HRCT.

Pulmonary function tests

Spirometry including forced expiratory volume in 1 sec 
(FEV1) and forced expiratory capacity (FVC), diffusion 
capacity of the lung for carbon monoxide adjusted for 
hemoglobin (DLCOc) and 6-min walk test (6MWT) 
including 6-min walk distance (6MWD) were per-
formed, whenever it was possible for the patient to 
complete the given test. All tests were performed in 
accordance with internationally accepted standards 
[22–24].

Thoracic ultrasound

The TUS examinations were conducted using a LOGIQ 
E9 (General Electric, Boston, Massachusetts, USA) with 
a 1–6 MHz curved array probe. All investigations were 
done by one of four respiratory physicians certified in 
TUS by the regional center for healthcare education with 
more than 200 previous TUS examinations each. The 
investigators were blinded to the medical history of the 
participants. We used a 14-zone protocol validated for 
assessment of patients with respiratory symptoms and 
diseases in different settings often utilized for detection 
of pneumothorax, pleural effusion, interstitial syndrome, 
and subpleural consolidations [25–27]. The protocol was 
supplemented with the Mongodi scoring system, which is 
a validated tool for assessing loss of aeration in anterior 
and lateral zones of patients with severe pneumonia and 
ARDS [28]. In the present study, we supplemented the 
protocol with the six posterior zones as all patients were 
able to sit upright at follow-up.

Between 1 and 4 points are given in each zone based 
on TUS findings, resulting in a total score between 8 
and 32 points for the anterolateral Mongodi approach 
and between 14 and 56 points for the modified 14-zone 
Mongodi approach.
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Each point was defined according to the following 
(Figure 1):

−1 point: <3 B-lines
−2 points: ≥3 B-lines occupying ≤ 50% of the pleural 

line
−3 points: ≥3 B-lines occupying > 50% of the pleural 

line
−4 points: Lung consolidation present.

Any TUS examinations with at least one zone show-
ing ≥ 3 B-lines, pleural effusion, subpleural consolida-
tion or a pneumothorax was considered abnormal.

Indications of pulmonary sequelae

On the basis of all assessments performed at the follow- 
up appointment (with the exception of TUS), patients 
were stratified into six groups defined on the basis of 
presence of perceived or objectively demonstrated pul-
monary sequelae. These comprised:

(1) Interstitial lung sequelae (results suggestive of 
interstitial lung affection) supported by radiol-
ogy with or without restrictive lung function)

(2) Chronic obstructive pulmonary disease/emphy-
sematous sequelae (obstructive lung function 
pattern with or without radiology findings sug-
gestive of airway disease)

(3) Asthmatic sequelae (clinical symptoms and pul-
monary physiology indicating variable airway 
obstruction or inflammation)

(4) Combination of the above groups
(5) Patients experiencing chronic airway symptoms 

such as dyspnea and/or cough, but pulmonary 

function tests or radiology were incompatible 
with any specific disease

(6) Other.

Patients were referred for HRCT if the findings at 
follow-up were compatible with interstitial lung seque-
lae due to interstitial lung affection. However, HRCT 
was not mandatory for allocation to this group if pre-
vious chest x-ray or conventional chest CT had shown 
findings of interstitial lung involvement.

Statistical analysis

All statistical analyses were performed in GraphPad 
Prism 9.0.0. (GraphPad Software, San Diego, 
California USA). Normality was assessed using the 
Shapiro–Wilk test. Normally distributed data is pre-
sented as mean ± standard deviation (SD) and com-
pared with the Student’s t-test. Non-normally 
distributed data is presented as median with interquar-
tile range (IQR) and compared with a Mann–Whitney 
U-test. χ2-test or Fisher’s exact test was used for com-
paring categorical data. Yates correction was applied to 
the χ2-test when at least one table of a cell had a count 
smaller than five. P-values <0.05 were considered sta-
tistically significant. Pearson correlation coefficient was 
used to assess correlation between continuous vari-
ables. Interpretation of correlation coefficients was 
conducted in accordance with the work of Schober 
and colleagues [29].

Results

Baseline characteristics

Upon invitation of 92 patients, 11 declined, 31 did not 
respond, and 10 had died, resulting in the inclusion of 40 
patients with a mean of 393 ± 18 days between discharge 

Figure 1. TUS findings and corresponding score. a) The pleural line (PL) appears normal. No B-lines or consolidations are present 
corresponding to a score of 1. b) Multiple B-lines (B) originating from the pleural line. The B-lines involve less than 50% of the 
pleural line, corresponding to a score of 2. c) Multiple confluent B-lines (CB) are present. More than 50% of the pleural line is 
involved corresponding to a score of 3. d) A small subpleural consolidation (C) is present just below the pleural line, corresponding 
to a score of 4. Image courtesy of Falster et al. [11].
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and follow-up. The baseline characteristics of the included 
patients and the 52 patients who did not attend follow-up 
were obtained from the Madsen cohort and were generally 
comparable (Table 1) [20]. Further, distance to the hospital 
was similar between groups. Sixty-five percent of the study 
population were male with a mean age of 60.4 ± 13.6 years, 
and a median BMI of 27.9 (IQR: 25.1–31.3).

Thirteen out of 40 patients developed ARDS during 
their hospital stay and had a median length of admission 
of 15 days (IQR: 9–31), which was significantly longer 
than the 4 (IQR: 3–8) days in the 27 non-ARDS patients 
(p < 0.001) (Table 2). Further, ARDS-patients were more 
prone to receive supplemental oxygen at time of admis-
sion (p = 0.01), were more likely to be transferred to an 
intensive care unit (ICU) (p < 0.001) and had a higher 
BMI (p = 0.047) but did not otherwise differ significantly 
from the remaining study participants.

Clinical follow-up

The most common complaints at 12-month follow- 
up were cerebral symptoms (45%) (encompassing 

sensation of fatigue, irritability, depressive symp-
toms, increased need for sleep, or anosmia), weight 
gain (38%), and perceived dyspnea (25%) (Table 3). 
While cerebral complaints were more common in 
patients with previous ARDS (69%) than in those 
without (33%) (p = 0.033), no difference in preva-
lence of other complaints were observed between 
groups. Spirometry results were overall within nor-
mal ranges, revealing a mean FEV1 of 101 ± 18% of 
predicted with no difference between groups (p =  
0.32). FVC was 108 ± 18% of predicted and FEV1/ 
FVC was 75.9 ± 18. Likewise, no difference was 
observed between groups with and without ARDS 
during admission, (p = 0.43) and (p = 0.42) for FVC 
and FEV1/FVC, respectively. Mean DLCOc at 85 ±  
17% of predicted did also not differ between groups 
(p = 0.36). Mean 6MWD at follow-up was 518 ± 105 
meters and saturation post-6MWT-exercise was 
96% (IQR: 94–97%). We found a non-statistically 
significant shorter mean 6MWD for ARDS-patients 
(479 ± 93 meters) compared to non-ARDS-patients 
(538 ± 107 meters; (p = 0.05)).

Table 1. Baseline characteristics of patients stratified by follow-up attendance.
N Patients attending follow-up (n=40) N Patients not attending follow-up (n=52) P-value

Baseline characteristics
Age, years ± SD 40 6.4 ± 13.6 52 64.5 ± 17.2 0.11
Male sex, n (%) 40 26 (65) 52 32 (62) 0.73
BMI (kg/m2) (IQR) 40 27.9 (25.1–31.3) 49 26.4 (23.3–29.9) 0.16
Excessive alcohol consumption, n (%)* 40 2 (5) 51 3 (6) 0.84
Current use of tobacco, (%) 40 0 (0) 52 6 (12) 0.019
Previous use of tobacco, (%) 40 17 (43) 44 21 (48) 0.63
Performance status (IQR) 40 0 (0–0) 52 0 (0–1.5) 0.033

Comorbidities
Hypercholesterolemia 40 8 (20) 52 10 (19) 0.93
Hypertension 40 20 (50) 52 16 (31) 0.002
Ischemic heart disease, n (%) 40 2 (5) 52 7 (13) 0.18
Supraventricular arrhythmia, n (%) 40 3 (8) 52 10 (20) 0.11
Heart valve disease, n (%) 40 1 (3) 52 6 (12) 0.11
Heart failure 40 2 (5) 52 4 (8) 0.60
Asthma 40 3 (8) 52 7 (13) 0.36
COPD 40 2 (5) 52 6 (12) 0.27
Other pulmonary disorders€ 40 4 (10) 52 3 (6) 0.45
Type I diabetes 40 1 (3) 52 1 (2) 0.85
Type II diabetes 40 2 (5) 52 10 (20) 0.046
Other endocrinological disorders¥ 40 6 (15) 52 11 (21) 0.45
Malignancy 40 7 (18) 52 7 (13) 0.56

Vital parameters at admission
Respiratory rate, breaths/min ± SD 40 21 ± 4 52 22 ± 6 0.16
Heart rate, beats/min ± SD 40 88 ± 19 52 92 ± 23 0.18
Systolic blood pressure, mmHg ± SD 40 134 ± 20 52 132 ± 22 0.40
Diastolic blood pressure, mmHg ± SD 40 79 ± 12 52 77 ± 12 0.20
Temperature, Co ± SD 40 38.5 ± 1.1 52 38.2 ± .8 0.07
Oxygen saturation, % ± SD 40 95.8 ± 2.4 52 94.9 ± 4.1 0.14
Oxygen therapy, n (%) 40 11 (28) 52 16 (31) 0.73
Level of oxygen therapy, L/min (IQR) 11 3 (1.5–3) 16 1 (1–2) NA

Hospitalization
Length of hospital stay, days (IQR) 40 7 (3–13) 47 7 (4–14) 0.43
Transfer to ICU, n (%) 40 7 (18) 52 7 (13) 0.59
Pulmonary embolism, n (%) 40 1 (3) 52 2 (4) 0.72

*>14 weekly units of alcohol for men and 7 for women. €Other pulmonary disorders encompass lung fibrosis and lung sarcoidosis. ¥Other endocrinological 
disorders encompass osteoporosis, myxedema and Addison’s disease. 
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Based on findings during follow-up, eight 
patients (20%) fulfilled the criteria for any pulmon-
ary sequelae. Four patients had sequelae not com-
patible with any specific pulmonary disease, three 
had asthmatic sequelae, and one had findings com-
patible with interstitial lung sequelae.

TUS findings

A full 14-zone ultrasound examination was feasible in all 
patients. Ultrasound examinations were unremarkable in 
the majority of patients, yielding median Mongodi scores 
at 8 (IQR: 8–8) using the standard anterolateral approach 
and 14 (IQR: 14–14) using the extended protocol. No 
statistically significant difference was observed when stra-
tifying for presence of ARDS (p = 0.08) (Table 3). The 
prevalence of B-lines was overall limited but significantly 
lower in non-ARDS-patients (0 (IQR: 0–0)) than in 
ARDS-patients (0 (IQR: 0–6); p = 0.008)). We found an 
overall low prevalence of subpleural consolidations (10%) 

and pleural effusion (3%) with no difference between 
ARDS-groups (p = 0.33 and p = 0.43, respectively). In 
total, only four patients (10%) showed abnormal ultraso-
nographic findings which are elaborated and presented 
with other clinical data in Figure 2.

Correlation between TUS findings and other clinical 
parameters

The four patients with abnormal TUS investigation 
had significantly lower DLCOc (p = 0.03) and 6MWD 
(p = 0.006) than the remaining 36 patients without 
ultrasound pathology (Figure 2). However, when 
analyzing all 40 patients, we observed no strong 
correlation between the total number of B-lines or 
Mongodi score and any clinical parameters at 12- 
month follow-up (Table 4). A moderate negative 
correlation was observed between Mongodi score 
and 6MWD (r = −0.422). Correlations between 
Mongodi score and DLCOc (r = −0.364) as well as 

Table 2. Baseline characteristics of included patients stratified by ARDS during admission.

N
Patients with ARDS during hospitalization 

(n=13)
Patients without ARDS during hospitalization 

(n=27) P-value

Baseline characteristics
Age, years ± SD 40 61.6 ± 14.0 59.8 ± 13.6 0.35
Male sex, n (%) 40 10 (77) 16 (59) 0.27
BMI (kg/m2) (IQR) 40 29.9 (26.1–38.9) 27.7 (24.5–3.1) 0.047
Excessive alcohol consumption, n (%)* 40 0 (0) 2 (7) 1.0
Current use of tobacco, (%) 40 0 (0) 0 (0) 1.0
Previous use of tobacco, (%) 40 4 (31) 13 (48) 0.30
Performance status (IQR) 40 0 (0–1) 0 (0–0) 0.19

Comorbidities
Hypercholesterolemia 40 5 (38) 3 (11) 0.043
Hypertension 40 8 (62) 12 (44) 0.31
Ischemic heart disease, n (%) 40 1 (8) 1 (4) 0.59
Supraventricular arrhythmia, n (%) 40 1 (8) 2 (7) 0.97
Heart valve disease, n (%) 40 0 (0) 1 (4) 1.0
Heart failure 40 1 (8) 1 (4) 0.59
Asthma 40 0 (0) 3 (11) 0.54
COPD 40 1 (8) 1 (4) 0.59
Other pulmonary disorders€ 40 1 (8) 3 (11) 0.74
Type I diabetes 40 1 (8) 0 (0) 1.0
Type II diabetes 40 2 (15) 0 (0) 0.1
Other endocrinological disorders¥ 40 2 (15) 4 (15) 0.96
Malignancy 40 2 (15) 5 (19) 0.81

Vital parameters at admission
Respiratory rate, breaths/min ± SD 40 22 ± 4 21 ± 4 0.18
Heart rate, beats/min ± SD 40 88 ± 18 88 ± 20 0.48
Systolic blood pressure, mmHg ± SD 40 134 ± 17 134 ± 22 0.47
Diastolic blood pressure, mmHg ± SD 40 77 ± 13 81 ± 12 0.17
Temperature, Co ± SD 40 38.8 ± 1.1 38.4 ± 1.1 0.15
Oxygen saturation, % ± SD 40 94.6 ± 2.8 96.3 ± 2.0 0.016
Oxygen therapy, n (%) 40 7 (54) 4 (15) 0.01
Level of oxygen therapy, L/min (IQR) 11 3 (2–3) 1.8 (1.3–2.5) NA

Hospitalization
Length of hospital stay, days (IQR) 40 15 (9–31) 4 (3–8) <0.001
Transfer to ICU, n (%) 40 7 (54) 0 (0) <0.001
Pulmonary embolism, n (%) 40 0 (0) 1 (4) 1.0

*>14 weekly units of alcohol for men and 7 for women. €Other pulmonary disorders encompass lung fibrosis and lung sarcoidosis. ¥Other endocrinological 
disorders encompass osteoporosis, myxedema and Addison’s disease. 
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between Mongodi score and Borg scale post-6MWT 
exercise (r = 0.368) were both weak. This also applied 
to correlations between total number of B-lines and 
6-MWD (r = −0.360) and between total number of 
B-lines and DLCOc (r = −0.385), respectively. All 
correlations between TUS and spirometry findings 
were weak or negligible.

Among the eight patients fulfilling criteria of pulmon-
ary sequelae, two had abnormal TUS findings: one 
patient had sequelae compatible with interstitial lung 
abnormalities which was confirmed by a subsequent 
HRCT (Table 3). The other had unspecific sequelae 
and a subsequent HRCT revealed no interstitial abnorm-
alities but indicated pulmonary hypertension which was 
subsequently confirmed by echocardiography showing 
left ventricular heart failure with group 2 pulmonary 
hypertension. Neither of the remaining two patients 

with abnormal TUS fulfilled the criteria for pulmonary 
sequelae and their HRCTs showed stable interstitial lung 
abnormalities and signs of pulmonary hypertension in 
relation to known heart failure when compared to prior 
HRCT descriptions. All patients with asthmatic sequelae 
had normal TUS findings.

Discussion

While subjective complaints were common at 12  
months COVID-19 follow-up, these were seldom of 
respiratory nature and objective signs of persisting 
pulmonary impairment were rarely observed in our 
cohort. Indeed, only eight patients (20%) fulfilled our 
pre-defined criteria of pulmonary sequelae. Of the 40 
patients attending follow-up, only four (10%) had 
Mongodi scores above baseline 14 points, in whom 

Table 3. Outcomes of included patients stratified by ARDS during admission.

N
All included patients 

(n=40)
Patients with ARDS during 

hospitalization (n=13)
Patients without ARDS during 

hospitalization (n=27) P-value

Baseline characteristics at follow-up
Days between discharge and TUS ± SD 40 393 ± 18 387 ± 18 396 ± 17 0.06
Dyspnea, n (%) 40 10 (25) 3 (23) 7 (26) 0.85
Cough, n (%) 40 5 (13) 0 (0) 5 (19) 0.15
Chest pain, n (%) 40 0 (0) 0 (0) 0 (0) 1.0
Cerebral complaints, n (%)* 40 18 (45) 9 (69) 9 (33) 0.033
Gastrointestinal complaints, n (%)€ 40 3 (8) 1 (8) 2 (8) 0.97
Musculoskeletal complaints, n (%)¥ 40 5 (13) 2 (15) 3 (11) 0.70
Rash, n (%) 40 1 (3) 1 (8) 0 (0) 0.33
Weight gain, n (%) 40 15 (38) 5 (38) 10 (37) 0.93
Weight loss, n (%) 40 7 (18) 2 (15) 5 (19) 0.81

TUS findings
Total B-lines (Mongodi protocol) (IQR) 40 0 (0–1) 1 (0–6) 0 (0–0) 0.008
Total B-lines (Complete TUS) (IQR) 40 0 (0–1) 1 (0–7) 0 (0–1) 0.016
Score (Mongodi protocol) (IQR) 40 8 (8–8) 8 (8–10) 8 (8–8) 0.08
Score (Complete TUS) (IQR) 40 14 (14–14) 14 (14–17) 14 (14–14) 0.08
Subpleural consolidation (%) 40 4 (10) 2 (15) 2 (7) 0.43
Pleural effusion (%) 40 1 (3) 1 (8) 0 (0) 0.33
Shearwave elastography (IQR) 38 2.23 (1.765–2.755) 2.03 (1.625–2.59) 2.34 (1.875–2.835) 0.024

Spirometry
FEV1, L ± SD 40 3.1 ± 0.76 3.1 ± 0.52 3.11 ± 0.86 0.46
FEV1% of predicted) ± SD 40 101 ± 18 99 ± 14 102 ± 19 0.32
FVC, L ± SD 40 4.1 ± 1.07 4.1 ± 0.7 4.2 ± 1.21 0.43
FVC (% of predicted) ± SD 40 108 ± 18 104 ± 15 109 ± 19 0.18
FEV1/FVC ± SD 40 75.9 ± 6.34 75.6 ± 3.22 76.0 ± 7.45 0.42
DLCO-SB (% of predicted) ± SD 39 86 ± 18 85 ± 16 87 ± 19 0.40
DLCOc (% of predicted) ± SD 39 85 ± 17 83 ± 15 85 ± 19 0.36

6-min walk test
Distance, meters ± SD 38 518 ± 105 479 ± 93 538 ± 107 0.05
Oxygen saturation prior, % (IQR) 38 98 (96–98) 97 (96–98) 98 (96–98) 0.26
Oxygen saturation after, % (IQR) 38 96 (94–97) 95 (93.5–96) 96 (95–97.5) 0.05
Borg scale prior 38 0.5 (0–1) 0.5 (0–1) 0.5 (0–1) 0.90
Borg scale after 38 3 (1–4) 3 (0.75–5) 3 (1–4) 0.87

Sequelae
Interstitial lung sequelae 40 1 1 0 0.325
COPD/emphysematous sequelae 40 0 0 0 1.0
Asthmatic sequelae 40 3 1 2 0.54
Combined sequelae 40 0 0 0 1.0
Unspecific airway sequelae 40 2 2 0 0.1
Other 40 2 1 1 0.82

*Sensation of fatigue, irritability, depressive symptoms, increased need for sleep, anosmia. €Abdominal pain or bloating, changes in passage of stool, nausea. 
¥Feeling of muscular weakness or pain. FEV1: forced expiratory volume in 1 sec. FVC: forced vital capacity. DLCOc: diffusion capacity of the lung for carbon 
monoxide adjusted for hemoglobin. COPD: chronic obstructive pulmonary disorder. 
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spirometry values were generally within normal range 
but with decreased DLCOc and 6MWD. As such, 
though uncommon, persisting pathology on TUS 
one year following admission with COVID-19 may 
indicate interstitial lung affection or other unacknow-
ledged cardiopulmonary pathology, such as heart 
failure.

The continued presence of subjective symptoms 
such as fatigue or breathlessness following COVID-19 
infection is well described, but the duration and natural 

course of this long-COVID syndrome is, however, still 
poorly understood [30,31]. A recent meta-analysis 
describing 8,591 COVID-19 survivors reported that 
persistent symptoms are still common one year after 
discharge, for instance dyspnea or fatigue which were 
still experienced by 18% and 28% of patients, respec-
tively [32]. While our study pooled cerebral com-
plaints, the prevalence of symptoms at follow-up is 
comparable to the findings of previous studies, suggest-
ing a representative study population.

Figure 2. Comparison of pulmonary function test results between patients with and without abnormal thoracic ultrasound findings. 
FEV1: Forced expiratory volume in 1 second. FVC: Forced vital capacity. DLCOc: diffusion capacity of the lung for carbon monoxide 
adjusted for hemoglobin. 6MWT: 6-minute walking distance.

Table 4. Correlations between thoracic ultrasound findings and pulmonary 
function tests.

Clinical variable for evaluation of correlation N r-coefficient

Total B-lines (Complete TUS)
FEV1, % of predicted 40 −0.133
FVC, % of predicted 40 −0.268
FEV1/FVC 40 0.025
DLCOc, % of predicted 39 −0.385
6-min walk test distance 38 −0.360
Oxygen saturation post exercise 38 −0.310
Borg scale post exercise 38 0.314

Mongodi score (Complete TUS)
FEV1, % of predicted 40 −0.092
FVC, % of predicted 40 −0.229
FEV1/FVC 40 0.021
DLCOc, % of predicted 39 −0.364
6-min walk test distance 38 −0.422
Oxygen saturation post exercise 38 −0.269
Borg scale post exercise 38 0.368

R = 0.00–0.10: negligible correlation. R = 0.10–0.39: weak correlation. R = 0.40–0.69: moderate 
correlation. R = 0.70–0.89 = strong correlation. R = 0.90–1.00: very strong correlation. FEV1: 
forced expiratory volume in 1 sec. FVC: forced vital capacity. DLCOc: diffusion capacity of the 
lung for carbon monoxide adjusted for hemoglobin. 
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While the meta-analysis only reported on subjective 
symptoms at follow-up, other studies have described 
ultrasonographic findings in the period after COVID-19 
hospital admission. For instance, a recent study by 
Espersen and colleagues supports our findings that most 
patients experience complete TUS resolution following 
discharge [33]. In this study, 71 patients who had been 
subject to an 8-zone TUS examination of anterior and 
lateral zones during COVID-19-admission were re- 
examined at 2–3 months following discharge. Only 30% 
of these patients had pathological TUS findings (i.e. ≥3 
B-lines in at least one zone) at time of follow-up. The 
authors note that these findings were more prevalent in 
patients who had developed ARDS during admission, 
which is consistent with our observations, where the 
three patients with the highest Mongodi scores were 
also diagnosed with ARDS and required ICU admission.

In our study, we only observed ≥ 3 B-lines in at least 
one zone in 10% of the included patients, compared to 
30% at 2–3 months follow-up in the Espersen study. 
Although it should be kept in mind that our study has 
no available baseline TUS values from time of admis-
sion, limiting comparability, this could imply that com-
plete pulmonary resolution following COVID-19 may 
be protracted beyond 3 months in some patients due to 
reversible virus-induced inflammation presenting with 
ground glass opacities on HRCT, or that other pathol-
ogy compatible with multiple B-lines is present, for 
instance heart failure or consisting interstitial lung 
abnormalities. Indeed, of the four patients with abnor-
mal TUS at 12-month follow-up, one exhibited HRCT 
findings consistent with persisting interstitial lung 
changes following severe COVID-19 infection, one 
exhibited interstitial lung abnormalities which had 
been acknowledged years prior to the admission with 
COVID-19 [34] and the remaining two had left ven-
tricular heart failure.

As such, it is plausible that remaining TUS changes 
12 months following COVID-19 discharge should raise 
suspicion of significant pathology other than ongoing 
resolution of COVID-19 pneumonia. This notion is 
supported by the works of Giovanetti and colleagues, 
reporting that persisting B-lines or subpleural consoli-
dations at 3-month follow-up were correlated with CT- 
findings compatible with interstitial lung abnormalities 
in 80% [35]. Furthermore, two-thirds of these CT- 
findings, encompassing ground-glass opacities, sub-
pleural bands and interstitial thickening, were 
described as mild and no significant difference in % 
of predicted FEV1/FEV, DLCO, or 6MWD was 
observed between patients with and without interstitial 
lung abnormalities. Hence, TUS findings compatible 
with interstitial lung affection may be anticipated in 

the first months following COVID-19 pneumonia and 
should not necessarily lead to a confirmative HRCT, 
especially not if other pulmonary function tests are 
within normal ranges. In contrast, in the few patients 
retaining abnormal TUS observations beyond 12  
months, further diagnostic work-up may be warranted. 
Naturally, if the patient is already known to have ILD, 
heart failure or other conditions compatible with TUS 
findings, an individual approach should be taken.

Our findings suggest a high specificity of TUS for 
pulmonary sequelae following COVID-19 as the inves-
tigated 36 patients with unremarkable TUS findings 
had mean values of FEV1, FVC, DLCOc, and 6MWD 
within normal ranges. However, it should be kept in 
mind that asthmatic or emphysematous sequelae are 
not detectable by TUS which is only able to visualize 
pleural and parenchymal changes. This was exemplified 
in our study, where none of the three patients with 
asthmatic sequelae had abnormal TUS findings.

Lastly, it should be mentioned that prior to clinical 
application of TUS, physicians should complete 
a thorough theoretical and practical training pro-
gramme with subsequent certification to minimize the 
risk of misinterpreting findings [36,37].

Limitations

Our findings suggest TUS as a valuable tool in distin-
guishing between presence and absence of certain lung 
parenchymal, pleural, and cardiovascular conditions 
12 months following COVID-19, such as interstitial 
lung abnormalities and heart failure; however, impor-
tant limitations should be considered when interpret-
ing our results.

Mainly, as no attempts were made to adjust for test 
multiplicity in terms of P-values or for confounders, it 
is conceivable that the significant differences observed 
between patients who did and did not participate, 
patients with and without ARDS, and TUS groups, 
have arisen purely by chance although consistent with 
previous research. Further, while patient characteristics 
of the 40 participants were generally similar to the 52 
who declined study participation or were not able to 
attend follow-up, especially the low performance status 
of our cohort from the first COVID-19 wave (i.e. 
spring 2020) may not be representative of the contem-
porary patient admitted with COVID-19, where the 
change in SARS-CoV-2 strain and the global vaccina-
tion effort have shifted admissions towards primarily 
the elderly or co-morbid population. Also, not all 
patients were subject to an HRCT, prohibiting suffi-
cient calculation of sensitivity and specificity for TUS 
in confirming or rejecting suspicion pulmonary 
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interstitial conditions. However, as the patients in our 
study without abnormal TUS findings exhibited nor-
mal lung physiology, TUS may be an important bed-
side add-on modality to clinical decision-making, 
warranting further investigations in dedicated diagnos-
tic accuracy studies.

Conclusion

The prevalence of abnormal TUS findings 12 months 
following admission with COVID-19 is low. Detection 
of TUS findings indicating lung parenchymal, pleural, 
or cardiovascular conditions at 12-month COVID-19 
follow-up which are not explained by already known 
ailments should prompt further diagnostic work-up 
such as HRCT or echocardiography.
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Take home message

Thoracic ultrasonographic abnormalities are uncommon 12  
months following admission due to COVID-19. If present, 
findings compatible with pulmonary or cardiovascular 
sequelae should prompt further diagnostic work-up such as 
HRCT or echocardiography.
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