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Abstract

Purpose During a follow-up program of patients admitted for COVID-19 at our non-ICU Unit, we found that 37% of them
had decreased diffusing lung capacity for carbon monoxide (DLCO) 3—6 months after discharge. This prospective obser-
vational study aimed to evaluate the evolution of changes in DLCO and respiratory symptoms at the 1-year follow-up visit.
Methods Seventeen (mean age 71 years; 8 males) of 19 eligible patients (DLCO < 80% of predicted at the 3—6 months
follow-up visit) completed the 1-year follow-up visit. One patient refused to participate and 1 patient had died 3 months
earlier from myocardial infarction. The visit included a self-reported structured questionnaire, physical exam, blood tests,
ECG, and spirometry with DLCO.

Results Mean DLCO was significantly improved at the 1-year visit (from 64% of predicted at 3—6 months to 74% of predicted
at 1 year; P=0.003). A clinically significant increase in DLCO (10% or greater) was observed in 11 patients (65%) with
complete normalization (> 80% of predicted) in 6 (35%); in the other 6 (35%) it remained unchanged. The prevalence of
exertional dyspnea (65-35%, P=0.17), cough (24-18%, P=1), and fatigue (76-35%, P =0.04) decreased at the 1-year visit.
Conclusion These results suggest that DLCO and respiratory symptoms tend to normalize or improve 1 year after hospi-
talization for COVID-19 in most patients. However, there is also a non-negligible number of patients (about one-third) in
whom respiratory changes persist and will need prolonged follow-up.
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Introduction evaluate the 1-year evolution of DLCO changes and respira-
tory symptoms of these patients.
A high percentage of COVID-19 patients continue to com-

plain of symptoms, particularly dyspnea and fatigue, in

the months following hospital discharge [1-3]. Pulmonary
functional alterations are frequently detected, in particular a
reduction in lung diffusion capacity [1, 2]. A follow-up pro-
gram conducted 3—6 months after discharge from our non-
ICU COVID-19 ward showed that 19 of 51 patients (37.2%)
had mild or moderate changes in diffusing lung capacity
for carbon monoxide (DLCO), associated with exertional
dyspnea [2]. This prospective observational study aimed to
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Methods

Patients discharged from our non-ICU COVID ward during
the first wave of COVID-19 pandemic (from March to May
2020) were recalled for follow-up 3—6 months and 1 year
later. The follow-up program was developed and carried
out by a team of internal medicine physicians with the col-
laboration of two pulmonologists. It included anamnesis, a
structured questionnaire on persisting symptoms, physical
examination, and pneumological evaluation with pulmo-
nary function tests (detailed description in the manuscript
by Fortini et al. [2]). This prospective observational study
included the patients who showed a reduction in DLCO
(< 80% of predicted) at the 3—6 month follow-up visit, and
assessed the evolution of respiratory function and respiratory
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symptoms at the 1-year follow-up visit. The following spiro-
metric parameters were considered: forced vital capacity
(FVC), forced expiratory volume in one second (FEV1),
FEV1/FVC, total lung capacity (TLC), and DLCO. A 10%
or greater intersession change of these parameters was con-
sidered clinically significant [4]. Among the self-reported
complaints by the patient, we considered exertional dysp-
nea, cough and fatigue as respiratory symptoms. Fatigue was
included among the respiratory symptoms because, despite
being a multifaced phenomenon due to different mecha-
nisms, the respiratory component is certainly very relevant

[5].
Statistical analysis

GNU PSPP Statistical Analysis Software (https://www.gnu.
org/software/pspp/) was used for statistical analyses. The
data were presented as numbers and/or percentages for cat-
egorical variables and mean and standard deviation (SD)
or median and interquartile range (IQR) when appropriate
for continuous ones. The normality of data distribution was
assessed using the Shapiro—Wilk test. Normally distributed
continuous variables were compared with the Student’s ¢
test, non-normally distributed variables with Mann—Whitney
test. Categorical variables were compared with y* or Fisher
exact test. P <0.05 was considered statistically significant.

This study was approved by the Institutional Review
Board of the Department of Medicine of the “Azienda USL
Toscana Centro”, Firenze, Italy. Patients provided written
informed consent to participate in the study.

Results

Seventeen of the 19 patients eligible for the study (with
DLCO < 80% expected at the 3—-6 month follow-up visit)
completed the 1-year follow-up visit; 1 patient refused to
participate and 1 patient had died 3 months earlier from
myocardial infarction. Patients were followed up for a
mean (SD) of 128 (18) days at 3—6 months, and 361 (25)
at 12 months.

The mean (SD) age was 71 (11) years; 8 (47%) were
males and 9 (53%) were females. Pulmonary function tests
were completed in all patients. No patient underwent home
oxygen therapy and no patient had undergone a specific res-
piratory rehabilitation program. No patient had a hospitali-
zation between the 2 follow-up visits.

Table 1 shows the values of arterial blood gas analysis
and spirometric examination at 3—-6 months and 1 year after
hospital discharge.

Mean DLCO was significantly improved at the 1-year
visit (from 64% of predicted at 3—6 months to 74% of
predicted at 1 year; P=0.003). A clinically significant
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Table 1 Results of arterial blood gas analysis and spirometry with
DLCO at the 3—6 month and 1-year visit

Patients (n=17) 3-6 month visit 1-year visit P

Arterial blood gas

Pa02/Fi02, mean (SD) 444 (38) 422 (33) 0.74
Pa02/Fi02 < 350, n. (%) 1(6) 0
Spirometry

FVC% of predicted,, mean 92 (19) 95 (22) 0.46
(SD)

FVC<80%, n (%) 4.(24) 4(24) 1

FEV1% of predicted, mean 92 (21) 90 (22) 0.09
(SD)

FEV1<80% n (%) 5(29) 5(29) 1

FEV1/FVC x 100, mean (SD) 73 (11) 71 (10) 0.31

FEV1/FVC <70% n (%) 4(24) 5(29) 1

TLC, % of predicted, mean 88 (19) 96 (22) 0.09
(SD)

TLC <80% n (%) 6 (35%) 4(24) 0.71

DLCO, % of predicted, mean 64 (12) 74 (16) 0.003
(SD)

DLCO < 80%, n (%) 17 (100) 11 (65%) 0.018

increase in DLCO (10% or greater) was observed in 11
patients (65%); in the other 6 patients (35%) the DLCO
was unchanged. DLCO at 1 year normalized (> 80% of pre-
dicted) in 6 patients (35%) (Fig. 1).

Table 2 shows some characteristics of patients in whom
DLCO significantly improved at the 1-year visit and of
patients in whom DLCO unchanged. Mean age and mean
Charlson comorbidity index were approximately 3 years and
1 point lower in the first group than in the second group,
respectively; however, the differences did not reach statisti-
cal significance.

Exertional dyspnea, cough and fatigue were self-reported
by 11 (65%), 4 (24%) and 13 (76%) patients at 3—6 months
visit and by 6 (35%), 3 (18%) and 6 (35%) patients at 1-year
visit, respectively. The prevalence of all of these symptoms
decreased from the 3 to 6 month visit to the 1 year visit, but
the difference was statistically significant only for persistent
fatigue (P=0.04) (Fig. 2). At least 1 of these 3 symptoms
was reported by 11 patients (65%), 2 symptoms by 6 patients
(35%); none of the patients reported all the 3 symptoms.

Discussion

In this study, we prospectively assessed the 1-year evolu-
tion of lung function and respiratory symptoms in 17 hospi-
talized non-intubated patients with COVID-19 pneumonia
who had shown a significant clinical reduction of DLCO
3—6 months after hospital discharge.
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Table 2 Demographic and clinical characteristics of patients with improved or unchanged DLCO at the 1-year visit
DLCO improved (N=11) DLCO unchanged (N=6) P
Male gender, N (%) 5(45) 3 (50) 1
Age, years, mean (SD) 70.2 (10.9) 73.8 (11.2) 0.26
Charlson Comorbidity Index, mean (SD) 3.6 (2.2) 4.5(2.9) 0.25
Non-invasive ventilation during hospitalization, N (%) 327 2 (33) 1
Length of hospital stay, days, mean (SD) 20.2 (12.2) 17.3 (8.8) 0.69
Persisting exertional dyspnea at 1-year, N (%) 7 (64) 4(67) 1
Persisting cough at 1-year, N (%) 109 2 (33) 0.51
Persisting fatigue at 1-year, N (%) 4 (36) 2 (33) 1
D-dimer, nanogr/ml, median (IQR)* 453 (292; 615) 590 (457, 923) 0.29
Ferritin, ng/ml, median (IQR)* 55 (32; 81) 92 (50; 119) 0.31
CRP, mg/dL, median (IQR)* 0.24 (0,1;0.3) 0.5(0.3;0.7) 0.54

IQRinterquartile range. p-dimer reference range: <500 nanogr/ml. Ferritin reference range: 20-200 ng/ml. CRP C-reactive protein; reference

range: <0.5 mg/dL
*Values obtained at the 1-year visit

The main results indicate that in patients with COVID-
19, changes in diffusing capacity of the lung and respiratory
symptoms observed 3—6 months after hospitalization tend
to improve at the 1-year follow-up visit in most patients,
but not in all. Indeed, DLCO significantly improved in 65%
of patients, remained unchanged in 35%, and did not sig-
nificantly deteriorate in any of the patients. Patients with
improved DLCO had on average a lower age and comor-
bidity index than the others. However, the differences did
not reach statistical significance, probably due to the limited
number of patients, and therefore we are unable to provide

reliable indications. Overall, at the 1-year visit, DLCO nor-
malized (> 80% predicted) in 35% of the patients. In addi-
tion, the prevalence of respiratory symptoms decreased
1 year after hospital admission, but at least 1 symptom was
still present in 65% of patients.

These results are substantially in agreement with the data
currently available in the literature. Wu et al. [6] recently
reported the results of a study that prospectively evaluated
respiratory outcomes of 83 patients 3—-6—9 and 12 months
after hospitalization for COVID-19. Overall, they observed
temporal improvement in lung physiology and exercise
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Fig.2 Persisting respiratory
symptoms at 3—6 months and
1-year after COVID-19 related
hospitalization
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capacity in most patients. However, persistent decreased
DLCO and persistent high-resolution computer tomogra-
phy (HRCT) changes were still evident in approximately
one-third and one-quarter of patients at the 12-month
visit, respectively. The HRCT changes consisted mainly of
ground-glass opacity, while none of the patients showed
evidence of established fibrosis or progressive interstitial
changes. In our program of follow-up visits, the systematic
execution of the HRCT scan was not scheduled to avoid the
patients to unnecessary radiation. However, in the 4 patients
submitted to HRCT scan at the 1-year visit, we also found
some ground-glass opacities without a clear picture of fibro-
sis. In a large observational Chinese study, the percentage of
patients with at least one sequelae symptom decreased from
68% at 6 months to 49% at 12 months (P <0.0001), but the
proportion of patients with dyspnea slightly increased from
26% at 6-month visit to 30% at 12-month visit (P=0.14)
[7]. A prospective bicentric study showed a moderate reduc-
tion in the prevalence of fatigue (58—46%) and shortness of
breath (36-21%) in 90 patients evaluated 90 and 365 days
after hospitalization for COVID-19 [8].

A notable result of our study is that no patients showed
further deterioration in respiratory function from 3 to
6 months to 1 year after admission. These data seem to sug-
gest that changes in the pulmonary interstitium, frequently
detected in the first months after the acute phase of COVID-
19 [9], do not tend to worsen over time. The possible evo-
lution into pulmonary fibrosis secondary to COVID-19 is
a matter of concern [10]. The data in the literature on the
long-term progression of pulmonary interstitial changes
are limited and currently inconclusive [10]. However, in a
Chinese study, HRCT scans at 9 and 12 months after hos-
pitalization for COVID-19 showed no evidence of estab-
lished fibrosis and progressive interstitial changes [6]. In
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a 70-year-old patient with severe COVID-19 pneumonia
requiring mechanical ventilation, a complete histopatho-
logical and functional recovery was observed 6 months later
[11]. An indirect support to the no further evolution towards
fibrosis of the pulmonary alterations detected in the first
months post-COVID-19 is provided by the data on severe
acute respiratory syndrome (SARS). A 15-year follow-up
study involving 71 patients with SARS showed that intersti-
tial anomalies and functional decline recovered in the first
2 years after infection and then remained stable [12].

This study has some limitations. First, it is a single-center
study including a small number of patients. However, it
should be considered that, unlike other studies with greater
numbers, this prospective study was focused only on patients
who had shown alterations in DLCO after 3—-6 months of
hospitalization for COVID-19. Second, patients were not
systematically evaluated with radiological investigations,
such as HRCT. We considered it appropriate not to include
HRCT in the follow-up program to avoid patients being sub-
jected to unnecessary radiation. Furthermore, we felt that
clinical and functional assessments provided more relevant
information for patient care than morphological ones.

Conclusions

The results of this study indicate that in most patients
DCLO and symptoms related to respiratory dysfunction
tend to normalize or improve 1 year after hospitalization
for COVID-19. However, there is also a non-negligible
number of patients in whom functional respiratory dys-
function and symptoms persist, and a prolonged follow-up
will be required to understand the further clinical evolution.
An encouraging finding is that no patient has experienced
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clinically significant worsening of DLCO and respiratory
symptoms, suggesting that COVID-19-induced lung injury
does not seem to evolve over time.

Since this study included a limited number of patients
and was carried out in a single center, the data need to be
confirmed by larger multicenter studies.
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