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1 | INTRODUCTION

Abstract

Background: The Human Coronavirus Disease 2019 (COVID-19) is a highly conta-
gious respiratory disorder that may result in acute respiratory distress syndrome. The
aim of this review was to investigate the incidence and type of respiratory function
abnormalities during the follow-up of patients who recovered from COVID-19.
Methods: A systematic search of MEDLINE was conducted, utilising various term
combinations. Studies that assessed any respiratory function parameter during the
re-evaluation of patients who recovered from COVID-19 and were published as full-
text articles in English are included in this review.

Results: Amongst 183 articles initially retrieved, 8 fulfilled the criteria and were in-
cluded in this review; they involved a total of 341 adult patients. Four were retro-
spective studies, one was a prospective cohort study, one was a randomised control
trial and two were case reports/case series. The follow-up time ranged from 1 month
since symptom onset to 3 months after discharge. The most frequent abnormality
was reduced lung diffusion for carbon monoxide (DLCO), followed by a restrictive
pattern. Other findings are the lack of resting hypoxemia, the reduced respiratory
muscle strength and the decreased exercise capacity, although relative data are ex-
tremely limited.

Conclusion: Patients who recovered from COVID-19 present with abnormal respira-
tory function at short-term follow-up, mainly with reduced lung diffusion and a re-
strictive pattern. However, results are currently very limited in order safe conclusions
to be made, regarding the exact incidence of these abnormalities and whether they

may be temporary or permanent.

providing information regarding the epidemiology, pathophysiology
and clinical manifestations of the disease, which can vary widely

On 12 March 2020, the human coronavirus disease 2019
(COVID-19) outbreak was declared as a pandemic by the World
Health Organization. COVID-19 is a highly contagious respiratory
disorder that is caused by the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), a novel virus that is easily transmitted
between humans.»? As of 9 October 2020, there were 36 754 395
confirmed COVID-19 cases including 1 064 838 deaths globally,

with numbers continuously rising.2 A growing body of literature is

from asymptotic cases to the rapid development of acute respira-
tory distress syndrome.*

Along with the number of casualties that are constantly growing,
there is also a considerable proportion of patients that have been
discharged from hospital and recovered from the disease, world-
wide. Previous studies amongst patients who recovered from other
severe respiratory infections, such as Severe Acute Respiratory

Syndrome (SARS), Middle East Respiratory Syndrome (MERS)>® or
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H,N; influenza’ indicated that respiratory function abnormalities
and exercise capacity impairment may persist for long during fol-
low-up. However, studies that have compared SARS-CoV-2 to influ-
enza infection concluded that COVID-19, besides similarities, has
also several distinct features from influenza; these differences refer
to underlying pathophysiologic processes (endothelialitis, interfer-
on-y mediation of host-immune response and Iymphopeniag), patient
characteristics (COVID-19 patients are older but probably with less
comorbidities and lower prevalence of respiratory disorders, com-
pared to the ones with influenza”'%), clinical course (the fraction of
severe and critical infection and the risk ratio for most respiratory
and non-respiratory complications amongst patients with COVID-19
is significantly higher, compared to what is observed for influenza

infection”19),

imaging presentation (ground-glass opacities are
probably more often amongst COVID-19 compared to influenza pa-
tients'?) and prognosis. Since influenza infection cannot serve as an
accurate model for COVID-19,2 one can hypothesise that the short
and long-term respiratory function abnormalities of COVID-19 pa-
tients cannot be predicted by published data on other severe respi-
ratory infections. To the authors’ knowledge, no other study has yet
reviewed published literature regarding the potential functional ab-
normalities during short-term follow-up of patients who recovered
from COVID-19 disorder. However, such an approach could provide
valuable information regarding disease outcomes and prognosis and
offer further data towards the optimisation of follow-up.

Based on the aforementioned, the aim of this review is to sum-
marise the available published data regarding the potential changes
in: (a) respiratory function parameters, that is spirometric variables,
lung volumes, lung diffusion for carbon monoxide and respiratory
muscle strength, (b) arterial blood gases and (c) exercise capacity,
during the follow-up re-evaluation of patients who were hospitalised
and discharged because of COVID-19 disease.

2 | MATERIALS AND METHODS

A search of MEDLINE (December 2019-August 2020) was con-
ducted. We used the terms “covid 19,” “SARS-CoV-2,” “respiratory

» o« » o« » o«

function,” “pulmonary function,” “spirometry,” “diffusion,” “exercise
capacity,” “6-minute walking test,” “functional capacity,” “functional
assessment,” “follow-up,” and “longitudinal” in various combinations.
The reference list of all relative articles was also reviewed by the
authors, in order for further studies to be identified. Studies that
assessed any respiratory function parameter during follow-up re-
evaluation amongst discharged COVID-19 patients and were pub-

lished as full-text articles in English are included in this review.

3 | RESULTS

Amongst the 183 studies initially identified, 8 fulfilled the criteria and
are reported in this review (Table 1). These studies were all conducted

in adults and they included a total of 341 patients (55.7% males; age

Review criteria

e This review was conducted using MEDLINE database,
aiming to evaluate any respiratory function parameter
recorded during follow-up of patients who recovered
from COVID-19.

e The article screening and data extraction referred to
full-text manuscripts published in english between
December 2019 and August 2020 and was conducted

by two independent reviewers.

Message for the clinic

e Patients that recovered from COVID-19 present with
abnormal respiratory function at short term follow-up,
mainly a restrictive pattern and impaired diffusion.

e Data is scarce regarding whether these abnormali-
ties may be permanent or temporary and for how long
they may insist, thus longitudinal follow-up studies are

needed to draw safe conclusions.

range: 19-79 years). Four were retrospective studies, one was a pro-
spective cohort study, one was a randomised control trial and two
were cases series/case reports. The follow-up time ranged from
1 month since symptom onset to 3 months after discharge. Six stud-

ies were conducted in China, one in France and one in Italy.

3.1 | Spirometric parameters and lung volumes

The majority of patients had normal spirometry at follow-up; how-
ever, when pulmonary function was abnormal, the restrictive pattern
was more frequent than the obstructive one, amongst COVID-19
survivors. In the study of Huag et al,* 57 patients with no history
of respiratory disease who underwent rehabilitation were retro-
spectively evaluated a month after hospital discharge. The patient
group means of forced expiratory volume in 1 second (FEV,), forced
vital capacity (FVC), Tiffeneau index (FEV,/FVC) and total lung ca-
pacity (TLC) were normal. However, impairments in FEV,, FVC and
TLC were present amongst 8.8%, 10.5% and 12.5% of patients, re-
spectively, while a low Tiffeneau index compatible with obstruc-
tive disorder (<70) was present in one patient with smoking history.
Interestingly, TLC was the only lung volume measurement that dif-
fered between patients who recovered from mild or severe (as de-
fined by the presence of respiratory failure or shock or need for ICU
monitor and treatment) disease.! TLC also correlated with the total
severity score in the worst chest CT, but not in the follow-up CT.
Fumagalli et al studied 13 COVID-19 survivors who were admit-
ted to ICU because of bilateral pneumonia. At the time of clinical
recovery (ie, just before discharge), FEV, and FVC were lower than
lower limits of normal (LLN) and FEV,/FVC was higher than upper

limits of normal (ULN), indicating a restrictive pattern. At 6 weeks of
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Respiratory parameters

First Author Follow-up timepoints Study design Number of patients measured
Fumagalli A*? At time of clinical recovery and Case series 13 adults FEV, (LLN), FVC (LLN), FEV,/
6 wk later FVC (ULN)
Only at clinical recovery: 2-min
walking test, nocturnal SpO,,
ABGs
Huang % 30 d after discharge Retrospective study 57 adults FVC, FEV,, TLC, RV, DLCO,
Raw, R;, Ry, PImax, PEmax,
6MWD
Liu K8 At baseline and after 6 wk Randomised control study 36 adult controls FEV,, FVC, FEV,/FVC, TLCO,
(another 36 6MWD
underwent PR)
Frija-Masson s 1 mo after infection Retrospective study 50 adults FEV,, FVC, FEV,/FVC, DLCO,
KCO, TLC
Mo X*° 1 mo after symptom onset Retrospective cohort 110 adults FEV,, FVC, FEV,/FVC, MMEF,
study FEF5,, FEF,5, DLCO, DLCO/V,,
TLC, RV, RV/TLC, SpO,
You Jt¢ Between 5 and 6 wk after Prospective cohort study 18 adults FEV,, FVC, FEV,/FVC, MVYV,
discharge VC, TV, ERV, IRV, IC, MMEF,
FEF50, FEF75, SpO,
Zha LY 1st patient: 1 mo after discharge Case reports 2 patients FEV,, FVC, FEV,/FVC, DLCO,
2nd patient: 2 mo after disease PaO,, 6MWD
onset and 3 mo after disease
onset
Zhao Y-M* 3 mo after discharge Retrospective multi- 55 adults FEV,, FVC, TLC, DLCO, small

centre cohort study

airway function (no further
data)

Abbreviations: 6MWD, 6-minute walking distance; ABGs, arterial blood gases; DLCO, diffusing capacity for carbon monoxide; FEF, forced expiratory
flow; FEV,, forced expiratory volume in 1 s; FVC, forced vital capacity; KCO, transfer coefficient for carbon monoxide; LLN, low limits of normal;
MMEF, maximum mid-expiratory flow; PaO,, arterial oxygen partial pressure; PEmax, maximum static expiratory pressure; PImax, maximum static
inspiratory pressure; R20, central airway resistance at an oscillation frequency of 20 Hz; R5, airway viscosity resistance at an oscillation frequency
of 5 Hz; Raw, airway resistance; RV, residual volume; SpO,, arterial oxygen saturation; TLC, total lung capacity; TLCO, diffusing capacity for carbon

monoxide; ULN, upper limits of normal I.

follow-up FEV, and FEV,/FVC were not different than LLN and ULN
correspondingly, but FVC remained reduced, indicating a partially
persistent pattern of respiratory restriction.'?

Similarly, in an evaluation of 50 discharged non-critical patients
1 month after symptom onset, the majority of patients had mild im-
pairments of pulmonary function and mean group FEV,%, FVC%,
FEV,/FVC and TLC% predicted values were normal.’® Nevertheless,
when the patterns of pulmonary function were evaluated, 28% of
patients presented with a restrictive pattern (with or without diffu-
sion abnormalities). This percentage increased up to 51% amongst
patients who had presented with severe pneumonia, involving >50%
of parenchyma extent; the clinical severity of the disease course,
though, was not associated with differences in pulmonary function
variables.*®

The longest follow-up evaluation was conducted in the study
of Zhao et al, which included 55 eligible patients with non-critical
COVID-19 disease who had been discharged from the hospital.*
In this study, almost one out of four patients still presented with
a pulmonary function abnormality during the 3-month follow-up;

a restrictive pattern was present amongst 10.9%, an obstructive

pattern amongst 9.1% a mixed pattern in 5.5% of individuals, while
small airway dysfunction was present in almost 13% of participants,
although authors do not report the exact variables that were chosen
to indicate airway dysfunction. No correlation was found, though,
between FEV,%, FVC%, TLC% predicted values and the extent of
chest X-ray findings.**

In the larger study in the field, Mo et al evaluated 110 discharged
patients within a month after symptom onset; approximately 9% had
reduced FVC, 13.6% reduced FEV,, while in 5% of patients FEV,/
FVC was <70.}> The most frequent lung volume abnormality was
reduced TLC; it was present amongst 25% of the total patient group,
while almost half of these cases were found amongst those who had
recovered from severe disease. In this study, clinical severe cases
presented with significantly lower TLC% predicted, suggesting a
greater impairment of respiratory function amongst those patients.
However, Mo et al did not report the extent of parenchyma involve-
ment according to thorax computed tomography (CT) findings and
its potential association to spirometric variables, while the spiromet-
ric evaluation was conducted quite early in the course of the disease

that is 1 month after symptom onset.
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In another small study, You et al confirmed that the majority
of patients who recovered from COVID-19 presented with nor-
mal pulmonary function approximately 5-6 weeks after discharge.
Amongst the 18 patients evaluated though, the most common
spirometric abnormality was small airway dysfunction which was
present in one-third of the participants, while 16.7% presented
either an obstructive or a restrictive pattern.'® Zha et al published
the follow-up course of two COVID-19 who recovered, which was
significantly different; the first one presented with completely
normal lung function approximately 1 month after discharge,
while the second one with a restrictive lung function defect
(FVC = 62.3% and FEV,/FVC = 80.1%) at 2-month follow-up after
disease onset, which further worsens at 3-month follow-up.'” In
contrast to all other studies, one of the Liu et al indicated that
the patients’ group mean FEV,/FVC ratio was lower than 70 at
discharge, indicating the presence of obstruction, which persisted
at 6 weeks of follow-up. However, this was an open randomised
control study to evaluate the effects of respiratory pulmonary re-
habilitation (PR) on respiratory function amongst patients without
prior obstructive lung disease who recovered from COVID-19, that
is a clinical trial in a selective patient group >65 years old, so re-

sults can be less easily generalised.*®

3.2 | Diffusion abnormalities

The most common pulmonary function abnormality encountered
during patient follow-up is the impairment of diffusion capacity for
carbon monoxide (DLCO), which can be either isolated or in com-
bination with a restrictive pattern. Huang et alt reported that at
1-month follow-up after hospital discharge, the majority (52.6%) of
57 participants presented with abnormal DLCO (<80% of predicted);
of these patients approximately 13% had moderate DLCO impair-
ment (40%-60% predicted), while in the rest the impairment was
mild (>60% predicted). Interestingly, there was a significant differ-
ence in impaired diffusing capacity between the two groups, which
accounted for 42.5% in non-severe cases and 75.6% in severe cases,
respectively. Nevertheless, DLCO %predicted values did not corre-
late with TTS on worst chest CT during follow-up.*

In the study of Frija-Masson, where 50 discharged patients
were evaluated 1 month after symptom onset, the mean DLCO
%predicted was within normal values. However, 26% of patients
had isolated low DLCO, while another 16% presented with ab-
normal DLCO combined with a restrictive spirometric pattern®®
and the proportion of abnormal values was significantly different
between groups according to the CT extent of pneumonia (from
none/mild to severe). Similar to the rest of pulmonary function pa-
rameters, this study established no difference of DLCO between
the stages of clinical severity.

In the larger study of Mo et al, the mean DLCO %predicted
value was slightly reduced (78.2 + 14.3), while low DLCO val-
ues (<80% predicted) were noted amongst 47.2% of individuals

1 month after symptom onset.}> Mean DLCO %predicted values

significantly decreased and the proportion of abnormal DLCO sig-
nificantly increased with varying degrees of disease severity (from
mild to severe). Interestingly, for almost one out of two patients
with impaired DLCO, the transfer coefficient (DLCO/VA) remained
normal.

3.3 | Changes in respiratory muscle function

Currently, the only available data on respiratory muscle function
during follow-up of COVID-19 patients come from the study of
Huang et al'; according to this, more than half of patients pre-
sented with impaired respiratory muscle strength. Approximately
30 days after hospital discharge, maximum static inspiratory pres-
sure (Pimax) was below normal expected values in 49% of patients,
while another 23% presented with abnormal maximum static ex-
piratory pressure (Pemax). Authors report that no significant dif-
ference in respiratory muscle strength was noted between severe
clinical cases that were treated with glycocorticosteroids and non-
severe ones; however, group comparisons of mean Pimax values
yielded a level of significance of 0.059 and no sample size calcu-
lation was conducted, so the lack of group difference might be

guestionable.

3.4 | Arterial blood gases

Data regarding arterial blood gases during patients’ follow-up
after COVID-19 recovery are scarce. Mo et al reported that mean
oxygen arterial saturation (SpO,%) was normal and over 98%
amongst 110 patients who were studied 1 month after symptom
onset.’® In the smaller study of You et al,*® no patients out of the
18 that were assessed approximately 1 month after hospital dis-
charge presented with resting hypoxemia, as mean SpO, was 95%
and no difference was noted between patients with severe and
non-severe disease. Zha et al reported that in a case of a patient
who developed respiratory restriction at 3-month follow-up, arte-
rial oxygen partial pressure was low and just above 60 mmHg.17
In another small study, 50% of discharge-ready patients with
COVID-19 and normal resting oxygen saturation presented with
SpO, <90% during exercise and, thus, terminated 6MWT early19;
nevertheless, this assessment was conducted not during follow-
up, but just before hospital discharge, so longitudinal studies are
needed to identify whether these patients establish exercise-
induced desaturation.

3.5 | Exercise endurance and functional capacity

There are extremely limited data regarding the exercise capacity of
COVID-19 patients after recovery. In the study of Huang et al, the
mean 6-minute walking distance (6MWD) at 1 month of follow-up

was approximately 562 m; however, patients with severe disease
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were presented with significantly shorter 6MWD than the non-
severe ones (517.43 + 44.55 m vs 573.52 + 38.38 m; P = .012).
When the % predicted values were evaluated, the severe cases
reached only 88.4% of predicted values, which is significantly lower
than the non-severe cases, indicating a significant decrease in short-
term exercise capacity amongst them.

Exercise capacity was even worse in the study of Liu et al,’®
where an intervention group (that received respiratory PR after hos-
pital discharge) was compared to a control group (that did not receive
respiratory PR); in both groups mean 6MWD very low at baseline
(162.7 + 72.0 vs 155.7 + 82.1, correspondingly) and it remained in-
variable in the control group at 6 weeks of follow-up (157.2 + 71.7).
Although the latter study was conducted in elderly individuals with
one or more comorbidities, it indicates that exercise capacity can
markedly reduce amongst COVID-19 survivors and this reduction

may insist for a long.

4 | DISCUSSION

In this review, we summarised the existing literature regarding
follow-up lung function abnormalities amongst patients who were
discharged after recovering from SARS-CoV-2 infection; the most
remarkable finding is that existing data are scarce, as they come from
small studies which were conducted during very short-term follow-
up. Amongst the abnormalities noted, reduced DLCO was the most
frequently encountered, followed by a restrictive pattern, as they
may be evident in almost half of patients during follow-up. Other
interesting findings are the lack of resting hypoxemia, the reduced
respiratory muscle strength and the decreased exercise capacity, al-
though relative data are extremely limited.

Diffusion capacity abnormalities are a common complication
amongst patients that survived severe respiratory infections. In
a previous meta-analysis, the survivors of SARS and MERS were
presented with reduced DLCO that persisted in some cases up to
12 months after recovery5; this is consistent with relevant CT find-
ings which have reported that pulmonary fibrosis amongst survivors
of SARS can persist for up to 7 years.?’ The CT abnormalities re-
corded during the follow-up of patients with COVID-19 are similar;
You et al reported that after approximately 40 days from discharge,
61.1% of patients presented with ground-glass opacities and pulmo-
nary fibrosis.* In a larger study, Huang et al reported that at 30 days
of follow-up approximately, 54% of patients had residual abnormali-
ties in thorax CT and this percentage increased up to 94.1% amongst
those who had recovered from severe COVID-19 disease.! Most of
the residual imaging abnormalities were patchy ground-glass opac-
ities with periphery distribution, but pulmonary fibrosis could also
be noted amongst severe cases.! According to pathological case se-
ries, the major pulmonary finding amongst patients who survived or
died from COVID-19 was diffuse alveolar damage (DAD) in the acute

or organising phases?1?2

with more intense than usual perivascular
inflammation/endotheliitis,?? while focal pulmonary microthrombi

could also be present.?! These imaging and pathologic abnormalities
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are consistent and may explain the presence of low DLCO amongst
surviving COVID-19 patients; however, to what extent and for how
long these abnormalities may persist should be further studied.
Respiratory restriction is far more common than obstructive
abnormalities amongst these patients. The main respiratory func-
tion parameter that was found to be reduced was TLC, which was
the only lung volume parameter associated with the severity of

15,16

disease and with the extent of imaging abnormalities.*® Since

peripheral ground-glass opacities with or without pulmonary fibro-

sis are the main residual abnormality amongst these patients,*¢

a
restrictive respiratory function is compatible with these findings. A
previous publication suggested that alveolar volume (VA) might be
more compromised than DLCO during foIIow-up23; this hypothesis
was based on the fact that amongst COVID-19 patients ready for
discharge, DLCO/VA was found near normal, while DLCO abnor-
mal,*® indicating that complete acini with alveoli and blood vessels

surrounding them are affected,?>?*

while in the remaining function-
ally available alveolar volume, the actual carbon monoxide uptake
is possibly near normal. The pathogenetic mechanism that was pro-
posed was that although initial COVID-19 abnormalities might be
similar to that of SARS consisting of microvascular injury with some
interstitial thickening,?® it is followed by the development of alveolar

abnormalities with gradual loss of the alveolar spaces®*?°

and filling
of the alveoli with exudate at a later stage, resulting in decreased
lung volume and reduced pulmonary compliance.23’26 Moreover, de-
creased alveolar volume in discharged patients may be explained by
transient changes in the mechanical properties of the chest wall and
respiratory muscles after critical illness 2% ; this hypothesis agrees
with the scarce data on reduced respiratory muscle strength which
persists at follow-up.1 Although obstructive pattern with FEV,/FVC
<70 seems to be highly unusual amongst non-COPD patients, small
airway dysfunction is a common abnormality, but of low severity.
This finding may also be explained by small airway congestion,*® but
this is a hypothesis that needs to be further tested.

Do patients who survived COVID-19 face the risk of a chronic
respiratory disorder? Current data seem not yet sufficient to sup-
port or reject this notion, as the number of follow-up studies is
very limited, the number of patients included small and the fol-
low-up duration short. In the follow-up studies amongst patients
who recovered from SARS improvement of pulmonary function
abnormalities were noted in several, but not all patients. In the
study of Ng et al,?’ lung function abnormalities were present
amongst 75.4% survivors of SARS, at 6-month follow-up, while in
the study of Ong et al, pulmonary function abnormalities were still
present in one-third of the 94 SARS survivors at 1-year follow-up.®
In a meta-analysis, Ahmed et al’ indicated that, although lung
function significantly improved over time, the reduction in DLCO
was still present in 11%-45% of SARS survivors at 12 months,
while 6MWD slowly increased after 1 year. Although functional
long-term follow-up studies are scarce, Wu et al reported that im-
aging abnormalities may persist after 7 years amongst SARS survi-
vors, with findings compatible with pulmonary fibrosis, which is a

predominance of intralobular and interlobular septal thickening.?°
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Whether this may also be the progress of COVID-19 survivors, re-
mains to be studied.

5 | CONCLUSION

Patients who recovered from COVID-19 present with pulmonary
function abnormalities, decreased muscle strength and reduced
exercise capacity at short-term follow-up. However, because of the
paucity of current data, longitudinal studies, with systematic follow-
up assessment of pulmonary function, exercise capacity, respira-
tory muscles strength and exercise-induced hypoxemia are urgently
needed. Such studies would determine whether COVID-19 survivors
develop persistent functional impairments, when these impairments
become permanent and whether there are any risk factors that
may predict this unfavourable clinical outcome. And to go one step
further, these studies may facilitate the designing of individualised
pulmonary rehabilitation programmes amongst COVID-19 survivors
during both the post-acute and the long-term recovery phase, aiming
to optimise their long-term outcomes.
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