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Abstract

Background: The evaluation of COVID-19 systemic consequences is a wide research

field in which respiratory function assessment has a pivotal role. However, the available

data in the literature are still sparse and need further strengthening.

Aim: To assess respiratory function 4–6 months after hospital discharge based on lung

disease severity in patients who overcome COVID-19 pneumonia.

Methods: Patients hospitalised either in the Internal Medicine Department (IMD) for

moderate to severe disease or in the Intensive Care Unit (ICU) for critical disease under-

went spirometry with maximal flow-volume curve, lung volumes, lung diffusion capac-

ity (DLCO) and six-minute walking test (6-MWT).

Results: Eighty-eight patients were analysed: 40 from the IMD and 48 from the ICU.

In both cohorts, there was a greater prevalence of male patients. In the IMD cohort,

38% of patients showed at least one altered respiratory parameter, while 62% in the

ICU cohort did so (P < 0.05). Total lung capacity (TLC) and DLCO were the most fre-

quently altered parameters: 15% and 33% from IMD versus 33% and 56% from ICU,

respectively (P < 0.05). In IMD patients, 5% had only restrictive deficit, 22% had only

lung diffusion impairment and 10% had both. In ICU patients, 6% had only restrictive

deficit, 29% had only lung diffusion impairment and 27% had both (P < 0.05). ICU

patients showed a higher frequency of abnormal 6-MWT (P < 0.05).

Conclusion: Lung function tests and 6-MWT are highly informative tools for monitor-

ing the negative consequences of COVID-19 pneumonia, which were more frequent

and more complex in patients discharged from ICU.

Introduction

Almost 2 years after the first recorded cases, the SARS-

COV2 pandemic still represents a major problem for

health systems worldwide. Alongside the need to research

and adopt increasingly specific and effective preventive

strategies and treatments, a new field of research is open-

ing up: the characterisation of the medium- and long-

term consequences of COVID-19 infection.1,2

Several multicentre and multidisciplinary studies dem-

onstrated that individuals with previous SARS-COV2

infection had highly heterogeneous consequences. In fact,

along with their progressive recovery process, patients are

forced to live with new pathophysiological conditions,

such as increased fatigue even for light effort, breathless-

ness, neurologic and sleep disorders, loss of control of pre-

vious respiratory and cardiovascular conditions and the

onset of psychiatric disorders. The clinical relevance and

impact in patients’ everyday life of these conditions

prompted the scientific community to define them as a

unique pathological condition named long COVID.3–10
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In this picture, assessing the medium- and long-term
pulmonary consequences of COVID-19 pneumonia rep-
resents one of the most relevant research fields. The
most frequently adopted patient follow-up strategy is
based on clinical evaluation, respiratory function tests
and imaging techniques. Although clinical and imaging
evaluations provide a basis for a useful assessment of the
patient’s condition, they cannot offer specific quantita-
tive data on respiratory function recovery. Therefore, to
address the increasing need to track patients’ respiratory
function over time, considerable interest in applying
respiratory function tests and assessing gas exchange
dynamics is growing.11–17

Previous studies on this topic produced very interest-
ing results. However, interpretation was difficult due to
the high complexity of the pathophysiological back-
ground underlying the COVID-19 lung infection dynam-
ics and the lack of a COVID-dedicated and standardised
interpretative approach. Despite these limitations, initial
studies documented how the respiratory consequences
were associated with several factors, such as the severity
of lung infection, hospitalisation time and the need to
employ ventilation techniques. Similarly, the recovery
time needed for their resolution follows the severity of
the primary infection. Moreover, it was observed that in
subjects who overcome mild to severe forms of lung
infection, there was a tendency for a rapid respiratory
function improvement followed by a progressive slower
phase, often leading to its normalisation, while in sub-
jects who faced critical forms of lung infection, the
recovery process was slowed down and frequently
incomplete. In these patients, it has been hypothesised
that the massive inflammatory process downstream of
the lung infection might lead to a permanent restrictive
ventilatory defect caused by either fibrous alveolar
consolidation or the deposition of fibrotic matrix on the
pulmonary interstitium or both.18–22

On this basis, our study aimed to provide further
insights on the medium- and long-term respiratory func-
tion and exercise tolerance consequences in patients
who overcome COVID-19 pneumonia at different levels
of severity and to evaluate the role of respiratory
function tests as a routine follow-up tool.

Methods

Subjects and measurements

Respiratory function and exercise tolerance in a patient
population discharged 4–6 months after hospitalisation
have been assessed to observe possible medium- and
long-term residual lung damage. According to the sever-
ity of COVID-19 infection, patients were recruited from

the Internal Medicine Department (IMD) and the Inten-
sive Care Unit (ICU) of the ASST-Spedali Civili di Bre-
scia, Brescia, Italy, and divided into two cohorts.
Enrolled patients met the following criteria: age over
18, a laboratory-confirmed SARS-COV2 infection docu-
mented through real-time reverse transcription-poly-
merase chain reaction (RT-PCR) and pulmonary
involvement diagnosed with clinical evaluation and
chest X-ray or high-resolution computed tomography
(HRCT) imaging. Patients with a history of known
obstructive, restrictive or mixed ventilatory defects cau-
sed by previous respiratory conditions were excluded
from the study.

For each patient, physical examination, complete pul-
monary function test with maximal flow-volume curve,
lung volumes, lung diffusion capacity for carbon monox-
ide (DLCO) measurements and six-minute walking test
(6-MWT) were performed. Lung volumes were mea-
sured through the inert gas dilution technique using the
helium closed-circuit multi-breath method, while DLCO

along with alveolar volume (VA) and transfer coefficient
for CO (KCO) through a single-breath technique (BIO-
MEDIN Instruments, Padua, Italy). DLCO and KCO were
adjusted for patients’ haemoglobin levels. Values of total
lung capacity (TLC) < 80% predicted (pred.) and
DLCO < 80% pred. were chosen to identify the presence
of a restrictive ventilatory defect and lung diffusion
capacity reduction respectively.

Data were described according to the pulmonary func-
tion and 6-MWT results, and a dedicated database
reporting demographic traits, body mass index (BMI)
and relative percentages of the predicted respiratory and
exercise tolerance values such as TLC, VA, KCO, DLCO,
SaO2 pre and post effort and walked distance was
designed.

The study was performed in accordance with the Hel-
sinki declaration and was approved by the University of
Brescia’s Department of Clinical and Experimental Sci-
ence (DSCS) Ethics Committee. All participants signed
written informed consent upon enrolling.

Statistics

Data were expressed as mean ± standard deviation (SD),
and categorical variables were recorded as frequencies
and percentages. Differences between grouped data were
analysed with the chi-square test for categorical vari-
ables, while continuous variables were compared using
the Student’s t-test for paired data, and statistical signifi-
cance was assessed for P values < 0.05. Analyses were
performed using GraphPad Prism 6.0 (GraphPad Soft-
ware, La Jolla, CA).
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Results

A total of 88 patients with previous COVID-19 pneumo-
nia were enrolled and divided into two cohorts:
40 patients were discharged from IMD for moderate to
severe disease and 48 from ICU for critical disease. All
the enrolled patients performed the proposed respiratory
function tests. About 29 patients from the IMD and
47 from the ICU performed the 6-MWT.
A greater prevalence of male patients can be observed

in both cohorts, with an overwhelming majority from
the ICU (P < 0.05; df = 1; V = 0.21). Patients from the
ICU cohort had higher mean weight (P < 0.05; df = 86;
d = 5.55) but not significantly different BMI. On aver-
age, functional residual capacity (FRC), VA and DLCO (%
pred.) came out to be significantly lower in the ICU
cohort than in the IMD cohort (P < 0.05; df = 86;
d = 0.35–5.84–4.71 respectively) (Table 1).
Most patients discharged from the IMD (62%) had

their respiratory function within the normal limits com-
pared to those discharged from the ICU (38%) after 4–
6 months (P < 0.05; df = 1; V = 0.24) (Fig. 1). Only three
(7%) patients discharged from IMD, and none dis-
charged from ICU had an obstructive ventilatory defect
(FEV1/VC % < LLN). Six (15%) and 16 (33%) patients
discharged from IMD and ICU, respectively, had a
restrictive ventilatory defect. The percentages (and num-
bers) of patients with abnormal respiratory function
parameters after hospital discharge following COVID-19
pneumonia at 4–6 months were simultaneously dis-
played for both cohorts in Fig. 2. Comparing the two
cohorts, statistically significant differences between

frequencies of normal and abnormal values were found
for TLC, VA and DLCO (all P < 0.05; df = 1; V = 0.21–
0.26–0.23, respectively) (Fig. 2).
For the exercise tolerance assessment, we observed a

significantly higher frequency of tests with a 6-min wal-
ked distance (% pred.) lower than normal in patients dis-
charged from ICU (49%) compared with IMD patients
(24%) (P < 0.05; df = 1; V = 0.236) (Fig. 3), although the
average 6-min walked distance (% pred.) between the
two cohorts showed no significant differences (Table 2).

Assessment of pattern of residual lung
dysfunction between IMD and ICU cohorts

Patients were then divided into three groups for both
IMD and ICU cohorts, according to the impairment of
TLC and DLCO parameters to detect specific residual
lung damage. Patients with only reduction in lung vol-
umes as documented by a TLC value <80% pred. (group
A), patients with only interstitial lung damage as docu-
mented by a DLCO value <80% pred. (group B) and
patients with both TLC and DLCO values <80% pred.
(group C). Patients with TLC and DLCO values higher
than 80% pred. were considered to recover from any
relevant SARS-COV2 pneumonia-related lung function
impairment.
In the IMD cohort, nine (22%) patients showed a

decreased DLCO alone. Lung volume reduction alone
(TLC < 80% pred.) was found only in two (5%) patients,
while mixed damage (DLCO and TLC < 80% pred.) was
documented in four (10%) patients (Fig. 4).
In the ICU cohort, a decreased DLCO alone was docu-

mented in 14 (29%) patients. Lung volume reduction
alone (TLC < 80% pred.) was found in only 3 (6%)
patients, and a decrease of both TLC and DLCO (<80%
pred.) was found in 13 (27%) patients (Fig. 4).
Comparing the patterns of residual lung dysfunction

between the two cohorts, only mixed damage with TLC
and DLCO < 80% pred. was more often observed in ICU
patients (P < 0.05; df = 1; V = 0.21).

Discussion

The findings of this study show that the severity of pneu-
monia due to COVID-19 infection, as inferred by the
care setting, has not only more frequent and serious
medium and long-term consequences on lung function
and exercise tolerance, as expected, but a different pat-
tern of residual lung functional damage.
Unfortunately, only one third of patients treated in

ICU had all pulmonary function tests within the normal
limits after 4–6 months from hospital discharge, in sharp
contrast to patients treated in IMD.

Table 1 Demographic characteristics and respiratory function parame-
ters of enrolled patients 4–6 months after hospital discharge

IMD (n = 40) ICU (n = 48) P value

Sex (M/F) 26/14 40/8 0.048
Age (years) 63 ± 10 60 ± 9 0.254
Height (cm) 167 ± 11 169 ± 9 0.199
Weight (kg) 80 ± 15 87 ± 16 0.024
BMI (kg/m2) 29 ± 5 30 ± 5 0.124
VC% pred. 108 ± 22 101 ± 19 0.109
FVC% pred. 109 ± 23 102 ± 20 0.120
FEV1% pred. 106 ± 22 107 ± 20 0.975
FEV1/FVC% 78 ± 7 84 ± 6 0.0003
FRC% pred. 87 ± 23 76 ± 21 0.029
RV% pred. 76 ± 17 71 ± 17 0.137
PEF% pred. 111 ± 15 115 ± 21 0.289
TLC% pred. 93 ± 14 87 ± 14 0.074
VA% pred. 89 ± 16 83 ± 12 0.025
DLCO% pred. 85 ± 18 77 ± 14 0.019
KCO% pred. 100 ± 21 96 ± 19 0.450

Data are mean ± SD. ICU, Intensive Care Unit; IMD, Internal Medicine
Department.
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Figure 1 Frequency of normal and abnormal pulmonary function tests (PFTs) observed in patients discharged from the Internal Medicine Department

(IMD) and Intensive Care Unit (ICU) after 4–6 months. On top of the columns, the numbers of patients are shown. More pathological PFR was found in

ICU discharged patients (*=P < 0.05). ( ) PFT NORMAL and ( ) PFT NORMAL.

Figure 2 Comparison of frequency of normal and abnormal pulmonary function parameters, among those more compromised, between patients dis-

charged from the Internal Medicine Department (IMD) and Intensive Care Unit (ICU) after 4–6 months. On top of the columns, the numbers of patients

are shown. Abnormally reduced TLC, VA and DLco were found more frequently in ICU discharged patients (*=P < 0.05). DLCO, Lung Diffusion capacity;

TLC, Total Lung Capacity. ( ) IMD > 80% pred., ( ) IMD < 80% pred., ( ) ICU > 80% pred. and ( ) ICU < 80% pred.
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In fact, more than 60% of patients discharged from
ICU showed an impairment of lung function at
4–6 months. In this respect, the exaggerated inflamma-
tory response of the host to viral pneumonia with severe
gas exchange impairment (often configuring an ARDS
condition) and excessive stress and strain on the lung
parenchyma leading to self-inflicted lung injury are
undoubtedly primary factors for such an outcome differ-
ence, but the ventilator-induced lung injury, due to
unavoidable invasive mechanical ventilation, can likely
contribute to the residual lung damage in survivors com-
ing from intensive care.23–27

In both cohorts, the alveolar-capillary membrane
damage caused by inflammatory-fibrotic thickening of
alveolar septa (besides microvascular thrombosis) was
the most common and persistent lung parenchyma dys-
function after COVID-19-related pneumonia, as docu-
mented by the DLCO reduction. However, a concomitant
restrictive ventilatory defect was found in the ICU cohort

much more frequently than in the IMD cohort,
suggesting a more widespread and marked development
of lung tissue scar consolidation. Consequently, a greater
occurrence of resting and mostly exertional dyspnoea is
predictable as an unfavourable late clinical outcome in
ICU discharged patients. This suspicion is supported by
the higher frequency of abnormal 6-MWTs documented
in the ICU cohort patients.
An isolated lung volume reduction was rarely

observed, similarly in the two cohorts. The consolida-
tion (i.e. organising pneumonia) and/or shrinkage (i.e.
parenchymal bands) of a relevant amount of lung
parenchyma, excluded from alveolar ventilation, was
indeed a possible, although infrequent, consequence of
COVID-19 pneumonia because, in the presence of a
compensatory increase in KCO in the other preserved
regions of the lung, a VA reduction cannot cause a sig-
nificant DLCO decrease.17,28

The findings that emerged in this study are pretty sim-
ilar to those reported in many other follow-up studies,
although of different duration, underlying once again
that lung diffusion capacity decrease and lung volume
reduction, individually or together, are the main
unfavourable consequences for lung function in survi-
vors of COVID-19 pneumonia.18,29,30 The novelty of
our data lies in the fact that the severity of the viral
lung infection may definitely influence not only the fre-
quency but also the pattern of the residual lung dam-
age. Indeed, in patients discharged from ICU, a more

Figure 3 Frequency of normal and abnormal six-minute walking tests (6-MWTs) observed in patients discharged from the Internal Medicine Depart-

ment (IMD) and Intensive Care Unit (ICU) after 4–6 months. On top of the columns, the numbers of patients are shown. More pathological 6-MWTs

were found in ICU discharged patients (*=P < 0.05). ( ) 6-MWT NORMAL and ( ) 6-MWT ABNORMAL.

Table 2 Six-minute walking test parameters of enrolled patients 4–
6 months after hospital discharge

IMD (n = 28) ICU (n = 47) P value

SaO2%-pre 97 ± 1 98 ± 1 0.004
SaO2%-post 96 ± 2 96 ± 3 0.503
Distance %pred. 88 ± 16 82 ± 18 0.165

Data are mean ± SD. ICU, intensive care unit; IMD, internal medicine
department.
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complex pattern of disease in which lung volume
reduction and lung diffusion capacity decrease coexist
was more frequently observed than in patients dis-
charged from IMD. These results agree with what was
reported in one study, which limited the observation
period in the early convalesce phase, showing that this
pattern of pulmonary impairment may last for a long
time in more severely affected patients.19

Finally, this work underlines once again that more
comprehensive pulmonary function tests and 6-MWT
performed as a follow-up strategy in patients hospitalised
after COVID-19 infection leading to pneumonia may
accurately describe the sequelae of the potential lung
damage and represent an informative, reliable and cost-
effective tool for monitoring the long-term respiratory
dysfunction of these patients.

We recognise some limitations in our study, mainly
related to the patients’ lack of respiratory function tests
before hospital admission. Therefore, theoretical values
corrected for the anthropometric patients’ characteristics
were adopted to judge the collected results. Among other
limitations, we acknowledge the lack of specifically gender-
oriented comparisons and the lack of evaluation of enrolled
subjects’ smoking history and non-respiratory comorbidities.

Conclusion

In conclusion, the study shows that in patients hos-
pitalised for COVID-19 infection leading to pneumo-
nia, the severity of lung involvement is remarkably
important for the medium- to long-term conse-
quences for pulmonary function, not only because of
the lower probability of full recovery but also for the
more complex pattern of residual pulmonary dysfunc-
tion where the interstitial fibrotic thickening can be so
marked and extensive leading to a significant restric-
tion, often associated with and aggravated by fibrous
shrinkage/consolidation of relevant portions of lung
parenchyma.
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Figure 4 Comparison of frequency of residual lung disease patterns between patients discharged from the Internal Medicine Department (IMD) and

the Intensive Care Unit (ICU) after 4–6 months. On top of the columns, the numbers of patients are shown. Only the coexistence of reduced TLC and

DLCO was the pathological pattern significantly more represented in patients discharged from ICU (*=P < 0.05), while reduced TLC alone and reduced

DLCO alone were similarly reported in both cohorts. DLCO, Lung Diffusion capacity; TLC, Total Lung Capacity. ( ) IMD > 80% pred., ( ) IMD < 80% pred.,

( ) ICU > 80% pred. and ( ) ICU < 80% pred.
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