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High Prevalence of Pulmonary Sequelae at 3 Months
after Hospital Discharge in Mechanically Ventilated
Survivors of COVID-19
To the Editor:
Severe coronavirus disease (COVID-19) is characterized by acute
hypoxemic respiratory failure, usually with extensive consolidations
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and areas with ground glass on chest computed tomographic (CT) scans
(1). Whether long-term respiratory sequelae persist in survivors of
severe COVID-19 remains to be established. This report describes our
ﬁndings of respiratory outcomes in mechanically ventilated survivors of
COVID-19 at 3 months after hospital discharge.
Methods

We recorded clinical and follow-up data of all patients with COVID-19
treated at our ICU in the Maastricht Intensive Care COVID
cohort (registered in the Netherlands Trial Register [NL8613]) (2).
The institutional review board of Maastricht University Medical
Center1 approved the study, and informed consent was obtained
(METC2020–2287). During admission, ventilator strategies included
lung-protective ventilation (VT < 6 ml/kg) and positive endexpiratory pressure titration using electrical impedance tomography.
Prone positioning was considered when the PaO2/FIO2 ratio was less
than 112.5 mm Hg (15 kPa) and maintained for at least 12 hours.
At 3 months after hospital discharge, survivors were screened
at a multidisciplinary post-ICU outpatient clinic for respiratory
outcomes with pulmonary function testing (PFT), including
spirometry, lung volumes, and diffusing capacity for carbon
monoxide adjusted for Hb, chest high-resolution CT (HRCT)
imaging, and 6-minute-walk test (6-MWT). Two experienced
radiologists systematically scored chest HRCT scans for the presence
of pulmonary abnormalities, including ground-glass opaciﬁcations,
reticulation, consolidations, bronchiectasis, atelectasis, presence of
new emphysema, cystic changes, air trapping, extent of lobe
involvement, and total lung involvement. The extent of lobe
involvement was visually scored on a 0–5 scale, as follows: 0 = no
involvement, 1 = 1–5%, 2 = 6–25%, 3 = 26–50%, 4 = 51–75%, and
5 = .75% involvement (3). The CT Severity Score (CTSS) was
calculated by adding the lobar scores. HRCT scans were compared
with scans performed at presentation (n = 33) at the emergency
department or during admission (n = 5), depending on availability.
All data are presented as median (interquartile range [IQR]).
Correlations between CTSS, PFT results, and 6-MWT were
assessed using Spearman’s rank correlation.
Results

During the ﬁrst European pandemic wave between March and May
2020, the Maastricht Intensive Care COVID cohort included 94
patients. Fifty-two (55%) patients were alive 3 months after hospital
discharge, and 48 of them (92%) participated in the follow-up
clinic. The four missing patients attended follow-up elsewhere.
Follow-up (IQR) occurred at a median of 120 (103–135) days after
intubation and 90 (80–99) days after hospital discharge. Baseline
characteristics are detailed in Table 1.
We found diminished TLC and diffusion capacity in 23 and 36
participants, respectively, but no airway obstruction on PFT (Table 1),
whereas ﬁve participants had no abnormalities. The median 6-MWT
result was 482 m (82% of predicted distance). Two participants were
on home supplemental oxygen, and four participants experienced a
signiﬁcant saturation drop during this test (.4% drop).
Only two participants had no signs of COVID-19–related
abnormalities at follow-up HRCT scan. HRCT scans showed
ground-glass opacities in 89% (n = 41) of cases. Signs of
reticulation, including course ﬁbrous bands either with or
without obvious parenchymal distortion, bronchiectasis, and
bronchiolectasis, were seen in 67% (n = 31) of cases and were
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Table 1. Baseline Characteristics, PFT, and HRCT Imaging Results at 3-Month Follow-Up
Baseline Characteristics on Admission (N = 48)
Age, yr
Sex, M
BMI, kg/m2
Origin of admission
Emergency department
Hospital ward
Transfer from another ICU
Pre-ICU length of stay, d
APACHE II score
Preexisting lung disease
Asthma
COPD
Smoking status
Current smoker
Former smoker
Charlson Comorbidity Index
0
1–2
3–4
5 or more
Leukocyte count, 1029/L
C-reactive protein, mg/L
D-dimer, mg/L
PaO2/FIO2 ratio, mm Hg
Prone positioned during ICU admission
Pinsp, cm H2O
PEEP, cm H2O
VT/kg bodyweight, ml/kg
Dynamic compliance, ml/cm H2O
Received steroids during admission*
IMV duration, d
ICU length of stay, d
Hospital length of stay, d
Hospital discharge location
Home
Nursing home
Rehabilitation center
Rehabilitation center length of stay, d†
ECMO during admission

PFT (N = 43)
FEV1, L
FEV1/VC, %
FVC, L
RV, L
TLC, L
DLCOc, L‡
6-MWT, mx
MRC Dyspnea score
Grade 0–1 (none/mild)
Grade 2–3 (moderate)
Grade 4–5 (severe)

63.00 (55.00–68.00)
33 (68.8)
27.68 (25.18–30.47)
11
27
10
3.00
15.0
3
3
0

(22.9)
(56.2)
(20.8)
(1.00–5.00)
(13.0–17.3)
(6.2)
(6.2)
(0.0)

0 (0)
23 (48)
6
24
15
3
9.25
191
1,343
116
22
26
14
5.46
37.25
12
18.5
20.5
32.0
7
1
39
14.0
3

Absolute Value
2.9
79.9
3.6
2.0
5.6
5.4
480.0

(12.5)
(50.0)
(31.2)
(6.2)
(7.88–10.75)
(99–264)
(726–5,097)
(92–156)
(45.8)
(24–28)
(12–14)
(4.98–6.02)
(29.80–48.85)
(25.0)
(9.0–28.5)
(10.8–33.3)
(21.0–40.0)
(14.9)
(2.1)
(83.0)
(7.0–27.3)
(6.2)

Percentage of Predicted

(2.6–3.5)
(76.1–86.6)
(3.1–4.2)
(1.6–2.2)
(4.6–6.7)
(4.6–6.3)
(386.0–536.0)

95.0 (77.0–104.5)
—
87.0 (70.0–106.0)
88.0 (70.0–103.0)
84.0 (71.5–102.5)
61.0 (50.0–69.0)
81.5 (69.5–99.5)

Below LLN
11
0
16
9
23
36

(25.6)
(0.0)
(37.2)
(20.9)
(53.5)
(87.8)
—

27 (62.8)
14 (32.5)
2 (4.7)

HRCT Imaging Results (N = 46)
Fibrosis
Ground glass
Atelectasis
Dominant pattern
Reticular
Ground glass
No abnormalities
Decreased attenuation
Due to small-airways disease
Due to new emphysema
CTSS

42 (91.3)
41 (89.1)
15 (32.6)
31
13
2
25
21
12
11.0

(67.4)
(28.3)
(4.3)
(54.3)
(45.7)
(25.0)
(5.0–15.0)

Definition of abbreviations: 6-MWT = 6-minute-walk test; APACHE = Acute Physiology And Chronic Health Evaluation; BMI = body mass index;
COPD = chronic obstructive pulmonary disease; CTSS = Computed Tomographic Severity Score; DLCOc = diffusing capacity for carbon monoxide adjusted
for Hb; ECMO = extracorporeal membrane oxygenation; HRCT = high-resolution chest computed tomographic; IMV = invasive mechanical ventilation;
LLN = lower limit of normal; MRC Dyspnea = Medical Research Council Dyspnea questionnaire; PEEP = positive end-expiratory pressure; PFT = pulmonary
function testing; Pinsp = inspiratory pressure in bilevel pressure-controlled ventilation; RV = residual volume.
Data are presented as median (interquartile range) or n (%) unless indicated otherwise. For laboratory results and ventilator settings, the worst value for the
first 24 hours of admission was recorded.
*Defined as receiving steroid treatment for at least 2 days or more.
†
Three patients were still admitted to a rehabilitation center at the moment of follow-up.
‡
DLCOc failed in two patients.
x
Two patients were on supplemental oxygen while performing the 6-MWT.
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assumed to represent ﬁbrosis. One-quarter of the survivors showed
new emphysematous destruction or cavitation that was not present
at baseline scan or showed obvious deterioration of preexistent
emphysema (Figure 1). Some air trapping was common, but it was
not a dominant feature. Traction bronchiectasis was rare and not a
dominant feature at follow-up.
Total severity scores for the 3-month follow-up scans ranged
from 0 to 25, with a median score of 11. Participants with limited
residual changes mainly showed subpleural parenchymal bands or
small plate atelectasis. No predilection for a certain part of the lungs
was noted. Residual lesions were predominantly located in the areas
that showed crazy paving (ground glass with reticulation) at
presentation, whereas areas with consolidations observed during
admission appeared to be spared at 3 months. Diffusion capacity was
signiﬁcantly correlated with both TLC (r = 0.56; P , 0.001) and
6-MWT (r = 0.53, P , 0.001) but not with CTSS.
Discussion

We assessed respiratory sequelae of invasively mechanically
ventilated patients with COVID-19 detailing both pulmonary
function and HRCT scan results at 3 months after hospital discharge.
Key ﬁndings were high prevalence of diminished diffusion capacity
and TLC and ﬁbrotic changes on HRCT images. These ﬁndings add to
previous studies reporting a lower prevalence of pulmonary
dysfunction in patients with COVID-19. However, these reports were
based on less severely ill patients with COVID-19 who were not
supported by invasive mechanical ventilation (4) or who were
ventilated for a shorter duration (5). As such, our data represent the
more severe spectrum of COVID-19 disease.
Based on our HRCT ﬁndings, ﬁbrosis (evident from reticular
pattern found in the majority of participants) and ground-glass
opaciﬁcations were the dominant pathophysiological hallmarks
observed. Notably, ground-glass opaciﬁcations were still present
at 3 months after hospital discharge, mainly with a subpleural
distribution similar to a nonspeciﬁc interstitial pneumonia pattern or
a diffuse distribution with lower density than in areas of ground glass
seen at baseline imaging. Whether these are signs of ﬁbrosis or of
ongoing inﬂammation is speculative, but this may become clear from

A

follow-up imaging studies. Finally, we noted new emphysematous
abnormalities both in areas showing a so-called vacuole sign at
baseline imaging as well as in areas outside the areas with inﬁltration.
The former might be explained by direct parenchymal destruction
caused by infection; the latter ﬁnding could be a manifestation of
ventilator-induced injury.
Long-term pulmonary effects have been documented in patients
with acute respiratory distress syndrome (ARDS) and, to a lesser extent,
in respiratory syndromes caused by coronaviruses such as severe acute
respiratory syndrome (SARS) and Middle East Respiratory Syndrome
(MERS) (6–8). Comparisons with our ﬁndings in COVID-19 should be
interpreted with caution, as populations and follow-up strategies varied
highly. In general, ﬁbrotic changes on chest imaging were described in
survivors of ARDS, SARS, and MERS (6, 7, 9). Fibrosis in our cohort
was diffusely distributed in the lungs, which contrasted with the usually
described localization in the anterior parts of the lungs in severe ARDS
(9). To our knowledge, the new areas of emphysema we observed seem
speciﬁc for COVID-19 compared with SARS or MERS (10).
In addition, the sparse data available suggest similar
predominant reduction in diffusion capacity in survivors of COVID-19
compared with survivors of ARDS, SARS, and MERS (6–8). Whether
this reduction in diffusion capacity is aggravated by the vascular and
thrombotic complications witnessed in patients with COVID-19
remains to be investigated (11). Furthermore, as reported for ARDS,
physical capacity was clearly diminished in our cohort, which
correlated as expected with reduced lung function (8).
Strengths of our follow-up cohort include the inclusion of only
mechanically ventilated patients and the high follow-up response
rate. An important limitation is the lack of a direct comparison
between survivors of COVID-19 and survivors of non–COVID-19
ARDS, which remains speculative at this point. Other limitations
include the single-center character and the lack of baseline
information on pulmonary function before the infection.
Moreover, at the time of study initiation, the high incidence of
pulmonary embolism in COVID-19 was not (yet) acknowledged
and therefore not systematically screened for.
It is likely that the observed HRCT scan and PFT abnormalities
will—at least partially—resolve over time, as was shown in

B

Figure 1. Representative high-resolution chest computed tomographic (HRCT) images of two of the survivors. (A) HRCT imaging performed at admission
(upper row) and at 3-month follow-up (lower row). Chest computed tomographic (CT) imaging at admission shows typical bilateral subpleural ground-glass
opacities. No signs of previous emphysema were detected. However, follow-up HRCT imaging shows obvious emphysematous destruction. (B) CT image
at presentation at emergency department with evident ground areas with reticulation (crazy paving). Follow-up reveals diffuse areas of persistent ground
glass without reticulation, as well as areas with low density in previously normal areas, possibly due to hypoperfusion.
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long-term evaluations of survivors of SARS, MERS, and ARDS (6,
8, 12). Nevertheless, the long-term detrimental impact of these
pulmonary sequalae on patient health and quality of life in
survivors of ARDS is well established (13). Whether respiratory
effects of COVID-19 hold similar implications has yet to be
investigated. As such, our ﬁndings support long-term respiratory
follow-up of mechanically ventilated patients with COVID-19.
Conclusions

The majority of invasively mechanically ventilated survivors of COVID19 still had abnormal pulmonary function tests and residual changes on
HRCT scans at 3 months after hospital discharge. Diminished diffusion
capacity, diminished TLC, and ﬁbrosis on HRCT were the dominant
features. Our ﬁndings warrant intensive respiratory follow-up of
mechanically ventilated patients with COVID-19. n
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SARS-CoV-2 Detected on Environmental Fomites
for Both Asymptomatic and Symptomatic Patients
with COVID-19
To the Editor:
Severe acute respiratory syndrome coronavirus (SARS-CoV) and
Middle East respiratory syndrome coronavirus (MERS-CoV),
relatives of SARS-CoV-2, are implicated in nosocomial outbreaks
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