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Introduction: Survivors of COVID-19 infection may develop post-covid pulmonary fibrosis (PCF) and suffer from
long term multi-system complications. The magnitude and risk factors associated with these are unknown.
Objectives: We investigated the prevalence and risk factors associated with PCF and other complications in pa-
tients discharged after COVID-19 infection.

Methods: Patients had phone assessment 6 weeks post hospital discharge after COVID-19 infection using a set
protocol. Those with significant respiratory symptoms were investigated with a CTPA, Pulmonary Function Tests
and echocardiogram. Prevalence of myalgia, fatigue, psychological symptoms and PCF was obtained. Risk factors
associated with these were investigated.

Results: A large number of patients had persistent fatigue (45.1%), breathlessness (36.5%), myalgia (20.5%) and
psychological symptoms (19.5%). PCF was seen in 9.5% of the patients and was associated with persistent
breathlessness at 6 weeks and inpatient ventilation [adjusted OR 5.02(1.76-14.27) and 4.45(1.27-15.58)]
respectively. It was more common in men and in patients with peak CRP >171.5 mg/L, peak WBC count >12 x
10 9/L, severe inpatient COVID-19 CXR changes and CT changes. Ventilation was also a risk factor for persisting
fatigue and myalgia, the latter was also more common in those with severe cytokine storm and severe COVID-19
inpatient CXR changes.

Conclusions: All the patients discharged after COVID-19 should be assessed using a set protocol by a multidis-
ciplinary team. Patients who had severe COVID-19 infection particularly those who were intubated and who
have persistent breathlessness are at risk of developing PCF. They should have a CT Chest and have respiratory
follow-up.

psychological [11] sequalae. Many patients also suffer from fatigue,

1. Introduction

The COVID-19 pandemic has been the biggest challenge facing the
world in modern times. Globally more than 69 million cases and 1.5
million deaths have been recorded as of December 10th, 2020 [1]. The
initial focus has rightly been on the provision of health care facilities and
developing treatments for hospitalised COVID-19 patients. There have
been encouraging results with Dexamethasone [2] and Remdesivir [3,4]
in reducing mortality and morbidity respectively. As survival improves,
the next challenge we face is identifying and managing longer term
complications of COVID-19 infection [5,6].

There are indications that a significant number of COVID-19 survi-
vors develop longer term respiratory [7-9] cardiovascular [10] and
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myalgia and memory impairment [12-14]. There is a need to identify
the magnitude of these complications so that health care resources can
be suitably allocated [5]. There is a particular concern that a proportion
of the patients could develop post-COVID fibrosis (PCF) in their lungs
similar to the survivors of MERS and SARS-CoV1 [8,15,16]. Patients
developing pulmonary fibrosis often suffer from progressive breath-
lessness and need long term follow up [17]. There is a need to identify
risk factors for developing PCF so that those at risk can be promptly
investigated and managed or entered into future therapeutic clinical
trials.

In May 2020, the British Society of Thoracic Imaging (BSTI) pub-
lished codes (0-3) for assessing and reporting post-COVID changes on
CT scans [18]. This has helped in providing standardisation while
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List of abbreviations

ARDS Acute Respiratory Distress Syndrome
BMI Body Mass Index
BSTI British Society of Thoracic Imaging

COPD  Chronic Obstructive Pulmonary Disease
CRP C-Reactive Protein

CT Computed Tomography

CTPA CT Pulmonary Angiogram

CXR Chest X-ray

DLCOc  Diffusion Capacity for Carbon Monoxide Corrected for
Hemoglobin
FEV1 Forced Expiratory Volume in one second

FVC Forced Vital Capacity
HRCT  High Resolution CT

ICU Intensive Care Unit
IPF Idiopathic Pulmonary Fibrosis
LV Left ventricular

CAT COPD Assessment Tool

MERS Middle East Respiratory Syndrome
MRC Medical Research Council

MRI Magnetic Resonance Imaging

PE Pulmonary Embolus

PCF Post-COVID Fibrosis

PCVCT Post COVID-19 CT Chest Codes
PFT Pulmonary Function Test

RT-PCR Real Time - Polymerase Chain Reaction

SARS-CoV1 Severe Acute Respiratory Syndrome — Coronavirus 1
TLC Total Lung Capacity

WBC White Blood Cell

reporting the CT scans and identifying post-COVID fibrosis on thoracic
CT scans.

Eight hundred and ninety-eight patients were admitted to our insti-
tution with COVID-19 between March and July 2020. We developed a
pathway for the follow-up of patients discharged after COVID-19
infection which is presented in this observational study. We have also
described the persisting symptoms and the magnitude of systemic ef-
fects, particularly PCF, in our cohort. We have further identified risk
factors associated with the development of PCF.

2. Methods

All patients admitted to our hospital with COVID-19 (defined as
admission to an acute inpatient bed, with either a positive SARS-COV2
naso-pharyngeal swab on RT-PCR, or a clinico-radiological diagnosis
of COVID-19), were identified. We developed a pathway for the outpa-
tient follow up of all the patients who were successfully discharged.
Patients deemed unable to manage a phone consultation (those with
significant memory loss, nursing home residents and those patients who
were discharged with a palliative intent) were excluded. The rest of the
patients were offered a phone consultation with a respiratory physician
6 weeks after discharge. The patients who answered the phone consul-
tation were included. The patients who could not be contacted over the
phone were further excluded from this analysis. We wrote to the general
practitioners of all the excluded patients asking them to refer the pa-
tients back to us if there was a concern in the community.

2.1. First consultation by telephone

We used a standardised proforma to assess the patients which is
described in the supplement. We collected laboratory investigation data
during the inpatient admission with COVID-19 particularly, the peak
levels of CRP, ferritin, D-dimer, WBC and the lowest lymphocyte count
which were used as biomarkers of cytokine storm. Chest X rays during
their inpatient stay were reviewed and the worst CXR was divided into
low and high risk as described by Toussie et al. [19] Those patients who
were clinically judged to have persistent significant respiratory symp-
toms were investigated with a CTPA with high resolution reconstruc-
tion, PFT and echocardiogram and offered a follow-up outpatient
appointment with a respiratory consultant.

Patients without respiratory symptoms at the time of the phone clinic

were asked to have a follow up CXR 10 weeks after discharge if they had
COVID-19 changes on their inpatient CXR. If this CXR showed persistent
changes, they were investigated and reviewed using the same pathway
as the symptomatic patients. The rest of the patients were discharged
from respiratory follow up and referred to appropriate other specialities
if required.

2.2. Second outpatient assessment

CTPA, PFT and echocardiogram findings were reviewed. CT chest
was reported by two thoracic radiologists and the post-COVID pulmo-
nary changes were coded as PCVCTO-3 as per the BSTI coding [18]. Only
those patients whose CT scans showed established fibrosis + ground
glass abnormalities (PCVCT3) were classified as having post-COVID
fibrosis. The extent of the interstitial abnormality on both this (follow
up) and the worst inpatient CT chest was scored between 0 and 25, a
score >18 was classified as high risk CT, as described previously [20].
This scoring was performed by an experienced respiratory consultant
with an interest in interstitial lung diseases.

We estimated the persistent disease burden by calculating the
number of patients with anxiety, depression, fatigue, myalgia and PCF.
We assessed the association of PCF, fatigue and myalgia with a number
of variables including demographics (gender, race, age and BMI),
markers of cytokine storm, high risk inpatient CXR, history of ICU
admission and invasive ventilation use during the inpatient stay. The
following additional factors were also assessed for association with the
development of PCF — premorbid respiratory disease, co-morbidities
(diabetes, hypertension, ischemic heart disease, chronic liver disease
and history of long term dialysis), smoking status, inpatient CT score,
PFT parameters, MRC, AMRC (Difference in post and pre-COVID MRC
dyspnoea scores), CAT score and persistent symptoms. The association
between the inpatient and outpatient CT chest score was also assessed.

2.3. Statistical analysis

Data analysis was performed using STATA version 16.1 [21]. The
categorical data is expressed as frequency (%) and compared using the
Chi-squared test. Univariate logistic regression analysis was undertaken
to examine associations with significant outcomes. Results are expressed
as odds ratio (OR) and 95% confidence intervals (CI). Continuous data is
presented as medians (interquartile range) and compared using the
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Mann-Whitney U test. Optimal cut points for discriminating outcomes
with significant differences were determined using the Liu method [22],
then univariate logistic regression was used to assess associations. Those
variables with significant associations and where we had data from
>150 observations were entered into step wise logistic regression
analysis. Association between the outpatient and inpatient CT score was
assessed using Pearson’s correlation coefficient. P values of <0.05 are
considered significant.

The data presented here was collected as part of a new service
evaluation, and judged by the St George’s NHS Clinical Research com-
mittee to be exempt from NHS Research Ethics Committee review, and
as per Health Research Authority’s COVID guidelines ‘anonymised in-
formation can then be used in health and care research’ [23].
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3. Results

Outcomes of hospital discharged patients (Fig. 1).

A total of 603 COVID-19 patients were successfully discharged from
our institution. A total of 387 (64.2%) of these patients completed the
phone consultation and were included in this analysis. One hundred and
twenty-three patients (31.8% of those phoned) were judged to need
further investigations and a second outpatient respiratory review.

3.1. Results at the phone (first) clinic

The median age of the patients was 63 (50-75) years, 114 (31.2%) of
the patients were smokers. Two hundred and nineteen (56.6%) were

N= 898

Total number of patients admitted Total number of deaths

— N= 295

l

N=603

Patients discharged from hospital

Deemed unsuitable for phone
—_— consultation, N= 169
(excluded from the study)

l

Telephone Consultation
N=434

l

_—> N=47

Not contactable by phone

(excluded from the study)

N=387
(included in the study)

Phone consultation completed

] Abnormal in-patient CXR, Symptomatic
Asymptomatic
_—> follow-up CXR ordered N=106
N=281
N=177
\ 4
Persistent abnormal CXR

No concern on CXR, N=110
Did not attend CXR, N=50
Discharged

Normal in-patient CXR
N=104
Discharged

N=17

CTPA, lung function and
Echocardiogram requested,
second outpatient
consultation, N=123

Fig. 1. Flow chart Showing outcomes of patients admitted to our institution with COVID-19.
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Table 1
Symptom burden.

Symptom Frequency (%)

Breathlessness 135 (36.5%)"

Cough 83 (22.7%)*

Chest Pain 39 (10.77%)"

Fatigue 165 (45.1%)"

Myalgia 75 (20.5%)"
Data available for.

a N = 370.

b N = 366.

male. Eighty-four (21.7%) patients had an ICU admission, 60 (15.6%)
patients required invasive ventilation.

The symptom burden of patients is shown in Table 1. The commonest
symptom, fatigue, was present in 165 (45.1%) patients. One hundred
and thirty-five (36.5%) of the patients had persistent breathlessness with
a median CAT score of 6 (2-12), 112 (32.2%) of the patients had a
clinically significant CAT score of >10. Median post COVID-19 MRC
score was 3 (2-4). We could only reliably assess AMRC score in 140 of
the patients, the median AMRC score was 1 (0-2). Thirty-nine (12.5%)
patients had anxiety, 49 (15.7%) had depression, 27 (8.6%) patients had
both so a total of 61 (19.5%) had ongoing psychological symptoms.

3.2. Results from the second consultation

CT scan findings: A CTPA was requested for 123 patients, of which 6
patients did not attend. Of those who had a CTPA, 33 (28.2%) had
normal lung parenchyma (PCVCTO) on high resolution reconstruction
images with no ground glass abnormality, tractional bronchiectasis or
honeycombing, 45 (38.5%) had improving ground glass abnormalities
as compared to inpatient CT and no tractional bronchiectasis or hon-
eycombing (PCVCT1). Three patients (2.6%) had persisting significant
residual ground glass abnormalities and no tractional bronchiectasis or
honeycombing. (PCVCT2 changes). Thirty-six (30.8%) patients had both
ground glass abnormalities and established fibrosis in the form of trac-
tional bronchiectasis (PCVCT3) which represents 9.3% of the patients
included in this analysis, none of these patients developed honey-
combing. Median CT score on the inpatient and outpatient CT was 15
(11-20) and 8 (0-13) respectively. The extent of persisting interstitial
abnormalities (outpatient CT score) was moderately associated with the
inpatient CT score r = 0.58, p < 0.001. CT scores in each of the BSTI
categories (PCVCT1-3) are shown in Table 2.

3.3. Data presented as median (interquartile range)

Pulmonary embolus (PE) was seen in 6 patients (7.7% of those who
had a CT scan and 1.6% of the study population), of these 4 were known
to have PE during their inpatient stay and 2 new cases were identified.

Lung function: We only observed only a mild reduction in lung

Table 2
Extent of Interstitial Abnormality on outpatient CT scans.

BSTI CT Stage CT Score no. of observations
PCVCT1 7 (5-9.5) 48

PCVCT2 14 (12-15) 3

PCVCT3 14 (12.5-17) 36
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Table 3
Lung function data in fibrotic and non fibrotic patients.

No Fibrosis Post-Covid P value (no. of
Fibrosis observations)
FEV1 (L) 2.61 2.59 ns (109)
(2.07-3.23) (2.08-3.13)
FEV1 (%predicted) 90 (74-97) 89.9 (80-103) ns (109)
FVC (L) 3.28 3.11 (2.38-3.7) ns (109)
(2.76-3.92)
FVC (%predicted) 89.2(76.8-98) 85.4 ns (109)
(74.7-96.7)
DLCOc (mmol/ 5.94 5.10 0.07 (103)
min/kPa) (4.62-7.52) (4.05-6.22)
DLCOc (% 70.4 59 (52.7-67.8) 0.03* (103)
predicted) (58.7-79.6)
TLC (%predicted) 87 (76-97.5) 73.4 0.027* (62)

(71.3-81.7)

Data presented as Median (interquartile range) compared using Mann-Whitney
U test *significant.

volumes in the PCF group with a median TLC (% predicted) of 73.4%
(71.3-81.7) and moderate reduction in gas transfer DLCOc (%opredicted)
of 59% (52.7-67.8). DLCOc% and TLC% was lower in these patients as
compared to those without PCF, there was no difference in FVC or FVC%
in the two groups (Table 3).

Echocardiogram findings: Five patients (1.3%) had LV dysfunction
and 9 (2.3%) were found to have pulmonary hypertension.

3.4. Factors associated with PCF (Table 4 a-c)

The strongest association was seen with invasive ventilation during
the inpatient admission, OR 12.9 (6.09-27.31). Patients who developed
PCF were also on the ventilator for a longer period of time. ICU
admission itself was associated with a risk of developing fibrosis, but this
was no longer significant when adjusted for invasive ventilation.

Men were 2.93 (1.3-6.6) times more likely to develop PCF. All the
on-going symptoms were associated with a risk of developing fibrosis,
with the strongest association seen with persistent breathlessness, OR
10.44 (4.21-25.91). Patients with fibrosis had a higher AMRC and CAT
score. Only the presence of breathlessness and myalgia [adjusted OR 3.6
(1.18-10.98) and 3.11 (1.27-7.61) respectively] were associated with
the risk of PCF when adjusted for all the symptoms and CAT score of
>10.

Patients with PCF had higher values of peak WBC count, CRP,
ferritin, D-dimer and lower minimum lymphocyte count. Those with a
peak WBC count of >12 x 10°/L and CRP >171.5 mg/l were 6.16
(2.8-13.5) and 2.51 (1.24-5.1) times more likely to develop PCF. Only
peak WBC >12 x 10°/L was associated with a significant risk [adjusted
OR 5.61 (2.44-12.92)] of PCF when corrected for other markers of
cytokine storm. Patients with inpatient CT score >18 and high risk
inpatient CXR changes were also more likely to develop PCF.

On multiple step logistic analysis inpatient invasive ventilation and
persistent breathlessness were the only two independent risk factors
[adjusted OR 3.48 (1.16-10.49) and 5.25 (1.86-14.81) respectively]
associated with post-COVID fibrosis when adjusted for these, male
gender, persistent myalgia, peak WBC count and high risk CXR during
inpatient COVID-19 admission.

Age, BMI and both respiratory and non-respiratory co morbidities
were not associated with the development of PCF.
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Table 4a
Demographic and comorbidity data in non fibrotic and fibrotic group.

Respiratory Medicine 188 (2021) 106602

No Fibrosis Post-COVID Fibrosis

P value (no. of observations)

OR (95% CI) unadjusted OR (95% CI) adjusted

Age 63 (50-76) 61.5 (54.5-66.5) ns (387)
Sex (male) 191 (54.4%) 28 (77.8%) p = 0.007* (387) 2.93 (1.3-6.6) 1.61 (0.58—4.47)b
Chronic lung disease 67 (19.3%) 7 (19.4%) ns (383)
COPD 13 (3.7%) 1 (2.8%) ns (383)
Asthma 28 (8%) 4(11.1%) ns (383)
Diabetes mellitus 95 (27.1%) 6 (16.7%) ns (386)
Hypertension 131 (37.5%) 13 (36%) ns (385)
Ischemic heart disease 40 (11.4%) 1 (2.8%) ns (386)
Chronic liver disease 4 (1.2%) 0 (0%) ns (385)
Chronic Dialysis 15 (4.3%) 0 (0%) ns (387)
Smokers 226 (68.3%) 25(73.5%) ns (383)
BMI" 27.4 (23.7-31.7) 26.4 (23.4-30.3) ns (337)
Ethnic - White 114 (38.8%) 10 (34.5%) ns (323)
Ethic - Black 62 (21.1%) 6 (20.7%) ns (323)
Ethnic -Asian 54 (18.4%) 7 (24.1%) ns (323)
Ethnic - other 64 (21.8%) 6 (20.7%) ns (323)

Data presented as Frequency (%) compared using Chi square test except.

# Median (interquartile range) compared using Mann-Whitney U test * significant.
b Adjusted for male sex, persistent breathlessness, myalgia, invasive ventilation, Peak WBC count and high risk CXR during COVID-19 admission.

Table 4b
Persistent symptoms in fibrotic and non fibrotic patients.

No Fibrosis Post Covid Fibrosis

P value (no. of observations)

OR (95% CI) unadjusted OR (95% CI) adjusted

Breathlessness 106 (31.6%) 29 (82.9%) <0.001* (370) 10.44 (4.21-25.91) 5.25 (1.86-14.81)"
Cough 64 (19.1%) 19 (54.3%) <0.001*(370) 5.03 (2.45-10.32)

Chest pain 28 (8.5%) 11 (31.4%) <0.001*(366) 4.96 (2.2-11.17)

Fatigue 136 (40.7%) 29 (82.9%) <0.001*(366) 7.04 (2.84-17.41)

Myalgia 54 (16.3%) 21 (61.8%) <0.001*(366) 8.32 (3.93-17.62) 1.68 (0.65-4.36)"
MRC pre-Covid" 1(1-2) 1(1-1) 0.008* (320)

MRC post-Covid* 2024 3(2-4) 0.099 (141)

A MRC" 1(0-1) 2(1-3) 0.001* (140)

CAT score” 6 (2-10) 14 (7-18) 0.001* (348)

CAT >10 89 (28.4%) 24 (68.6%) 0.001* (348) 5.49 (2.58-11.68)

Data presented as Frequency (%) compared using Chi square test except.

# Median (interquartile range) compared using Mann-Whitney U test *significant.
b Adjusted for male sex, persistent breathlessness, myalgia, invasive ventilation, Peak WBC and high risk CXR during COVID-19 admission.

Table 4c

In-patient ICU admission and investigations in Fibrotic and Non Fibrotic Subjects.

No Fibrosis Post Covid Fibrosis

P value (no. of observations) OR (95% CI) unadjusted OR (95% CI) adjusted

Admitted to ICU
Intubated

61 (17.4%)
38 (10.7%)

23 (63.9%)
22 (61.1%)

Duration intubated * (days) 14 (7-34) 27.5 (19-49)
Peak CRP" (mg/L) 130.5 (70-218) 214 (122-379)
Peak WBC * (10%/L) 9.4 (7.1-13.4) 17.1 (11.9-21.3)

Peak Ferritin * (ug/L)
Peak D-Dimer” (ng/ml)

906 (526-1620)
619 (310-2633)

1250 (932-2735.5)
3026 (1530-5467)

Minimum Lymphocytes® (109/L) 0.7 (0.5-1.0) 0.5 (0.4-0.8)
High risk Inpatient CXR 136 (46.7%) 29 (85.3%)
In patient CT score” 14 (11-19) 21 (17-23)
High risk inpatient CT (score >18) 21 (28%) 9 (64.3%)

<0.001* (387)
<0.001* (387)
0.004* (387)
0.001* (375)
<0.001* (375)
0.036 *(145)
0.001 *(145)
0.006* (375)
<0.001* (325)
0.001 * (89)
0.008 * (89)

8.38 (4.02-17.46)

12.9 (6.09-27.31) 3.48 (1.16-10.49) ©

6.16 (2.8-13.5) 2.57 (0.85-7.79) "

6.61 (2.49-17.6) 3.31 (0.82-13.33) "

4.63 (1.39-15.4)

Data presented as Frequency (%) compared using Chi square test except.

# Median (interquartile range) compared using Mann-Whitney U test * significant.
b Adjusted for male sex, persistent breathlessness, myalgia, invasive ventilation, Peak WBC and high risk CXR during COVID-19 admission.

¢ Unadjusted OR for Peak WBC >12 x 10%/L.

3.5. Risk factors associated with fatigue

Persistent fatigue was associated with ICU admission and strongly
associated with invasive ventilation, OR 3.1 (1.72-5.6) (Table 5).
Although patients with fatigue had a lower median BMI (26.5)
compared to those without fatigue (28.9), this is not clinically signifi-
cant as both lie in the overweight range. There was no significant as-
sociation seen with any of the other studied variables although there was

a trend towards a higher CRP in the fatigued patients. ICU admission was
no longer significant when adjusted for invasive ventilation.

3.6. Risk factors associated with myalgia

Peak CRP, D-dimer and WBC count were significantly higher in pa-
tients with persistent myalgia (Table 6). Of these peak WBC count >11
x 10°/L, was the only risk factor associated with myalgia when adjusted
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Table 5

Risk Factors associated with Fatigue.

Respiratory Medicine 188 (2021) 106602

No Fatigue Fatigue present P value (no. of observations) OR (95% CI) unadjusted
Age 64 (50-76) 61 (49-72) 0.12 (369)
Sex (male) 119 (57.2%) 89 (42.8%) 0.4 (369)
Ethnic - White 63 (53.4%) 55 (46.6%) ns (311)
Ethic - Black 40 (60.6%) 26 (39.4%) ns (311)
Ethnic -Asian 33 (54.1%) 28 (45.9%) ns (311)
Ethnic - other 37 (56.1%) 29 (43.9%) ns (311)
BMI” 28.9 (23.9-32.7) 26.5 (23.5-30) 0.035* (319)
Admitted to ICU 34 (41%) 49 (59%) 0.003* (369) 2.1(1.28-3.45)
Intubated 19 (32.2%) 40 (67.8%) <0.001* (369) 3.1 (1.72-5.6)
Number of days intubated * 17 (7-26) 22 (11-45) 0.097 (369)
Minimum lymphocytes"(log/L) 0.7 (0.5-1.0) 0.7 (0.5-1.0) 0.64 (369)
Peak WBC count’(10%/L) 9.8 (7.2-13.7) 10.1 (7.1-15.6) 0.37 (369)
Peak CRP" (mg/L) 133 (73-212) 147 (81-276) 0.081 (369)
Peak ferritin® (ug/L) 961.5 (559-1625) 999 (562.5-2053.5) 0.68 (145)
Peak D-dimer” (ng/ml) 657.5 (328-2473) 1122 (326-3821) 0.138 (145)
High risk inpatient CXR 78 (47.9%) 83 (55.7%) 0.167 (312)

Data presented as Frequency (%) compared using Chi square test except.

# Median (interquartile range) compared using Mann-Whitney U test * significant.

Table 6
Risk Factors associated with Myalgia.

No myalgia Myalgia P value (no. of observations) OR (95% CI) unadjusted OR (95% CI) adjusted
Age 64 (50-76) 60 (50-64) 0.09 (366)
Sex male 158 (76.7%) 48 (23.3%) 0.13 (366)
Ethnic -White 94 (80.3%) 23 (19.7%) ns (308)
Ethic - Black 52 (80%) 13 (20%) ns (308)
Ethnic -Asian 46 (76.7%) 14 (23.3%) ns (308)
Ethnic - other 56 (84.6%) 10 (15.2%) ns (308)
BMI* 27.5 (23.7-31.2) 26.5 (23.6-32.4) 0.53 (317)
Admitted to ICU 49 (16.9%) 34 (45%) <0.001* (366) 4.1(2.36-7.1)
Intubated 29 (10%) 30 (40%) <0.001* (336) 6.0 (3.3-10.94) 2.49 (1.16-5.35) [3]
Duration intubated (days)® 12 (7-26) 35 (15-48) 0.008*
Minimum Lymphocytes”(lOg/L) 0.7 (0.5-1.0) 0.7 (0.5-0.9) 0.47 (366)
Peak WBG(10°/L) 9.4 (7-13.4) 12.2 (8.5-19.8) 0.001* (366) 2.79 (1.6-4.7)" 1.79 (0.92-3.49) [3]
Peak CRP" (mg/L) 131 (73-214) 181 (83-302) 0.008* (366)
Peak ferritin® (ug/L) 961.5 (491-1564) 1053.5 (602-2432) 0.26 (145)

Peak D-Dimer” (ng/ml)
High Risk Inpatient CXR

671 (312-2997)
107 (44.6%)

1987.5 (553-3979)
53 (76.8%)

0.025* (145)

<0.001* (309) 4.12 (2.23-7.61) 2.64 (1.33-5.24) [3]

Data presented as Frequency (%) compared using Chi square test except.

# Median (interquartile range) compared using Mann-Whitney U test * significant.
b Unadjusted OR for peak WBC >11 x 10°/L, 3Adjusted for invasive ventilation, Peak WBC count and high risk CXR during COVID-19 admission.

for all the other markers of cytokine storm, adjusted OR 2.4 (1.37-4.21).
High risk inpatient CXR was also associated with myalgia. Invasive
ventilation [OR 6.0 (3.3-10.94)] was also associated with myalgia but
ICU admission was no longer significant when corrected for invasive
ventilation. The number of days on the ventilator was also higher in
those with myalgia. Invasive ventilation and high risk CXR were the two
factors associated with myalgia [adjusted OR of 2.49 (1.16-5.35) and
2.64 (1.33-5.24) in multiple regression model comprising these and
peak WBC count.

4. Discussion

There is no validated pathway available for investigating patients for
long term complications after discharge from hospital with COVID-19
infection. British Thoracic Society’s guidance suggests using a CXR 12
weeks post discharge, with a further clinical assessment recommended
only in those with persistently abnormal x-rays or those patients who
needed critical care admission [24]. However, a recent study has shown
that a follow up x-ray on its own is insufficient for assessing recovery in
post-COVID patients as many patients with a normal CXR have a sig-
nificant symptom burden [25]. In this study we have described a simple
holistic outpatient follow up pathway, which uses an initial phone clinic
to assess symptoms and targeting investigations in symptomatic patients
with onward referral to appropriate specialities for timely management.

4.1. Post COVID-19 symptom burden

A large number (36.5%) of patients suffer from persistent breath-
lessness, many patients also have fatigue, myalgia, and psychological
symptoms 6 weeks after discharge from COVID-19 infection. This is
similar to the results seen in other studies [12,13,26,27]. The degree of
breathlessness is moderate to severe with a median MRC dyspnea score
of 3 (2-4), which was an average of 1(0-2) point higher than the
pre-COVID score. We also found that a majority of the patients (56.3%)
had difficulty in estimating their MRC dyspnea score because they had
not started to exercise or go outdoors since discharge from hospital. CAT
score has been validated in assessing symptom burden in patients with
COPD and IPF [28-30], patients in this study were able to estimate this
score easily.

We found that CAT score >10 was useful in predicting risk of
developing post-COVD fibrosis, making it a useful simple tool in
assessing respiratory symptoms in this setting. As post-COVID-19 pa-
tients have a diverse symptom burden, they should be assessed in a
multi-disciplinary clinic comprising of respiratory physicians, physio-
therapists, occupational therapists and psychologists.

4.2. Estimation of Post-COVID fibrosis

9.3% of our study population had post-COVID fibrosis. One study has
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described prevalence of post-COVID pulmonary abnormalities on CT in
63% of the patients, no patient in that study had pulmonary fibrosis
[27]. Other studies from previous pandemics have shown that at 12
months there is 20-45% prevalence of pulmonary fibrosis on CT scans
after H7N9 [31] and SARS [32] respectively. The higher rate reported in
these studies is likely because these studies did not use specific criteria to
define interstitial changes and fibrosis. Our study is the first study to
specifically describe prevalence of post-COVID-19 fibrotic lung disease
as we selected patients with definite fibrotic change on CT (PCVCT3
changes as per BSTI coding [18]). The extent of interstitial abnormalities
on the outpatient follow up CT Chest (CT score) was related to the
COVID-19 inpatient CT score (r = 0.58). It is difficult to be certain
whether these changes will persist or resolve with time and longer term
follow up over a year will be useful. This is one of the reasons why we did
not classify patients with isolated ground glass changes (PCVCT1 and 2)
as having PCF.

Patients with PCF had a moderate reduction in DLCOc, only mild
reduction in TLC and had a normal FVC. Other studies have also shown
that changes in DLCO are most sensitive in predicting post-COVID pul-
monary disease [27,33]. Therefore, spirometry on its own is insufficient
for screening for PCF. Gas transfers are essential if lung physiology is
used as a screening tool, this is challenging because these require trained
physiologists and access to lung function is restricted due to
cross-infection risk.

Similar to a previous study [27] we only found 2 (0.5%) new cases of
PE in our study and these patients had high risk factors for
thrombo-embolism. One of these had deep vein thrombosis few weeks
before the CTPA and the other had suspected gall bladder cancer. This is
in contrast to a higher incidence of PE in acute COVID-19 infection [34].
The low incidence is likely to be due to prompt diagnosis, management
and widespread use of thrombo-prophylaxis during acute COVID.
Therefore, non-contrast HRCT would suffice as the imaging modality in
this cohort and CTPA can be reserved for patients with a high risk of PE.

Only 1.2% patients were found to have LV dysfunction in our study
which is similar to another recent study [27]. Previous studies have
estimated a much higher (20%) incidence of cardiac damage during
acute COVID-19 infection [35,36]. The low incidence of cardiac
dysfunction in our study could be because we used echocardiogram
rather than superior modalities such as cardiac MRI [37].

4.3. Risk factors for developing PCF

This study shows that patients developing PCF are symptomatic with
breathlessness, myalgia, cough, chest pain and fatigue. Men are more
likely to develop PCF, men are also more likely to have more severe
acute COVID-19, so perhaps this is simply a reflection of severity of
COVID in men [38-40].

ICU admission, especially invasive ventilation is the strongest risk
associated with development of PCF. This is similar to the findings in the
SARS epidemic, [41,42]. Patients developing PCF have higher markers
of cytokine storm and peak WBC count during their inpatient course.
This is similar to other studies which have shown that these are risk
factors for mortality with COVID [39,43,44]. High risk inpatient CXR
and higher score on inpatient CT Chest were also associated with the
development of post COVID fibrosis. Previous studies have also shown
that severity of changes on both inpatient CXR and CT Chest are good
predictors of mortality and severity of acute COVID [20,45,46]. It is
possible that patients who suffer a severe cytokine storm during acute
COVID-19 infection develop more severe CXR and CT changes and are
more likely to be intubated and later develop PCF.

We have identified that receipt of invasive ventilation and persistent
breathlessness are the two independent risk factors associated with
developing PCF when corrected for all the other risk factors. Therefore,
these group of patients should have a CT Chest and respiratory follow

up.
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4.4. Risks for myalgia and fatigue

Patients with persisting myalgia had higher levels of markers of
cytokine storm, high risk inpatient CXR and there was a trend towards a
higher CRP in those with persistent fatigue. Patients admitted to ICU,
especially those who were ventilated are at very high risk of developing
myalgia and fatigue. Cytokine storm is the mechanism behind severe
illness, ICU admission and ventilation during acute COVID [39,47] and
this along with muscle wasting and deconditioning in ICU are likely to
be the mechanisms behind persistent myalgia and fatigue.

4.5. Limitations of the study

We did not include any questionnaires to screen for memory
impairment as we were apprehensive that these would be difficult to
administer over the phone. Similarly, we do not have data on Vitamin D
levels in our study. Vitamin D deficiency may be a risk factor associated
with long term complications of COVID-19 particularly fatigue. We
would suggest that post-COVID-19 follow up protocols include screening
for memory impairment [25,48] and assess Vitamin D levels especially
in those with persistent fatigue and myalgia.

We did not use 6-min walk test [49] or 1-min sit-stand test [50] to
screen patients for further cardio-respiratory investigations as these
require a face to face encounter. There may be a role of these tests in
screening patients for PCF and need further research.

We performed CTPA with high resolution reconstruction in this
study. CTPA was chosen as the imaging modality so that we did not miss
pulmonary emboli. We acknowledge that the contrast used in CTPA can
sometimes give a false impression of ground glass change on the images,
but it does not over estimate tractional bronchiectasis, the presence of
which is necessary for the CT scans to be classified as PCVCT3 (the
criteria used in this study to define PCF). Therefore, the radio-contrast
and imaging modality of CTPA instead of high resolution CT Chest
would not affect the accuracy of assessment of PCF. We are confident
that we screened the patients meticulously and only those patients who
had no respiratory symptoms and no COVID-19 changes on their inpa-
tient or follow up CXR did not have CT imaging. It is unlikely that these
patients would have PCF.

5. Conclusions

Patients discharged from hospital after COVID-19 infection should be
screened with standardised questionnaires (such as used in this paper)
for respiratory symptoms, fatigue, myalgia and psychological disorders.
Questions directed at screening for memory impairment should also be
incorporated.

As these patients have a large and diverse symptom burden, they
should be managed by a MDT comprising of respiratory physicians,
physiotherapists, occupational therapists and psychologists with access
to other specialities as needed.

All patients who received invasive ventilation and those who have
persistent breathlessness (especially men), those who had high risk
inpatient CXR, high inpatient CT scores and high markers of cytokine
storm (CRP >171.5 mg/L and WBC >12 x 10%/L) are at risk of devel-
oping post-COVID fibrosis and should have a HRCT Chest and respira-
tory review.

Spirometry on its own is not helpful in screening patients for post-
COVID fibrosis, patients should instead have gas transfer and lung vol-
umes performed if feasible.
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