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Abstract

Background Routine follow-up of patients hospitalised with COVID-19 is recommended, however due to the
ongoing high number of infections this is not without significant health resource and economic burden. In a previous
study we investigated the prevalence of, and risk factors for, persistent chest radiograph (CXR) abnormalities post-
hospitalisation with COVID-19 and identified a 5-point composite score that strongly predicted risk of persistent CXR
abnormality at 12-weeks. Here we sought to validate and refine our findings in an independent cohort of patients.

Methodology A single-centre prospective study of consecutive patients attending a virtual post-hospitalisation
COVID-19 clinic and CXR as part of their standard clinical care between 2nd March — 22nd June 2021. Inpatient and
follow-up CXRs were scored by the assessing clinician for extent of pulmonary infiltrates (0-4 in each lung) with
complete resolution defined as a follow-up score of zero.

Results 182 consecutive patients were identified of which 31% had persistent CXR abnormality at 12-weeks.
Patients with persistent CXR abnormality were significantly older (p <0.001), had a longer hospital length of stay
(p=0.005), and had a higher incidence of both level 2 or 3 facility admission (level 2/3 care) (p=0.003) and ever-
smoking history (p=0.038). Testing our composite score in the present cohort we found it predicted persistent CXR
abnormality with reasonable accuracy (area under the receiver operator curve [AUROC 0.64]). Refining this score
replacing obesity with Age > 50 years, we identify the SHADE-750 score (1-point each for; Smoking history, Higher-
level care (level 2/3 admission), Age =50 years, Duration of admission > 15 days and Enzyme-lactate dehydrogenase
(LDH = 750U/L), that accurately predicted risk of persistent CXR abnormality, both in the present cohort (AUROC 0.73)
and when retrospectively applied to our 1st cohort (AUROC 0.79). Applied to both cohorts combined (n=213) it again
performed strongly (AUROC 0.75) with all patients with a score of zero (n=18) having complete CXR resolution at
12-weeks.
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Conclusions In two independent cohorts of patients hospitalised with COVID-19, we identify a 5-point score which
accurately predicts patients at risk of persistent CXR abnormality at 12-weeks. This tool could be used by clinicians to
identify patients in which radiological follow-up may not be required.

Keywords COVID-19, SARS-CoV-2, Chest radiograph, LDH

Background

Despite novel COVID-19 treatments and vaccines,
the COVID-19 pandemic continues with high levels of
infection and there is now appreciation in the scientific
community that the COVID-19 pandemic will end with
the severe acute respiratory syndrome coronavirus — 2
(SARS CoV-2) virus becoming endemic [1]. National
and international guidelines have been published out-
lining follow-up strategies for patients hospitalised with
COVID-19 [2, 3]. Current British Thoracic Society (BTS)
guidance recommends a follow-up chest radiograph
(CXR) at 12-weeks for all patients hospitalised with
COVID-19 pneumonia [3] to monitor for potential long
term sequelae such as post-COVID fibrosis [4]. Since
implementation of these guidelines, studies have identi-
fied persistent CXR abnormality in 13-38% of COVID-
19 survivors at 2—3 month follow-up [5-7].

As a consequence of the ongoing high-rate of infec-
tion the follow-up of patients hospitalised with COVID-
19 has a significant and ongoing health resource and
economic burden [8, 9]. Hence there is clinical need for
the development of prognostic tools which aid triage of
patients into those who require routine follow-up and
those where it may not be necessary.

In a previous article, [7] we described outcomes of a
prospective study of patients hospitalised during the U.K
1st wave of the COVID-19 pandemic (March-June 2020)
attending virtual follow-up. In this article 32% of patients
had persistent CXR abnormality at 12-weeks and using
a five-point composite model (1-point each for; hospital
length of stay>15 days, Level 2 or 3 care facility admis-
sion, admission lactate dehydrogenase [LDH]>750 U/L,
obesity, and ever smoking-status) strongly predicted
patients at risk of persistent abnormality (area under the
receiver operating characteristic curve [AUROC] 0.81).

In this study we sought to validate and refine the risk
score in an independently recruited second cohort of
patients. With the aim of testing how accurately it could
identify a group of patients who do not require routine
CXR follow up following hospitalisation with SARS
CoV-2 infection.

Methods

This was a prospective cohort study at a single academic
medical centre, University Hospital Southampton NHS
Foundation Trust (UHSFT). The present cohort com-
prised consecutive patients hospitalised with PCR con-
firmed symptomatic SARS CoV-2 infection attending

for a 12-week virtual follow-up clinic and CXR as part of
their standard clinical care between 2nd March — 22nd
June 2021. Ethical approval was obtained from the South-
Central Hampshire A Research Ethics Committee (REC
reference (20/SC/0138) as part of the REACT study
(REal-time Analytics for Clinical Trials observational
study of COVID-19). Informed consent was waived
because of the study design.

The general methodology for the study is as previously
described [7]. Briefly, baseline and 12-week follow-up
CXRs were scored for COVID-19 related pulmonary
infiltrates by the assessing clinician at the virtual fol-
low-up appointment from 0 to 4 for each lung (0=nil,
1=<25%, 2=25-50%, 3=51-75%, 4=>75%) [10]. The
baseline CXRs were defined as the last film prior to
patient’s discharge (or the admission film if only one
radiograph was performed). This was either a postero-
anterior (PA) or anteroposterior (AP) film as performed
during standard of care. Follow-up outpatient films were
all departmental PA chest radiographs.

Level 2 care was defined as patients requiring single
organ support excluding mechanical ventilation (High
dependency unit) and level 3 care those requiring
mechanical ventilation alone or two or more organ sup-
port (Intensive care unit).

Baseline and 12-week follow-up LDH samples were
taken as part of routine standard clinical care and ana-
lysed at UHSFT. Here, continuous data is presented as
the median and interquartile range (IQR) with compari-
sons between data made using the Mann Whitney U-test
and Chi-squared test (x2) as appropriate. Association
between continuous variables was assessed using Spear-
man’s correlation coefficient (r). Model discrimination
is presented using the area under the receiver operating
characteristic curve (AUROC). We first tested the per-
formance of our previously published 5-point compos-
ite score. This score was then revised and re-tested with
the aim of increasing its performance based on associ-
ated risk factors identified in the present study. P values
of <0.05 were deemed significant. Statistical analysis was
conducted using IBM°-SPSS® (version 26).

Results

One-hundred and eighty-two (n=182) consecutive
patients were identified 54% of which were male. The
median (IQR) hospital length of stay was 9 days [8-13]
and median CXR follow-up interval was 80 days (74—96)
(Table 1). Compared to our previous study, patients in
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the present study were non-significantly older (median
58 years vs. 54 years p=0.07), had a higher incidence of
obesity (40% vs. 28% p=0.03) and a lower incidence of
hypertension (23% vs. 35% p=0.03). Furthermore, a lower
proportion of patients had a level 2/3 care facility admis-
sion (31% vs. 49% p<0.01), this reflecting the enrichment
of our previous study cohort for patients requiring higher
level care (Supplemental Table 1).

At the 12-week virtual follow-up, the most common
persistent symptoms in the present study were dyspnoea
in 39% and fatigue in 35%. 73% (73%) of patients were
discharged following their 12-week virtual appointment.

The median CXR scores at baseline and 12-week fol-
low-up were 5.0 [3-6] and 0.0 (0-1) respectively. Per-
sistent CXR abnormality (score>1) was present in 31%
(n=56) of the cohort at 12-weeks, in whom 30% (n=17)
had an infiltrate score of 1, 39% (n=22) a score of 2, and
30% (n=17) a score of 3 or more (Supplemental Fig. 1).

Compared to those with complete resolution, patients
with persistent CXR abnormality were significantly older
(64 years vs. 55 years p<0.001), had longer hospital
length of stay (10.5 days vs. 7.0 days p<0.01), and had a
higher incidence of both level 2/3 care facility admission
(46% vs. 25% p<0.01) and ever-smoking history (55% vs.
39% p=0.04). There was no statistical difference between
patients with persistent abnormality and complete reso-
lution for requirement for supplemental oxygen, obesity,
or CXR follow-up interval.

No significant between group difference was observed
in baseline LDH (667 U/L vs. 626 U/L p=0.24) (Table 1),
or significant correlation observed between baseline
LDH and follow-up CXR score (r=0.06 p=0.49). How-
ever, follow-up LDH was significantly higher in patients
with persistent CXR abnormality (406 U/L vs. 379 U/L
p=0.03). In addition, baseline LDH was significantly
positively correlated with baseline CXR scores (r=0.23
p<0.01) and follow-up LDH concentrations (r=0.33
p<0.001), whereas follow-up LDH was significantly cor-
related with both baseline (r=0.26 p<0.01) and follow-up
CXR score (r=0.20 p<0.01).

Testing our previously published 5-point score, we
found it predicted patients at risk of persistent CXR
abnormality with reasonable accuracy in this cohort,
AUROC 0.64 (95% confidence interval [CI] 0.54-0.72)
p=0.047. In the present cohort obesity was not associ-
ated with persistent CXR abnormality and this factor
detracted from the score performance. As age is a key
risk factor for disease severity in COVID-19 [11], and
in the present study associated with persistent CXR
abnormality, in our present study we tested an adapted
5-point score replacing obesity with patient age. Using a
stratification of age>50 years we developed the SHADE-
750 score (1-point each for; Smoking history, Higher-
level care (level 2/3 admission), Age=50 years, Duration
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of admission=15 days and Enzyme-LDH2>750 U/L)
(Fig. 1a). This adapted 5-point score accurately predicted
risk of persistent abnormality in this cohort, AUROC
0.73 (95%CI 0.65—0.82) p<0.0001 (Fig. 1b). Retrospec-
tive application of this adapted score to our 1lst wave
cohort identified that it also had strong discrimination,
AUROC 0.79 (95%CI 0.68-0.90) p<0.0001 (Fig. lc).
When applying the adapted model to both cohorts com-
bined (n=213) it again performed strongly (AUROC 0.75
[95%CI 0.69-0.82] p<0.0001) (Fig. 1d). Furthermore, in
this combined analysis, persistent CXR abnormality was
not identified in any patients with a combined score of 0
(n=18 with score, negative predictive value [NPV] 100%),
and was present in only 4 patients with a score of 1 (n=43
with score, NPV of score 0—1 94%).

Discussion

In this prospective cohort study, we confirm previous
observations that persistent CXR abnormality is pres-
ent in approximately 30% of patients hospitalised with
COVID-19 at 12-week follow-up. Furthermore, in two
independent cohorts of patients we identify a 5-point risk
stratification tool, the SHADE-750 score, that accurately
predicted patients at risk of persistent CXR abnormality
at 12-weeks. In combined analysis (n=213), persistent
CXR abnormality was not identified in any patients with
a combined score of zero and we propose that this score
could be used to accurately identify a group of patients
for which routine radiological follow-up is not required.

The rate of persistent CXR abnormality identified in
the present study is similar to that observed in previous
reports.[5-7] Our finding that hospital length-of-stay
and higher-level respiratory support are associated with
persistent radiological abnormality at the 3 month fol-
low-up timepoint is consistent with results of prospective
studies using computed-tomography (CT) scanning [12,
13]. Our observation that age and smoking are associated
with persistent CXR abnormality is consistent with both
factors being associated with increased risk of greater
COVID-19 disease severity [11, 14].

LDH is a non-specific marker of tissue inflammation
and elevated LDH is associated with disease severity
[15] and acute respiratory distress syndrome in COVID-
19 [16]. In our previous study we observed significantly
higher baseline LDH concentrations in patients with
persistent CXR abnormality, an observation we failed
to replicate in the present study. An important factor to
consider is, whilst not standard care early in the COVID-
19 pandemic, patients in the present study requiring
supplemental oxygen would have received treatment
with dexamethasone unless contraindicated [17]. Consis-
tent with our previous observations follow-up LDH was
significantly higher in those with persistent CXR abnor-
mality and further baseline LDH significantly correlated
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A
Adapted 5 point risk stratification score
Variable Descriptor Point Score
Hospital length of stay | 215 days 1
LDH 2750 U/L 1
Level 2 or 3 care Yes 1
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AUC=0.79 0 66 5 0 5 1.000 0.884
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0.0“
%.0 0.2 04 0.6 0.8 1.0
1 - Specificity
D
Combined Anal
Y
1.0 Va WAVE Remaining N with Persistent Resolution Sensitivity 1-
_ / land2 {n) score Abnormality Specificity
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Fig. 1 Area under receiver operating curve for risk of persistent chest radiograph abnormality using the 'SHADE-750"5-point risk stratification
score. (A) SHADE-750 score (1-point each for; Smoking history (Ever vs. Never), Higher-level care (level 2 or 3 care admission), Age>50 years, Duration of
admission>15 days and Enzyme-lactate dehydrogenase [LDH] 2 750U/L). (B) Present study cohort (2nd Wave cohort) n=147 with available data for score,
of which persistent CXR abnormality n=46 and complete resolution n=101, (C) Previous study 1st Wave cohort (Wave 1) n=66 with available data for
score, of which persistent CXR abnormality n=23 and complete resolution n=43, (D) Present study and previous study cohorts combined (Wave 1 and
2) n=213 with available data for score, of which persistent CXR abnormality n=69 and complete resolution n=144
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with follow-up LDH concentrations. It may be that
delayed normalisation of LDH reflects ongoing lung tis-
sue inflammation/injury [18]. A hypothesis that would
require testing in a formal mechanistic study.

The moderate performance of our original 5-point
score, and poor discrimination of obesity, in the present
study may relate to the inherent differences between the
two study cohorts including, the introduction of standard
of care COVID-19 therapies, the emergence of SARS
CoV-2 variants [19], and the COVID-19 vaccination pro-
gramme in the UK [20]. A further difference we noted
was that our 1st wave cohort was enriched for patients
admitted to level 2/3 care, reflecting clinical prioritisation
in response to an emerging global pandemic, whereas
the present study consisted of all hospitalised patients
attending a dedicated follow-up service.

This study has limitations. In our established method-
ology, chest radiographs were not dual reported, hence
it is not possible to assess concordance between asses-
sors. However, we believe this increases the real-world
applicability of our observations. Second, the score was
designed to identify those at risk of persistent CXR
abnormality, with its negative predictive value then
appreciated. This construct may increase the scores clini-
cal utility by reducing the impact of any missing clinical
data. As once a threshold is reached further data does
not alter score outcome (e.g., follow-up not required vs.
follow-up recommended). A further limitation is that,
due to lack of available data, it was not possible to control
for any impact of patient vaccination status, SARS CoV-2
variants, or use of targeted COVID-19 therapies on the
results. However, despite the differences in the disease
and available treatments between cohorts, our revised
score performed strongly in both. Within this study
design we cannot definitively predict whether patients
with CXR abnormality at 12-weeks will develop lasting
radiological pathology. Although, in the present analysis
we identify a group of patients in which routine radio-
logical follow-up may not be required. Future research
should focus on investigating the utility of this, or other
identified predictive models, on persistent symptoms fol-
lowing COVID-19 infection.

In conclusion we identify, in two independent cohorts
of patients hospitalised with COVID-19, a 5-point scor-
ing system which accurately predicts patients at risk of
persistent CXR abnormality at the 12-week timepoint.
This score could be used as a tool to aid clinicians in
triaging a group of patients that do not require routine
radiological follow-up. External validation of these obser-
vations is required.

List of abbreviations

95%Cl 95% Confidence interval

AUROC area under the receiver operating characteristic curve
BMI body mass index (kg.m~?)

Page 6 of 7

COVID-19  coronavirus disease 2019

cT computerised tomography

CXR chest radiograph

HR Hazard Ratio

IQR interquartile range

LDH Lactate dehydrogenase

Level 2 High dependency facility

Level 3 Intensive care facility

LOS Length of hospital stay

SARS CoV-2 Severe acute respiratory syndrome coronavirus 2
PCR Polymerase chain reaction

UHSFT University Hospitals Southampton NHS Foundation Trust
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