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Background: Thoracal lymphadenopathy may predict prognosis in patients with coronavirus disease 2019
(COVID-19), albeit the reported data is inconclusive. The aim of the present analysis was to analyze the
affected lymph node stations and the cumulative lymph node size derived from computed tomography (CT)
for prediction of 30-day mortality in patients with COVID-19.
Keywords: Methods: The clinical Flatabase was retrospectively sgreened er patients Wiﬂ.l COVID-19 between 2020 and
Mediastir;al lymph node 2022. Overall, 177 patients (63 female, 35.6%) were included into the analysis. Thoracal lymphadenopathy
cT was defined by short axis diameter above 10 mm. Cumulative lymph node size of the largest lymph nodes
COVID-19 was calculated and the amount of affected lymph node stations was quantified.
Results: Overall, 53 patients (29.9%) died within the 30-day observation period. 108 patients (61.0%) were
admitted to the ICU and 91 patients needed to be intubated (51.4%). Overall, there were 130 patients with
lymphadenopathy (73.4%). The mean number of affected lymph node levels were higher in non-survivors
compared to survivors (mean, 4.0 vs 2.2, p < 0.001). The cumulative size was also higher in non-survivors
compared to survivors (mean 55.9 mm versus 44.1 mm, p = 0.006). Presence of lymphadenopathy was
associated with 30-day mortality in a multivariable analysis, OR = 2.99 (95% CI 1.20 - 7.43), p = 0.02.
Conclusions: Thoracal lymphadenopathy comprising cumulative size and affected levels derived from CT
images is associated with 30-day mortality in patients with COVID-19. COVID-19 patients presenting with
thoracic lymphadenopathy should be considered as a risk group.
© 2023 The Author(s). Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for Health
Sciences. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/li-
censes/by-nc-nd/4.0/).

Introduction

The prevalent coronavirus disease 2019 (COVID-19) pandemic
has spread throughout the world and is still a serious threat to global
health.

The clinical course of COVID-19 can be highly variable with pa-
tients with no symptoms or rapid deterioration to a critical illness
and potentially fatal outcome [1-5].

The case fatality rate during the first peak of the pandemic was
over 10% in most European countries [2]. Therefore, prediction of
unfavorable courses of COVID-19 is crucial for clinical patient care to
this day [2].
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Already established clinical prognostic factors are age over 60
years and male sex [6-8]. Comorbidities like dementia, heart failure
and peripheral vascular diseases are also predictors of an un-
favourable course [6].

Computed tomography (CT) is the diagnostic imaging modality of
choice in patients with COVID-19. It is clinically used for detection of
pulmonary consolidations and to rule out differential diagnosis
[2,9-11]. Notably, extrapulmonary findings, such as pleural effusion,
pericardial effusion, mediastinal lymphadenopathy, and coronary
calcifications can be diagnosed by CT and harbor prognostic in-
formation [11].

The extrapulmonary findings were initially described as atypical
and should raise the concerns for possible differential diagnoses [9].
However, even early published data raised concerns that these
findings might predict a more severe or lethal course of the dis-
ease [12,13].

1876-0341/© 2023 The Author(s). Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for Health Sciences. This is an open access article under the CC BY-NC-

ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


http://www.sciencedirect.com/science/journal/18760341
www.elsevier.com/locate/jiph
https://doi.org/10.1016/j.jiph.2023.05.031
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jiph.2023.05.031
https://doi.org/10.1016/j.jiph.2023.05.031
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jiph.2023.05.031&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jiph.2023.05.031&domain=pdf
mailto:Hans-jonas.meyer@medizin.uni-leipzig.de

H.-J. Meyer, B. Melekh, A. Wienke et al.

So far, the presence of mediastinal lymphadenopathy was iden-
tified as a relevant prognostic risk factor with a reported odds ratio
of 2.02 (95% CI 1.18-3.45) for unfavorable outcome in a recent meta
analysis [14]. However, the reported studies are heterogeneous with
different cut-off values for lymph node size. Moreover, there was no
analysis regarding the affected lymph node levels or a reported cu-
mulative lymph node size. Beyond that, it should be emphasized that
most studies provide data regarding the first wave of the pandemic
[14], which differs strongly from the present status of the pandemic
due to the advent of different subtypes of the virus and the devel-
opment of the vaccination [15-17].

Therefore, there is need to provide a quantitative analysis of
thoracal lymph nodes including size and the number of affected
lymph node stations.

The purpose of the present study was to investigate the prog-
nostic role of thoracal lymph nodes on 30-day mortality in patients
with COVID-19.

Materials and methods
Patient acquisition

The present retrospective study was approved by the institu-
tional review board (University of Magdeburg, nr. 25/21).

All patients with COVID-19 were retrospectively assessed within
the time period 2020-2022. Inclusion criteria for the study were:
1. available thoracal CT images at the time of admission of the
hospital.

. available clinical data including survival within the 30-day
period, need for intubation and need for ICU admission.

. RT-PCR-proven COVID-19 infection.

. previous COVID-19 vaccination at least one month or more prior
to the hospital admission.

Exclusion criteria were:

. severe image artifacts (i.e., due to implants or motion artifacts) as
well as any form of previous treatment.
. missing clinical data/follow up.

Clinical parameters

The following clinical parameters were retrieved of the patient
records at the time point of admission. Age, gender, admission to
intensive care unit (ICU), duration of mechanical ventilation in
hours, 30-day mortality.

Imaging technique

CT was performed at admission to the hospital for every patient
without any previous treatment. All CT scans were obtained on a
multidetector CT scanner (Siemens Somatom Definition AS+;
Siemens Healthcare, Germany). During the first year of the COVID-19
pandemic the scanner was set aside for suspected or confirmed
cases of COVID-19. Patients were positioned in supine position. The
CT protocol was as follows: Acquisition slice thickness 1 mm with
5 mm reconstructions, tube voltage 120 kV, automatic tube current
modulation, pitch factor 1.2, and collimation 0.6 mm. In all cases
contrast media was given. Fig. 1 displays a representative case of the
patient sample for illustration purposes.
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Thoracal lymph node

All thoracal lymph nodes were investigated of each patient. A
cut-off value of 10 mm for the short axis was used to determine
pathological enlargement. The American Thoracic Society lymph
node map was used to evaluate the involved lymph node levels
[18,19]. In total, 14 stations are reported divided by supraclavicular
station 1, upper zone station 2-4, aortopulmonary zone 5 and 6,
subcarinal zone station 7, lower zone station 8 and 9, and hilar zone
10-14 [18,19].

For this study, the presence of lymphadenopathy was notified.
Lymphadenopathy was determined if one of the analysed lymph
nodes was enlarged with a cut-off value. Finally, the cumulative size
of the lymph nodes was calculated as a sum of all short axis dia-
meters of the largest lymph nodes per level. The amount of affected
lymph node stations was quantified.

Pulmonary score

A reliable and established visual score was used for the analysis
of pulmonary consolidation [20]. In short, each of the 5 lung lobes
were visually assessed to determine the presence of ground glass
opacities or consolidation and degree of extension. Each lobe extent
was classified as having a score from O to 4, when none, minimal
(1-25%), mild (26-50%), moderate (51-75%), or severe (>75%) ex-
tension was visually estimated, respectively. The number of lung
lobes involved per patient by GGO or consolidation opacities was
also estimated as a first visual CT score to assess the extent of lung
damage. Finally, by summing the visual scores of the 5 lobes, the
score was evaluated over a range from 0 to 20.

Statistical analysis

The statistical analysis was performed using SPSS (IBM SPSS
Statistics for Windows, version 225.0: IBM corporation). Graphics
creation was performed using GraphPad Prism 5 (GraphPad
Software, La Jolla, CA, USA). Collected data were evaluated by means
of descriptive statistics (absolute and relative frequencies).
Spearman’s correlation coefficient (r) was used to analyze associa-
tions between investigated scores after testing for normality dis-
tribution. Group differences were calculated with Mann-Whitney
test and Fisher exact test, when suitable. Uni-and multivariable re-
gression analysis was employed to investigate the associations with
30-day mortality. In all instances, p-values < 0.05 were taken to in-
dicate statistical significance.

Results

Overall, 177 patients (63 female, 35.6%) were included into the
present analysis. The mean age at the time of CT-acquisition was
64.0 + 15.3 years, median age 65 years.

Clinical data and thoracal lymphadenopathy

Overall, 53 patients (29.9%) died within the 30-day observation
period. 108 patients (61.0%) were admitted to the ICU and 91 patients
were intubated (51.4%). Lymphadenopathy was identified in 130
patients (73.4%).

In the survivor group, there were 86 patients (69.9%) with lym-
phadenopathy, whereas in non-survivor group there were 44 pa-
tients (84.6%) with lymphadenopathy, p =0.06. The mean number of
affected lymph node levels were higher in non-survivors compared
to the survivors (mean, 4.0 vs 2.2, p < 0.001). The cumulative size
was also higher in non-survivors compared to survivors (mean,
55.9 + 241 mm vs 44.1 £ 29.0, p=0.006). The results are summar-
ized in Table 1a.
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Fig. 1. A representative case of the patient sample with COVID-19 in the upper row in the mediastinal window and in the lower row in the pulmonary window. The mediastinal
lymphadenopathy can be appreciated in 8 stations. The cumulative lymph node size is 120 mm and the pulmonary score is 13 in this patient.

Similar results were identified for the need of intubation and
need for ICU admission (Table 1 b and c).

Lymphadenopathy and pulmonary affection

The pulmonary severity score differed strongly between patients
with thoracal lymphadenopathy and those without (mean 8.9 versus
1.1, p < 0.001).

A strong correlation was found between the number of affected
lymph node levels and the pulmonary severity score (r=0.71,
p < 0.001) (Fig. 2a). Similarly, the cumulative size of the lymph
nodes was also moderately correlated with the pulmonary severity
score (r=0.50, p < 0.001) (Fig. 2b).

Prognostic role of thoracal lymphadenopathy

Presence of lymphadenopathy was associated with 30-day mor-
tality, OR =2.99 (95% CI 1.20 - 7.43), p=0.02 (multivariable regres-
sion analysis) (Table 2). The number of affected lymph node levels
also influenced 30-day mortality, OR =150(95% CI 127 -
1.78),p < 0.001. Finally, the cumulative lymph node size was

Table 1
a. Lymph node status in survivors and non-survivors.

associated with 30-day mortality, OR=1.02 (95% CI1.008 - 1.03),
p=0.002.

Discussion

The present work identified a significant influence of thoracal
lymphadenopathy on 30-day mortality in patients with COVID-19.
The reported results highlight the prognostic importance of extra-
pulmonary CT findings in patients with COVID-19 infection.

COVID-19 has a high mortality in patients with an unfavourable
course with a reported mortality of up to 20% for patients admitted
to the intensive care unit (ICU) [2-6]. As mentioned above, estab-
lished prognosis parameters are age above 60 years and male sex,
shorter period between symptom onset and emergency room pre-
sentation [1,6-8]. Moreover, the extension of pulmonary consolida-
tion on CT images harbors also prognostic relevance [2,20,21]. These
consolidations are indicative of a disease progression and are most
prominent in day 10 of the disease [12].

Thoracal lymphadenopathy is also an imaging finding, which was
considered as rare in COVID-19 in the beginning of the pandemic [9].
It was also discussed as an diagnostic sign for bacterial

Survivors, n=124 Non-survivors, n=53 p-values
Lymphadenopathy, n 86 (69.9%) 44 (84.6%) 0.058
Number of affected levels 2.2(2.22) 4.0 (2.64) < 0.001
b. Lymph node status according to the need for Intubation

No intubation, n =86 Need for intubation, n=91 p-values
Lymphadenopathy, n 52 (61.2%) 78 (86.7%) < 0.001
Number of the affected levels 1.8 (2.13) 3.6 (2.46) < 0.001
Cumulative size of the largest lymph nodes in mm 41.2 (24.68) 53.7 (26.09) 0.001
c. Lymph node status according to the need for ICU Admission

No ICU admission, n =69 ICU admission, n =108 p-values
Lymphadenopathy, n 41 (60.3%) 89 (83.2%) 0.001
Number of the affected levels 1.5 (1.88) 3.5 (2.52) < 0.001
Cumulative size of the largest lymph nodes in mm 38.8 (22.05) 53.2 (27.03) < 0.001
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Fig. 2. a Correlation between the number of affected lymph node levels and the pulmonary severity score (r=0.71, p < 0.001).b Correlation between the cumulative size of the

lymph nodes with the pulmonary severity score (r=0.50, p < 0.001).

superinfection. Early on, the frequency of mediastinal lymphade-
nopathy was reported to be only 3.4% [22]. In another meta analysis
the frequency ranged from 5% to 28% [ 14]. Of note, the frequency can
differ according to the threshold value of enlargement. A commonly
used threshold value was 10 mm in short axis in most studies [14].

Risk stratification of COVID-19 patients is very crucial for treat-
ment planning. Important clinical parameters were identified, and
several scores were proposed to predict mortality in COVID-19 [23].
Exemplarily, a study employed serological parameters to build a
score comprising of white blood cells, C-reactive protein, lympho-
cyte >0.8 x10°/L, and lactate dehydrogenase >400 U/L. This score
was highly accurate to predict survival with a reported area under
the curve of 0.95 [23].

Since the early days of the pandemic, the introduction of vacci-
nation has changed the course of the pandemic, but lethal COVID-19
cases still exist, and correct diagnosis and treatment are still highly
relevant throughout different countries [17-19].

In a recent meta analysis of CT findings in COVID-19, the time
dependence of different CT findings was elucidated [24]. Thoracal
lymphadenopathy was more frequently identified in later disease
stages with 15% compared to 5% in the early stage [24]. Therefore,
the time dependence could be a potential confounder of the present
analysis and should carefully be analysed when comparing different
study results.

However, in most studies regarding the prognostic relevance of
CT findings in COVID19, the CTs were performed at hospital admis-
sion to reduce possible bias.

A recent study showed that mediastinal lymphadenopathy is a
diagnostic factor in favour for COVID-19 pneumonia compared to
non-COVID pneumonia [25]. Sampsonas et al. revealed that med-
iastinal lymphadenopathy is strongly associated with pulmonary
involvement but not with mortality [26].

Qayyum et al. investigated 150 patients with acute COVID-19 and
found a frequency of mediastinal lymphadenopathy of 23.2%, which
is lower than in the current investigated sample [27]. Moreover,
Qayyum et al. observed no association between lymphadenopathy

Table 2
Uni- and multivariable regression analysis for prediction of 30-day mortality.

and mortality [27]. Presumably, the case severity was higher in our
patient sample and could explain the different results. In another
study by Erturk et al.,, over 52% of patients had lymphadenopathy
and correlated significantly with hospital length stay [28].

In another recent Korean study investigating 344 patients, the
overall frequency was 15.4% [29]. The presence of mediastinal lym-
phadenopathy was independently associated with a higher risk of
ICU admission (reported odds ratio; 3.25, 95% confidence interval
1.06-9.95) but was not significantly associated with the risk of in-
hospital death [29].

Noteworthy, the present analysis could link the prognostic re-
levance of thoracal lymphadenopathy to the pulmonary involve-
ment, as shown in the multivariable analysis.

Histopathologically, it was shown that the affected lymph nodes
show a severe capillary stasis and edema, an increased presence of
extrafollicular plasmablasts, mild to moderate plasmacytosis, a
dominant population of CD8" T-cells, and histiocytosis with hemo-
phagocytic activity as a morphological correlate [30]. The im-
portance of the prognostic relevance of the lymphadenopathy could
be explained by the affection of the immune system by the disease.

There is need for further meta analysis to harmonize the pub-
lished results regarding the prognostic role of mediastinal lympha-
denopathy in patients with COVID-19. Also, a study to further
investigate the complex associations between different prognostic
factors in patients with COVID-19 is needed to better stratify pa-
tients at risk.

The present study has several limitations to address. First, it is a
retrospective study with possible known inherent bias. Second, the
patient sample is relatively small caused by the single center design.
There might be selection bias, which can have an influence of the
present results. Also, the present fatal case rate is rather high caused
by the inclusion of first wave patients into the analysis. Therefore,
the present results might be not representative for patient samples
with a lower mortality rate.

univariable analysis

multivariable analysis (adjusted for age and gender)

OR CI1 95%
Presence of lymphadenopathy 2.37 1.02 - 5.52
Number of the affected levels 135 117 - 155
Cumulative size of the largest lymph nodes 1.02 1.01 - 1.03

p-values OR CI 95% p-values
0.04 2.99 1.20 - 743 0.02

< 0.001 1.50 1.27 - 1.78 < 0.001
0.007 1.02 1.008 - 1.03 0.002

Abbreviations: OR = odds ratio, CI = confidence interval
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Conclusions

Thoracal lymphadenopathy comprising of cumulative size and
affected levels derived from CT images was associated with 30-day
mortality in patients with COVID-19. COVID-19 patients presenting
with thoracic lymphadenopathy should be considered as a risk
group.
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