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Background. Cytokine dysregulation plays a critical role in COVID-19, and 
its timely recognition is pivotal for a favourable outcome, typically in the 
oldest patient. Lung ultrasound (LUS) has been proven to be an easy-to-
perform, accurate tool for detecting COVID-19 pneumonia. The current 
study aimed to evaluate the relationship between inflammatory markers 
and pulmonary injury assessed by LUS in older patients with COVID-19.
Methods. We consecutively evaluated older patients (age ≥ 65 years) 
hospitalized for COVID-19 pneumonia in our tertiary care hospital. All 
the patients underwent LUS, physical examination, and blood tests. 
LUS score for monitoring aeration, based on the number of B-lines for 
each scanned zone was assessed. Kendall’s Correlation was calculat-
ed to verify the relationship between LUS and inflammation markers. A 
7.5 mg/dl Hs-CRP cut-off was set to define the “hyper-inflammation” 
state. Finally, a receiver operating curve (ROC) was evaluated to define 
a cytokine storm – LUS-defined cut-off.
Results. Overall, 65 older patients [mean (SD), 82.0 (6.9) years] were 
included in the analysis. LUS score was related inversely to PaO2/FiO2 
ratio at admission (tau -0.29, p < 0.01) and nadir (tau -0.21, p < 0.01), 
and positively to Hs-CRP (tau 0.35, p < 0.001). An indexed LUS score 
higher than 0.8 was highly predictive of cytokine storm (AUROC 0.78, 
p < 0.001; Sensitivity 86%, Specificity 68%).
Conclusions. Lung involvement evaluated by LUS correlates direct-
ly with inflammatory markers and inversely with PaO2/ FiO2 ratio. LUS 
values qualified as an independent predictor of cytokine storm, and a 
score greater than 0.8 is the most predictive cut-off.
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INTRODUCTION

Since its appearance in Wuhan (China) in December 2019, SARS-CoV-2 
(severe acute respiratory syndrome coronavirus 2) infection has rapidly 
spread around the world 1. Although the advent of vaccination has mark-
edly reduced the incidence of severe COVID-19, its clinical presentation 
remains heterogeneous, particularly in those unvaccinated  2,3. Patients 
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may be asymptomatic or show a mild form of upper 
respiratory infection  4,5; otherwise, SARS-CoV-2 may 
present a severe form of interstitial pneumonia requir-
ing hospitalization, which can subsequently progress, 
due to an abnormal immune response (cytokine storm), 
into acute respiratory distress syndrome (ARDS) 6,7. As 
a fact  8-10 the particular vulnerability to COVID-19 ob-
served in geriatric patients seems to be linked to an 
excessive and inappropriate inflammatory response 
secondary to abnormal production of cytokines in a 
complex context of intrinsic compromise of the host’s 
immune system. In severe forms of COVID-19, there 
is a marked increase in both inflammation indexes and 
serum levels of cytokines 11,12. This inflammatory state 
represents an adverse prognostic factor for the need for 
mechanical ventilation, possible development of ARDS, 
and death 4,12-15; therefore, it is not surprising that the 
majority of study trials on COVID-19 have focused on 
developing treatments able to influence this cytokine 
dysregulation.
Current guidelines of the Infectious Diseases Society 
of America on COVID-19 recommend the implementa-
tion of IL-6 inhibitors in addition to corticosteroids in 
severely or critically ill adult patients  16; however, cor-
rect timing for immunomodulators initiation remains 
of pivotal importance and their assumption in early 
phases of COVID-19 has been associated with poor 
outcomes, particularly in older patients 17. In this regard, 
lung ultrasound (LUS) has proved to be a valid, rapid, 
and effective tool in the early diagnostic and therapeutic 
approach of patients with COVID-19 disease 18,19. More 
in-depth, LUS appears to be a valuable tool for esti-
mating early pulmonary involvement during the pauci-
symptomatic phase of the disease and consequently 
plays a crucial role in the therapeutic strategy aimed 
at preventing cytokine storms, especially in geriatric 
patients.
The correlation of LUS score with the clinical condi-
tions at admission, the time elapsed from the onset of 
symptoms, and some simple routine blood tests seem 
to allow a better and faster characterization of disease 
severity at the first evaluation in ED 20. 
However, few studies have investigated the direct cor-
relation of ultrasound scores with levels of inflammation 
markers, and few data are currently available regarding 
the geriatric population.
Given these premises, this study aims to evaluate the 
relationship between inflammatory markers and pul-
monary involvement assessed by ultrasound scores in 
geriatric patients suffering from COVID-19 pneumonia. 
The secondary endpoint is to define a LUS score cut-off 
compatible with the hyperinflammatory state that can 
lead to the cytokine storm. 

METHODS

In this prospective single-center observational study, we 
consecutively enrolled all patients aged 65 or older ad-
mitted between November 1 and December 20, 2020 to 
the Acute Geriatrics Unit of our tertiary care hospital. All 
patients underwent thorough clinical/anamnestic evalua-
tion and blood exams. Exclusion criteria were: (i) critical 
illness requiring invasive ventilation at admission; (ii) pres-
ence of concomitant pulmonary oedema at admission; 
(iii) pre-existing interstitial diseases. Patients underwent
a diagnostic examination with bedside chest echo per-
formed on 6-8 fields per hemithorax by calculating total
LUS score as modified by Bouhemad 21. A convex and
a linear covered probe, 3.5 to 7.5 MHz (Esaote Medical
System), were used for chest ultrasound examination.
For patients with severe mobility limitations, two opera-
tors were concomitantly involved, according to current
guidelines 22. As for the scanning scheme, in the absence
of a standardized score for COVID-19 patients, we used
a previously validated score  21 namely LUS score for
monitoring aeration, ranging from 0 to 3 points in each
of the 12 or 16 scanned zones. Score 0: predominant
A-lines or less than 3 separated B-lines. Score 1: at least
3 B-lines or coalescent B-lines occupying ≤ 50% of the
screen without a clearly irregular pleural line. Score 1p:
at least 3 B-lines or coalescent B-lines occupying ≤ 50%
of the screen with a clearly irregular pleural line. Score 2:
coalescent B-lines occupying > 50% of the screen with-
out a clearly irregular pleural line. Score 2p: coalescent
B-lines occupying > 50% of the screen with a clearly ir-
regular pleural line. Score 3: large consolidations (at least
> 1 cm). The final score is obtained by summing up the
scores of each area; moreover, an indexed score was
obtained by dividing the final score for the total of zone
recorded (12 or 16 fields). In a subgroup of 20 patients
in whom LUS was performed blindly by the two certi-
fied operators (C.O., R.F.), interobserver agreement was
calculated. Each patient gave written informed consent
to participate in the study; in case of patient’s inability, the
legally authorized delegate provided informed consent.
The study protocol complied with the Declaration of Hel-
sinki and was approved by the local Ethic Committee (n°
protocol: CEAVNO-2020-17241).

Biochemical panel of inflammatory markers 
measurement and other measurements

Analysis for cytokines (IL-6) were performed in the labo-
ratory of the Clinical Pathology Unit (University Hospital, 
Pisa) by a fully automated ELISA processing system 
(DSX DINEX Technologies) using commercial ELISA as-
says according to the manufacturer’s instructions. 
The following kits were used: Human IL-6 Instant ELISA 
Kit (Invitrogen, ThermoFisher Scientific).
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C-reactive protein (CRP) was measured by high-sen-
sitive assay on BN II nephelometer (Siemens Health-
ineers). Quantification of d-dimer was obtained by the
assay Vidas® D-Dimer exclusion (bioMériuex) performed 
in the laboratory of Clinical Chemistry Unit (University
Hospital, Pisa).
Hemogasanalysis was performed by GEM Premier
4000 Blood Gas Analizer (Werfen, Spain) and, gas ex-
change impairment was evaluated using arterial partial
pressure of oxygen (PaO2) to fraction of inspired oxygen 
(FiO2) (P/F)  23. According to NIH guidelines  3, patients 
were classified in two groups based on the CRP’s cut 
off values used to start tocilizumab 24 patients with CRP 
values < 7.5 mg/dl were categorized as “controls”, pa-
tients with a CRP value ≥ 7.5 mg/dl were categorized 
as “Hyperinflammated” patients. 

statistical analysis

Statistical analysis was performed by using SPSS 27.0 
statistical software package (SPSS Inc., Chicago, IL) 
and GraphPad Prism 9. Continuous variables were 
presented as mean and standard deviation, ordinal 
variables as median and interquartile range (IQR), and 
categorical variables as percentage. Mann-Whitney and 
chi-square tests were used for multiple comparisons. 
Multivariate logistic regression analysis was performed 
to identify factors associated with “Hyperinflammation 
status” patients. Backward stepwise multivariate logis-
tic regression was performed with the following contin-
uous and categorical covariates: age, sex, heart failure, 
COPD, diabetes. Probability for removal of variables in 
the model was set at p = .10 or higher. Estimate odds 
ratios (ORs) with 95% confidence intervals (CIs) were 
obtained. Tests were performed considering a level 
of significance of 5%. Using Kendall’s correlation, we 
assessed the possible correlation between the score 
obtained with chest ultrasound, the serum levels of C 
reactive protein (CRP), IL-6, ferritin and the values of the 
PaO2/FiO2 ratio. In order to estimate the threshold value 
most associated with cytokine storm, a ROC curve was 
calculated between the LUS score compared to CRP 
values ≥ 7.5 mg/dl used as a marker of hyperinflamma-
tory response by COVID-19. 

RESULTS

Our study examined a total of 65 geriatric patients 
[mean age 82.0 (SD = 6.9 years), 40% female] with a 
median Charlson Comorbidity Index (CCI) of 5 (IQR 3). 
Clinical and demographical characteristics of the cohort 
population are shown in Table I. Considering comorbidi-
ties, 36.9% had chronic heart failure; diabetes mellitus 
was present in 21.5 %, while 12.3% had COPD. 

The indexed LUS score [mean (SD), 0.99 (0.61)] was in-
versely related to the PaO2/FiO2 ratio both at admission and 
nadir (respectively tau -0.29, and tau = -0.21, p < 0.01 for 
both), and directly related to the levels circulating of CRP, 
Ferritin and IL-6 (tau 0.35, 0.30 and 0.28 respectively, 
p < 0.001 for each, see Figure 1). In terms of in-hospital 
mortality, 14 patients of our cohort (21.5%) died (2 of them 
were transferred to ICU for non-invasive ventilation); we 
observed a statistically significant difference in LUS score 
values between deceased patients and controls [mean 
indexed LUS score 1.45 (SD = 0.62) vs 0.92 (SD = 0.58); 
respectively, p = 0.048]. Taking as reference the value of 
CRP at admission, according to NIH treatment guide-
lines 3, we identified patients with potential cytokine storm 
using the cut-off established by RECOVERY group trial 24 
to start tocilizumab (≥ 7.5 mg/dl) and compared them to 
controls. Patients with hyperinflammation were less fe-
male than males (36% vs 64%) with a significant difference 
in PaO2/FiO2 ratio at nadir [mean PaO2/FiO2 nadir 161.3 
(SD = 100.4) vs 234 (SD = 114); p 0.01] and at day 2 
after admission [mean PaO2/FiO2 day2 202 (SD = 109.7) 
vs 350.9 (SD = 91.9), p 0.001] compared with the coun-
terpart. No differences were found in terms of burden 
of comorbidities [median Charlson Comorbidity Index 5 
(IQR = 3.25) vs 5 (IQR = 2), p 0.16]. Regarding LUS evalu-
ation, we observed a significative difference of LUS score 
performed both on 12 [mean LUS score 12 fields 13.7 
(SD = 7.5) vs 7.8 (SD = 5.2), p 0.04] and 16 fields [mean 
LUS score 16 fields 20.2 (SD = 7.5) vs 10.4 (SD = 8.7), 
p 0.01]. A high interobserver agreement between the LUS 
operators was found across the pre-defined subsample 
(k = 0.90). An indexed LUS score equal to or greater than 

Figure 1. Correlation plots showing relationship between LUS 
score and hs-CRP (A), Ferritin (B), Interleukin-6 (C), PaO2/FiO2 
(D).
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0.8 (equivalent total score 9 on 12 fields and 12 on 16 
fields) was highly predictive of the hyperinflammation state 
(86% Sensitivity, 68% Specificity), yielding a 0.78 AUROC 
(p < 0.001, see Figure 2 and Figure 3). Finally, indexed 
LUS score emerged as independent predictor of hyper-
inflammation and cytokine storm at multivariate analysis 
after adjusting for age, sex and heart failure, COPD and 
diabetes (LUS score adjusted OR = 5.90 95% CI: 1.59-
21.66, p = 0.008). 

DISCUSSION

Our study demonstrated that the higher the acute in-
terstitial lung involvement evaluated by LUS, the higher 
the circulating levels of inflammatory markers such as 
CRP, IL-6, and ferritin in older patients with COVID-19 
pneumonia. Notably, the LUS score at admission 
emerged as a strong predictor of cytokine storm and 
ARDS; furthermore, we determined a LUS score equal 
to or higher than 0.8 to be an accurate cut-off for hyper 
inflammation state. 
These findings might be beneficial for the clinician’s ther-
apeutic decision-making and guide a timely immune-
modulator therapy in the onset of severe COVID-19. 
From a pathophysiological point of view, the reason 
for the great sensitivity of LUS in the early detection of 
SARS-CoV-2 infection is due to that alterations in the 
lung parenchyma initially occur in the distal regions and 
then progress proximally 25. These areas, which corre-
spond to the “ground glass” opacities observed on CT 
scans 26, develop in the early stages of the disease and 
can be easily assessed with LUS.
Therefore, both LUS and CT have optimal accuracy in 
detecting early pulmonary involvement through appo-
site gravity scores that show a strong correlation with 
each other as reported in previous studies 27,28. 

Some studies have shown how peculiar ultrasound pat-
terns combined with the clinical characteristics of pa-
tients allow to exclude or not COVID-19 pneumonia with 
high accuracy 29,30. In particular, a “high risk” ultrasound 
pattern emerged as a strong independent predictor of 
molecular swab positivity 31. Accordingly, we confirmed 
an inverse correlation between PaO2/FiO2 ratio and LUS 
score, in agreement with Bosso et al.  32 and Rojatti et 
al.  33 reporting LUS score in SARS CoV-2 patients as 
negative related to disease severity and degree of hypox-
emia, particularly in the presence of pleural effusion  18. 
Regarding our cohort, we confirmed that LUS score 
correlates directly with the circulating levels of CRP, IL-6, 
and ferritin, in line with a recent report by Ji et al. found 
higher levels of CRP in the highest LUS score tertiles than 
patients in the low and moderate LUS score groups 26. 
Consistent with our results, also Rubio et al. observed 
that patients with the highest LUS-score at baseline had 
a significantly lower PaO2/FiO2 ratio and higher concen-
tration of LDH, CRP, and IL-6 34. For further analysis, we 
identified patients with a more likely risk of developing 
cytokine storm using the CRP cut-off value established 
from previous studies 24,35 and compared them with con-
trols. 
As expected, we found that patients showing a hy-
per-inflammatory state at admission had higher LUS 
score and lesser PaO2/FiO2 ratio than controls; mean-
ing that the LUS score represents a good predictor 
of clinical deterioration at admission. In line with our 
findings, Lichter et al. study reported that higher LUS 
scores are strongly associated with disease wors-
ening  36. Similarly, in a geriatric cohort, Recinella et 
al. highlighted how LUS score showed a relevant 

Figure 2. Non-linear smooth curve showing relationship 
between LUS-score and Hyper-inflammation state. The red 
dashed line represents LUS score cut-off for increasing probabi-
lity of cytokine-storm.

Figure 3. ROC curve of LUS score compared to “Hyperinflam-
mation state”.
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prognostic role in the stratification of in-hospital mor-
tality 37. Furthermore, in agreement with Tana et al. 28 
that firstly evaluated the prognostic role of LUS in 
stratifying mortality risk, we reported higher median 
LUS score values at admission in deceased patients 
compared to controls.
Accordingly, Rubio et al. and Li et al. found that LUS 
score was significantly negatively correlated with PaO2/
FiO2 ratio and positively correlated with inflammatory 
markers and scores of clinical deterioration, such as 
APACHE  II, in most severely affected patients  25,34. 
Recently, three studies already used the LUS score as 
a risk stratification tool for COVID-19 patients  26,34,36. 
These papers proposed their cut-off value of LUS score 
to determine the severity of COVID-19 25,36-40. The cut-
off values for predicting severity and consequent reduc-
tion of survival rate were variable and ranged from 13 39, 
16 38, 17 37, 18 36 up to 22.5 25, respectively. 
In our cohort, an indexed LUS score greater than 0.8 
was found to be the most predictive cut-off for cytokine 
storm, indicating a lower value than that reported in 
the aforementioned papers, carried out in younger 

cohorts. This discrepancy may be due to the impaired 
and ineffective inflammatory response observed in old-
est patients with cytokine storm, in agreement with 
a recent paper describing a decreased number of 
ground-glass opacities detected by CT, in oldest pa-
tients with COVID-19 compared to younger peers  41. 
This finding suggests that LUS scores usually associ-
ated with mild-moderate COVID-19 pneumonia may be 
instead predictive of cytokine storm in older patients, 
thus indicating the timing for prompt therapeutic in-
tervention. The findings in this report are subject to at 
least three limitations. Firstly, with small sample size, 
caution must be applied, as the findings might not be 
transferable to different cohorts of older patients with 
COVID-19. Secondly, the single-center design study 
might have reduced the generalizability of our results; 
notwithstanding, the monocentric investigation allowed 
an accurate and standardized data collection. Moreo-
ver, it is important to bear in mind that ultrasonography 
is a highly operator-dependent imaging modality with 
a number of operator-related variables that can impair 
or enhance image quality, leading to misdiagnosis. 

Table I. Characteristics of study population.

Whole cohort
(n = 65)

Patients with hyper-
inflammation 

(n = 36)

Controls
(n = 29)

P-value

Gender [F (%)] 26 (40) 13 (36) 13 (45) 0.47
Age [years, mean (SD)] 82 (6.9) 82.5 (7.2) 81.3 (6.5) 0.5

CCI [median (IQR)] 5 (3) 5 (3.25) 5 (2) 0.16
COPD (%) 8 (12.3) 5 (13.8) 3 (10.3) 0.66

Hypertension (%) 42 (64.6) 24 (66.7) 18 (62.1) 0.70
Heart failure (%) 24 (36.9) 12 (33.3) 12 (41.4) 0.50

Diabetes mellitus (%) 14 (21.5) 7 (19.4) 7 (24.1) 0.64
Stroke (%) 9 (13.8) 4 (11.1) 5 (17.2) 0.47

Dementia (%) 19 (29.2) 11 (30.6) 8 (27.6) 0.79
Chronic renal failure (%) 12 (18.5) 9 (25) 3 (10.3) 0.13
Fever on admission (%) 30 (46.2) 21 (58.3) 9 (31) 0.02

Cough (%) 14 (21.5) 11 (30.6) 3 (10.3) 0.04
Dyspnoea (%) 40 (61.5) 26 (72.2) 14 (48.3) 0.04
Fatigue (%) 14 (21.5) 6 (16.7) 8 (27.6) 0.28

Nausea or vomiting (%) 6 (9.2) 3 (8.3) 3 (10.3) 0.78
PaO2/FiO2 [on admission, mean (SD)] 277.7 (107) 255.2 (78) 308.1 (133) 0.06

PaO2/FiO2 [nadir, mean (SD)] 195 (112.2) 161.3 (100.4) 234 (114) 0.01
Lactate [on admission, mean (SD)] 1.42 (0.7) 1.5 (0.8) 1.2 (0.7) 0.12

WBC / mm3 [on admission, mean (SD)] 7827 (3626) 8433 (2978) 7076 (4232) 0.03
Ferritin (mg/dL) [ on admission, mean (SD)] 662.6 (727) 791.9 (788) 487 (615) 0.19

IL- 6 (pg/mL) [mean (SD)] 34 (51.1) 47.7 (63,4) 14.7 (8.2) 0.04
LUS scores 12 fields [mean (SD)] 10. 75 (7) 13.7 (7.5) 7.8 (5.2) 0.04
LUS scores 16 fields [mean (SD)] 16.5 (9.2) 20.2 (7.5) 10.4 (8.7) 0.01
LUS scores indexed [mean (SD)] 0.9 (0.6) 1.25 (0.5) 0.7 (0.5) 0.002

COPD: Chronic Obstructive Pulmonary Disease; LUS: Lung Ultrasound Score; PaO2/FIO2 ratio, partial pressure arterial oxygen/fraction of 
inspired oxygen ratio; WBC: White Blood Cell; CCI: Charlson Comorbidity Index.
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Therefore, further prospective multicentre studies are 
warranted to confirm the predictive role of LUS in older 
patients hospitalized for COVID-19 pneumonia. 
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