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Abstract

implications in COVID-19 older patients.

and for clusters, after adjusting for potential confounders.

patient at special risk of death.
Trial registration: ClinicalTrials.gov: NCT04379440

Background: In older and multimorbid patients, chronic conditions may affect the prognostic validity of computed
tomography (CT) findings in COVID-19. This study aims at assessing to which extent CT findings have prognostic

Methods: Hospitalized COVID-19 patients aged 60 years or more enrolled in the multicenter, observational and

longitudinal GeroCovid study who underwent chest CT were included. Patients were stratified by tertiles of age and
pneumonia severity to compare CT findings. Hierarchical clustering based on CT findings was performed to identify
CT-related classificatory constructs, if any. The hazard ratio (HR) of mortality was calculated for individual CT findings

Results: 380 hospitalized COVID-19 patients, with a mean age of 78 (SD:9) years, underwent chest CT scan. Ground
glass opacity (GGO), consolidation, and pleural effusion were the three most common CT findings, with GGO preva-
lence decreasing from younger to older patients and pleural effusion increasing. More severe the pneumonia more
prevalent were GGO, consolidation and pleural effusion. HR of mortality was 1.94 (95%Cl 1.24-3.06) for pleural effu-
sion and 13 (95%Cl 6.41-27) for cluster with a low prevalence of GGO and a high prevalence of pleural effusion (“LH"),
respectively. Out of the three CT based clusters, “LH" was the only independent predictor in the multivariable model.

Conclusions: Pleural effusion qualifies as a distinctive prognostic marker in older COVID-19 patients. Research is
needed to verify whether pleural effusion reflects COVID-19 severity or a coexisting chronic condition making the
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Background

COVID-19 qualifies as a systemic disease with a great
variety of symptoms and damaged organs. However,
it basically remains a respiratory disease in the vast
majority of patients. Indeed, respiratory symptoms and
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gas exchange indexes have primary classificatory and
prognostic implications. CT scan findings have also
been repeatedly reported to contribute to the diagno-
sis and prognostic classification of COVID-19 [1]. In a
noteworthy proportion of cases, CT findings could sup-
plement microbiologic exams and correctly address the
diagnosis [2, 3]. CT abnormalities have been frequently
reported in asymptomatic patients [4], but completely
normal CT findings have been observed in mild cases
[5, 6]. Indeed, the earlier CT signs do not always
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correlate with symptom severity, and CT abnormali-
ties, even severe, have been frequently reported to be
relatively common in asymptomatic patients. However,
the CT pattern of interstitial pneumonia and its typical
expressions, like ground glass opacities (GGO), inter-
lobular septal thickening, and reticular pattern, which
were initially associated with COVID-19, is only one of
the many CT findings. Atypical CT findings, like pleu-
ral effusions, nodules, multifocal pneumonia have been
well described [7, 8].

This bulk of evidence clearly states that CT scan plays
a primary role in diagnosing and monitoring COVID-19.
However, the possible confounding effect of conditions
such as chronic obstructive pulmonary disease (COPD)
or congestive heart failure (CHF) in the interpretation of
CT findings has not been tested so far in older and mul-
timorbid patients. Furthermore, combined and not iso-
lated CT findings might play a major classificatory and
prognostic role. Thus, assessing clustered rather than
individual CT findings might improve our understanding
of CT findings’ clinical meaning. These two topics are the
object of the present study. Based on the GeroCovid data,
we will provide an estimation of the real-life CT findings’
contribution to the prognostic stratification in older and
multimorbid COVID-19 inpatients.

Methods

Study Population

GeroCovid Observational is a multi-purpose and multi-
center initiative promoted by the Italian Society of Ger-
ontology and Geriatrics (SIGG) in collaboration with
Bluecompanion that aims at investigating the impact of
SARS-CoV-2 pandemics in older patients in different set-
tings of care. The objectives of the project are setting spe-
cific. In the GeroCovid acute wards cohort, we purposed
to assess COVID-19 clinical presentation and course and
identify the prognostic factors of the disease in older
people. Data are collected retrospectively and prospec-
tively in an e-Registry since March 1%, 2020. The enrol-
ment of new cases ended on December 31%, 2020, and
the follow-up will be closed on June 30, 2021. Overall,
66 investigational sites are actively participating. The final
endpoint of GeroCovid is to provide high-quality and
comprehensive data, which will help optimize COVID-19
prevention and management of patients > 60 years. Gero-
Covid conforms to the principles outlined in the Decla-
ration of Helsinki, it was registered at ClinicalTrials.gov
(NCT04379440) and the participation of each centre was
authorized by the corresponding local Ethical Commit-
tee [9] (see e-Appendix for the full list). All methods were
performed in accordance with the relevant guidelines
and regulations.
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Data collection

Inpatients aged 60 or older who underwent chest CT
examination within 48 h from hospitalization and posi-
tive reverse transcriptase- polymerase chain reaction
test (RT-PCR) for SARS-CoV-2 from March 1%, 2020
to December 31%, 2020 were retrospectively studied,
without any exclusion criteria. All the patients received
routine CT scan according to the local institutional pro-
tocol, and the CT findings retrieved from the radiological
reports were utilized for the final analysis. The number
of pulmonary lobes involved was used as a severity score.
Demographics, comorbidity, clinical and laboratory data
were collected for all patients, including a comprehensive
geriatric assessment (CGA). The presence of frailty was
also evaluated according to modified Fried criteria [10].
Participants’ clinical status at the start and end of hospi-
talization were divided into five-clinical category ordinal
scale referred to hospitalized patients according to the
classification recommended by the WHO R&D Blueprint
expert group [11], which has already been used in several
studies in COVID-19 patients [12—14], and: 1) patients
not requiring oxygen therapy; 2) patients requiring oxy-
gen by mask or nasal prongs. 3) with high-flow oxygen
or non-invasive ventilation (HF/NIV); 4) needing intuba-
tion and mechanical ventilation; 5) death. The severity of
respiratory failure was assessed by calculating the PaO,/
FIO, ratio [15] (i.e., partial pressure arterial oxygen/frac-
tion of inspired oxygen ratio) of the first arterial blood
gas analysis performed at ward admission (in the case
of using Venturi mask, the FIO, indicated in the swivel
connector was utilized) [15]. Primary endpoints were:
“death’; “clinical improvement’, defined as the improve-
ment of at least 2/5 point from admission to discharge
or as being discharged alive from the hospital, whichever
came first, and “no major change at discharge’, defined as
no change from admission to discharge at the same on
the five-category ordinal scale. Additionally, the transfer
to a different hospital was recorded.

Statistical analysis

For the purposes of this analysis, patients who did not
undergo chest CT or did not in time were excluded (see
e-Figure. 1). Descriptive statistics were used to report
participants’ characteristics: mean and standard devia-
tion (SD) or median and interquartile range (IQR), after
checking for normality distribution, for continuous vari-
ables, and frequency and percentage for categorical vari-
ables. The study population was categorized by tertiles
of age: Group 1 [60-74 years], Group 2 [75-83 years],
and Group 3 [> 84 years]. The clinical, laboratory, and
radiological findings of these age groups were compared
using ANOVA or Kruskal-Wallis test for continuous
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variables, as appropriate, and chi-squared test for cat-
egorical variables.

In order to detect potential classificatory and prognos-
tic constructs inaccessible to an age-based classification
of the patients, hierarchical clustering was performed on
CT scan data using an agglomerative nesting algorithm
(i.e. AGNES). Ward’s method was used as a linkage cri-
terion. The result of clustering was represented using
a dendrogram. Five clusters were identified according
to the dendrogram and their radiological, clinical, and
laboratory characteristics were compared as previously
described. The risk of mortality was evaluated using a
Kaplan Meier estimator. After checking the proportional
hazards assumption using Schoenfeld residuals, the haz-
ard ratio (HR) and 95% confidence interval (95%CI) of
mortality was calculated for each CT scan finding and
cluster, using the cluster with the lowest risk as a refer-
ence. Univariable and multivariable models were per-
formed, the latter being adjusted for age, sex, BMI,
frailty, and those diseases with a well-known impact on
the CT scan and outcome, i.e. CHE, COPD, and diabetes.
Results are represented using a forest plot. All statistics
were performed using R version 4.0.2 (The R Founda-
tion for Statistical Computing, Vienna, Austria, 2020)
using the packages “cluster’, “dendextend’; “survival” and
“surviminer”.

Results

Three hundred eighty hospitalized patients with COVID-
19 underwent chest CT. The mean age was 78 (SD:9)
years, 56% were males, and three quarters were living
at home before hospital admission. At baseline, accord-
ing to pneumonia severity 47% was treated with Oxygen
by mask or nasal prongs, 14% with HE/NIV and 5% was
intubated and mechanically ventilated. GGO prevalence
at CT scan was 85%, consolidation 41%, pleural effu-
sion 23%, pulmonary nodules 12%, and bronchiecta-
sis 9%; all other CT findings had a prevalence of 5% or
lower. Images of the three most common CT-findings
are reported in e-Figure. 2. The most common outcomes
were clinical improvement (52%) and death (25%) (see
Table 1). Excluded inpatients were older (mean age:79 vs
78 years), had lower PaO,/FiO, ratio (mean:250 vs 271),
higher prevalence of cognitive impairment (22% vs 13%),
shorter hospital stay (median days:3 vs 8) and greater
mortality (31% vs 25%) (see e-Table 1).

Group 1 (60-74 years), Group 2 (75-83 years) and
Group 3 (> 84 years) were composed by 139, 116 and
125 patients, respectively. The prevalence of men signif-
icantly decreased from Group 1 to Groups 3, as well as
the percentage of individuals living at home, while the
percentage of underweight/malnourished individuals
increased. Mortality was significantly higher in Group
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3 and, although no difference was found among groups
in PaO,/FIO,, no patient in Group 3 was intubated and
mechanically ventilated. The prevalence of GGO pro-
gressively decreased from Group 1 to Group 3, while
that of pleural effusion, cardiomegaly, and pericardial
effusion increased. Of note, there was no difference
in the prevalence of pleural effusion (21% versus 28%,
P-value 0.53), cardiomegaly (12% versus 6%, P-value
0.35) and pericardial effusion (6% versus 6%, P-value
0.99) between participants with and without chronic
heart failure. Furthermore, no difference was found
for consolidation and other considered findings. Par-
ticipants with consolidation did not differed from those
without in terms of C-reactive protein — 245 mg/l1 ver-
sus 271 mg/l, P-value 0.58 — and procalcitonin — 10 ng/
ml versus 11 ng/ml, P-value 0.47 —, laboratory tests
suggestive of sepsis. More details about the study pop-
ulation are reported in Table 1. GGO were more fre-
quently localized in the lower lobes (see e-Table 2). In
the whole sample, GGO and consolidation prevalence
progressively increased with the severity of COVID-19
pneumonia, with all patients intubated and mechani-
cally ventilated having GGO and 65% having consolida-
tion. Stratifying by age groups, the association between
CT scan findings and pneumonia severity waned (see
Table 2).

CT scan-based clustering identified five clusters (see
Fig. 1) with the following radiological characteristics
according to the three most common CT scan findings.

Cluster 1 showed a low prevalence of both GGO and
pleural effusion (“LL”), Cluster 2 a high prevalence of
both the previous findings (“HH”), Cluster 3 a high prev-
alence of GGO and intermediate prevalence of pleural
effusion (“HI”), Cluster 4 a low prevalence of GGO and
high of pleural effusion (“LH”) and Cluster 5 a high prev-
alence of GGO and low of pleural effusion (“HL”). Clus-
ters were similar in terms of consolidation, except for
Cluster 4 (“LH”) showing a low prevalence. More details
on CT-scan findings by clusters are reported in e-Table 3.

Furthermore, clusters differed in PaO,/FIO, and the
outcome. Cluster 1 (“LL”) had a PaO,/FIO,>300, sug-
gesting a less severe respiratory impairment, which is
confirmed by the infrequent use of HF/NIV, Cluster 2
(“HH”), 3 (“HI”) and 5 (“HL”), sharing a high prevalence
of GGO, had a PaO,/FiO, of around 250, with more
severe pneumonia frequently treated with HF/NIV or
intubation, and Cluster 4 (“LH”) had the lowest PaO,/
FIO,, at the threshold for acute respiratory distress syn-
drome, with the most severe disease. The last cluster
showed significantly higher mortality, with Cluster 1
(“LL”) and Cluster 5 (“HL”) having the lowest values. A
comparison of clinical and laboratory characteristics
between different clusters can be found in Table 3.
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Table 1 Characteristics of the population stratified by tertiles of age

Population (n:380) Group 1 Group 2 Group3 P-value
Aged 60-74 (n:139) Aged 75-83 (n:116) Aged > 84 (n:125)
Age (years) 78(9) 68.(4) 79(2) 89(4) -
Gender (M) 214(56) 99(71) 62(53) 53(42) <0.001
Household situation
Living at home 281(74) 115(83) 94(81) 72(58) <0.001
Nutritional status
Obese 60(16) 31(22) 18(16) 11(9) 0.01
Underweight/malnourished 48(13) 5(4) 14(12) 19(15) <0.001
PaO,/FIO, 271 (110) 265 (112) 282 (116) 267 (102) 0.12
Frailty 31(8) 9(6) 9(8) 13(10) 049
Pneumonia severity
No oxygen therapy 128(34) 54(39) 38(33) 36(29) 0.22
Oxygen by mask or nasal prongs  179(47) 49(36) 60(52) 70(57) 0.002
NIV or HF oxygen 52(14) 22(16) 13(11) 17(14) 0.56
Intubation and mechanical 17(5) 12(9) 5(4) 0(0) 0.003
ventilation
Main comorbidities
Diabetes mellitus 83(22) 27(19) 32(28) 24(19) 0.20
Chronic heart failure 40(11) 9(6) 12(10) 19(15) 0.07
Atrial fibrillation 50(13) 6(4) 19(16) 25(20) <0.001
Cognitive impairment 51(13) 4(3) 17(15) 30(24) <0.001
Hypertension 83(22) 33(24) 28(24) 22(18) 0.37
Chronic kidney disease 50(13) 11(8) 18(16) 21(17) 0.07
COPD 38(10) 7(5) 15(13) 16(13) 0.05
Hospital stay (days) 8 (IQR:19) 6.5 (IQR:17.2) 8.5 (IQR:19.8) 8 (IQR:21) 067
CT scan
GGO 322(85) 128(92) 97(84) 97(78) 0.004
Consolidation 156(41) 56(40) 52(45) 48(38) 0.57
Pulmonary nodules 47(12) 9(6) 24(21) 14011) 0.001
Fibrosis 18(5) 5(4) 6(5) 7(6) 0.68
Bronchiectasis 34(9) 12(9) 11(9) 11(9) 0.93
Pleural effusion 86(23) 23(17) 21(18) 42(34) 0.001
Emphysema 19(5) 4(3) 5(4) 10(8) 0.12
Cardiomegaly 19(5) 2(1) 5(4) 12(10) 0.01
Pericardial effusion 19(5) 3(2) 5(4) 11(9) 0.03
Solid lesion 19(5) 3(2) 10(9) 6(5) 0.05
Pulmonary embolism 10(3) 3(2) 4(3) 3(2) 0.75
Subsegmental vascular enlarge-  1(0) 0(0) 0(0) 1(0) 035
ment
Outcome
Clinical improvement 198 (52) 88 (63) 66 (57) 44 (35) <0.001
Death 95 (25) 19 (14) 24.(21) 52 (42) <0.001
No major change 14 (4) 6 (4) 4 (3) 4(3) 0.88
Transfer to a different hospital 71(18) 24(17) 22 (19) 25 (20) 0.85

Data are reported as mean SD or median /QR and frequency %, as appropriated. Abbreviations: Pa02/FIO2 Partial pressure arterial oxygen/fraction of inspired oxygen
ratio, NIV Non-invasive ventilation, HF High-flow, COPD Chronic obstructive pulmonary disease, GGO Ground glass opacity
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Table 2 Distribution of Computed Tomography scan findings according to hospital admission COVID-19 pneumonia severity
stratification

CT scan COVID-19 pneumonia disease severity stratification P-value
No oxygen therapy = Oxygen by mask or  Non-invasive ventilation Intubation and
(n:128) nasal prongs or mechanical
(n:179) high-flow oxygen ventilation
(n:52) (n:17)

GGO 104(81) 152(85) 47(90) 17(100) 0.05
Aged 60-74 (n:139) 47(87) 46(94) 22(100) 12(100) 0.04
Aged 75-83 (n:116) 28(74) 52(87) 12(92) 5(100) 0.18
Aged > 84 (n:125) 29(81) 54(77) 13(76) 0(0) 0.78
Frailty (n:31) 8(57) 12(86) 2(100) 1(100) 0.25

Consolidation 43(36) 71(40) 28(54) 11(65) 0.07
Aged 60-74 (n:139) 17(31) 17(35) 13(59) 7(58) 0.05
Aged 75-83 (n:116) 12(32) 28(47) 8(62) 4(80) 0.27
Aged > 84 (n:125) 14(39) 26(37) 7(42) 0(0) 0.97
Frailty (n:31) 7(50) 7(58) 2(100) 1(100) 047

Pulmonary nodules 16(13) 23(13) 6(12) 0(0) 0.20
Aged 60-74 (n:139) 2(4) 3(6) 3(14) 0(0) 0.10
Aged 75-83 (n:116) 9(24) 12(20) 3(23) 0(0) 0.65
Aged > 84 (n:125) 5(14) 8(11) 0(0) 0(0) 0.18
Frailty (n:31) 4(29) 4(36) 0(0) 0(0) 0.67

Fibrosis 3(2) 12(7) 3(6) 0(0) 0.35
Aged 60-74 (n:139) 2(4) 3(6) 1(5) 0(0) 0.94
Aged 75-83 (n:116) 13) 4(2) 1(8) 0(0) 0.78
Aged > 84 (n:125) 0(0) 6(9) 1(6) 0(0) 034
Frailty (n:31) 0(0) 2(20) 1(50) 0(0) 0.12

Bronchiectasis 16(13) 10(6) 5(10) 2(12) 0.27
Aged 60-74 (n:139) 5(9) 3(6) 1(5) 2(17) 032
Aged 75-83 (n:116) 5(13) 4(7) 2(9) 0(0) 042
Aged > 84 (n:125) 6(17) 3(4) 2(12) 0(0) 017
Frailty (n:31) 2(14) 2(22) 0(0) 0(0) 0.83

Pleural effusion 19(15) 47(26) 13(25) 4(24) 0.04
Aged 60-74 (n:139) 3(6) 11(22) 5(23) 2(17) <0.01
Aged 75-83 (n:116) 5(13) 12(20) 2(15) 2(40) 0.49
Aged > 84 (n:125) 11(31) 24(34) 6(35) 0(0) 0.98
Frailty (n:31) 0(0) 1(10) 1(50) 0(0) 0.67

Emphysema 6(5) 7(4) 5(10) 1(6) 0.56
Aged 60-74 (n:139) 2(4) 12) 0(0) 18) 073
Aged 75-83 (n:116) 0(0) 2(3) 3(23) 0(0) <0.01
Aged > 84 (n:125) 4(11) 4(6) 2(12) 0(0) 0.69
Frailty (n:31) 0(0) 2(22) 0(0) 0(0) 0.25

Pericardial effusion (1) 17(9) 1(2) 0(0) 0.01
Aged 60-74 (n:139) 0(0) 3(6) 0(0) 0(0) 0.16
Aged 75-83 (n:116) 0(0) 5(3) 0(0) 0(0) 0.23
Aged > 84 (n:125) 13) 9(13) 1(6) 0(0) 0.30
Frailty (n:31) 0(0) 1(10) 0(0) 0(0) 0.58

Cardiomegaly 3(2) 8(4) 7(13) 1(6) 0.01
Aged 60-74 (n:139) 0(0) 0(0) 1(5) 1(8) 0.16
Aged 75-83 (n:116) 13) 3(5) 1(8) 0(0) 0.80
Aged > 84 (n:125) 2(6) 5(7) 5(29) 0(0) 0.04
Frailty (n:31) 0(0) 1011) 0(0) 0(0) 0.62
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Table 2 (continued)

CT scan COVID-19 pneumonia disease severity stratification P-value

No oxygen therapy = Oxygen by mask or  Non-invasive ventilation Intubation and
(n:128) nasal prongs or mechanical
(n:179) high-flow oxygen ventilation
(n:52) (n:17)

Solid lesion 7(5) 7(4) 5(10) 0(0) 043
Aged 60-74 (n:139) 0(0) 12) 2(9) 0(0) 0.18
Aged 75-83 (n:116) 6(16) 2(3) 2(15) 0(0) 0.07
Aged > 84 (n:125) 13) 4(6) 5(29) 0(0) 043
Frailty (n:31) 0(0) 1(11) 0(0) 0(0) 0.62

Pulmonary embolism 3(2) 4(2) 2(4) 1(6) 0.86
Aged 60-74 (n:139) 0(0) 12) 1(5) 18) 047
Aged 75-83 (n:116) 2(5) 2(3) 0(0) 0(0) 0.80
Aged > 84 (n:125) 13) 1(1) 1(6) 0(0) 0.78
Frailty (n:31) 0(0) 0(0) 0(0) 0(0)

Subsegmental vascular enlarge- 0(0) (1) 0(0) 0(0) 0.88

ment
Aged 60-74 (n:139) 0(0) 0(0) 0(0) 0(0)

Aged 75-83 (n:116) 0(0) 0(0) 0(0) 0(0)
Aged > 84 (n:125) 0(0) (M) 0(0) 0(0) 0.84
Frailty (n:31) 0(0) 0(0) 0(0) 0(0)

Data are reported as frequency (%). Abbreviations: GGO Ground glass opacity

Pleural effusion was the only single CT finding asso-
ciated with the outcome (HR 1.94, 95%CI 1.24-3.06).
Likewise, Cluster 2 (“HH”), Cluster 3 (“HI”), and Cluster
4 (“LH”) showed an increased HR of death. After adjust-
ing for confounders, neither CT scan findings alone nor
clusters, except Cluster 4 (“LH”), were significantly asso-
ciated with the outcome (see Fig. 2).

Discussion

The present study confirms that GGO is the most com-
mon CT pulmonary alteration in older COVID-19
inpatients [16, 17]. Instead, the prevalence of pleural
effusions, bronchiectasis, and pulmonary nodules was
higher than in the studies carried out in younger cohorts
of hospitalized patients with COVID-19. Noteworthy, the
presence of pleural effusion at admission qualified as a
marker of disease severity.

It has been extensively reported that chest CT imag-
ing can show typical radiological findings of COVID-19
even before the onset of clinical symptoms [2, 3], help-
ing clinicians identify COVID-19 patients who initially
had negative RT-PCR results [18]. Older patients may
present atypical signs [19] of SARS-CoV-2 infection, with
clinical presentations like fever and cough less frequently
prevailing [20], while delirium may be the only clinical
sign of COVID-19 in the absence of any other symptoms
[21, 22]. Therefore, CT is extremely helpful for the diag-
nosis and follow-up of COVID-19 in older patients due

to its high sensitivity [2]. Our analysis confirmed GGO
as the most common CT pulmonary alteration in our
cohort of older inpatients, more typically localized in
the lower left lobe, in line with several previous studies
[16]. Similarly, we detected a high proportion of bilateral
GGO involvement, and one-fourth of the cohort pre-
sented a diffuse GGO pattern with lesions represented
in all lung lobes. Our results are consistent with previous
studies, which reported GGO with bilateral pulmonary
involvement as the predominant CT manifestation, even
in asymptomatic cases of COVID-19 patients [4]. Inter-
estingly, we found a higher proportion of pleural effu-
sions, bronchiectasis, and pulmonary nodules—which
are not typically associated with COVID-19 pneumo-
nia—compared to the previous evidence [16]. In 2020,
Wang et al. [23] found pleural effusion in 4.9% of cases,
while two recent meta-analysis [16, 17] yielded a preva-
lence of 5.6% and 5.8%, respectively. In the current study,
we detected a higher proportion of pleural effusion with
an upward age-related trend: while in the youngest age-
group, one-fifth of the patients showed pleural effusion,
the prevalence doubles in the oldest old, yielding a 35%.
Interestingly, chronic conditions like congestive heart
failure and renal failure, both potential causes of pleural
effusion [24], were more common in the oldest age ter-
tile. Thus, in these patients pleural effusion might be a
marker of vulnerability related to the underlying chronic
condition or, else, an effect of COVID-19. Noteworthy, in
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Cluster 1 (n:103) Cluster2 (n:62) Cluster3(n:42) Cluster4(n:17) Cluster5(n:156) P-value
“LL “HH" “HI" “LH" “HL”

Age (years) 81 (8) 81(11) 76 (10) 80 (8) 76 (9) <0.001
Gender (M) 46(45) 27(44) 27(64) 6(35) 108(69) <0.001
Household situation

Living at home 87(84) 31(50) 23(55) 8(47) 132(85) <0.01
Nutritional status

Obese 18(20) 8(13) 9(21) 3(18) 22(14) 0.66

Underweight/malnourished 18(20) 6(10) 7(16) 3(18) 14(9) 0.26
PaO,/FIO, 311(108) 260(103) 261(120) 202(108) 257(106) 0.001
Pneumonia severity

No oxygen therapy 33(32) 21(34) 17(47) 5(29) 52(34) 0.89

Oxygen by mask or nasal prongs 63(62) 31(50) 16(38) 10(59) 59(39) <0.01

NIV or HF oxygen 6(6) 8(13) 6(14) 2(12) 30(19) 0.05

Intubation and mechanical ventilation  0(0) 2(3) 3(7) 0(0) 12(8) 0.04
Main comorbidities

Diabetes mellitus 20(19) 15(24) 7017) 3(18) 38(24) 0.74

Chronic heart failure 16(16) 6(10) 2(5) 2(12) 14(9) 032

Atrial fibrillation 14(14) 6(10) 8(19) 1(6) 21(13) 0.60

Cognitive impairment 16(16) 15(24) 5(12) 2(12) 13(8) 0.04

Hypertension 20(19) 2(3) 8(19) 3(18) 50(32) 0.001

Chronic kidney disease 13(13) 11(18) 6(14) 4(24) 16(10) 041

COPD 9(9) 4(6) 2(5) 2(12) 21(13) 035
Hospital stay (days) 11 (IQR:28.5) 9.5 (IQR:16.8) 0 (IQR9) 0 (IQR:0) 9 (IQR:16) <0.01
Outcome

Clinical improvement 58(56) 27(44) 21(50) 4(24) 88(56) 0.04

Death 22(21) 19(31) 17(40) 12(71) 25(16) <0.01

No major change 2(2) 0(0) 1(2) 0(0) 11(7) 0.06

Transfer to a different hospital 20(19) 15(24) 3(7) 1(6) 32(21) 0.13

Data are reported as mean SD or median /QR and frequency (%), as appropriated. Abbreviations: PaO2/FIO2 Partial pressure arterial oxygen/fraction of inspired oxygen
ratio, NIV Non-invasive ventilation, HF High-flow, COPD Chronic obstructive pulmonary disease

non COVID-19 populations pleural effusion was associ-
ated with a 50%, 25% and 46% increased 1-year mortal-
ity rate in case of heart failure, hepatic failure and renal
failure, respectively [25]. Similarly, we detected an overall
9% prevalence of bronchiectasis, higher than in previous
studies [26], that might reflect the age-related increase in
the frequency of bronchiectasis in the general population
and might have clinical implications since bronchiectasis
has been associated with Aspergillosis overinfection [27].

To our knowledge, no previous studies on COVID-19
pneumonia have dealt with differences in CT scan find-
ings across age groups in older patients. Data from the
US Centers for Disease Control and Prevention [28]
reveal that the risk of dying from COVID-19 increases
approximately tenfold for every 20 years of age; thus,
thorough investigations on the oldest old are needed.
Zhu et al. [29] compared CT findings of patients younger
and older than 60 years old, but the mean age of the older
cohort (68.4+6.0) was lower than in the current study.

Comparably, the mean age of inpatients in the study of
Wang et al. was 57.6+15.7. Both the studies concluded
that older patients having more lobes affected and sub-
pleural lesions were more likely to present a higher dis-
ease severity compared to younger counterparts.

It is to some extent surprising that GGO were less
frequently found in the oldest old patients, although
individuals aged 84 or older showed a higher mortal-
ity compared to younger counterparts. This rather con-
tradictory result may be due to several possible reasons.
First, in selected older patients COVID-19 might be only
an incidental finding in the context of a severe or life-
threatening condition like end -stage CHEF. This might
also contribute to explain the prognostic role of pleu-
ral effusion. Alternatively, a too timely CT scan might
have missed late onset CGO; the well-known delayed
immunologic response to acute stimuli in the very old
supports this hypothesis [30]. Another possible explana-
tion might be that even a mild systemic injury could be
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Fig. 2 Hazard ratios for the associations between radiologic findings and in-hospital mortality at the univariate (above) and multivariate (below)

Cox regression models
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detrimental to the oldest old patients by decompensating
a labile homeostasis, underlying the crucial role of frailty
in COVID-19 mortality and morbidity, as recently dem-
onstrated [31,32]. Nevertheless, this finding has implica-
tions in the clinical practice: in the oldest old, the absence
of GGO should not rule out the diagnosis of COVID-19;
rather, in case of suspicion, RT-PCR and repeat CT scan
after a few days remain strictly recommended. Further-
more, in the light of this result, various validated GGO-
based scores of pneumonia severity [33, 34] might be
inaccurate in describing COVID-19 pneumonia in the
oldest individuals.

Interestingly, the presence of pulmonary consolidation
at admission did not emerge as an independent predictor
of death; indeed, so far, contradictory results have been
observed, with some studies reporting an association
between consolidation and mortality, while others failed
to show this relationship [35].

The hierarchical cluster analysis identified five differ-
ent clusters according to CT scan findings at admission;
in particular, two clusters (“LL” and “HL”) revealed a bet-
ter outcome compared to the others. These two clusters
presented the lowest prevalence of pleural effusion, yet
additional factors might have contributed to a higher sur-
vival rate. For example, the majority of patients in “LL’
and “HL” clusters were living at home, indirectly sug-
gesting lower disability degree which may have impacted
survival. Furthermore, Kaplan Meier curves highlight
that while “HL” has a constant mortality rate over the
first month, “LL” mortality is steeper in the first week and
then declines. Interestingly, even though “HI” and “HL”
clusters showed the same median age, they shaped two
different phenotypes of COVID-19 patients; older per-
sons in the “HL” cluster were less frequently obese (14%
vs 21%) compared to the “HI” cluster. These character-
istics might have played a role in mortality specifically
in the first period of hospitalization, when most “HI”
patients died, compared to “HL” cluster that showed a
longer length of stay and a lower mortality.

Confirming the important meaning of pleural effusion,
the “LH” cluster showed the lowest PaO,/FIO, ratio and
the higher mortality risk, resulting independently associ-
ated with death even after adjustment for comorbidities.
Noteworthy, “LH” patients, alike patients in the “HI” cluster,
showed a steep mortality curve, that is a very early mortality.

This study has several strengths. First, it is one of the
largest studies of hospitalized geriatric patients with
COVID-19 focusing on CT scan findings, with more
than 100 patients aged more than 83 years old. Sec-
ond, data are representative of real-life. Finally, to the
best of our knowledge, this is the first study evaluat-
ing the prognostic impact of CT scan findings, alone
or grouped in clusters, in old hospitalized patients with
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COVID-19 adjusting by age, frailty and chronic comor-
bidities. However, there are some limitations. First, due
to variability in practice, many patients did not undergo
CT scan. As a fact, missing data might have broadened
the generalizability of the current investigation. None-
theless, both cohorts shared in the majority the same
“mild ARDS” category as defined in the Berlin Defini-
tion [36] and no differences were found between the two
populations in terms of main comorbidities. Secondly,
we evaluated the findings of the baseline CT scan, thus
we did not assess the pattern of disease progression.
Thirdly, pulmonary embolism was searched for through
the iodine contrast only in cases judged worth of assess-
ment, thus its prevalence is likely underestimated.
Fourthly, stemming from a non-supervised hierarchical
analysis, results of cluster analysis must be interpreted
with caution, since specific findings could be influenced
by the small sample size of the subgroups. Finally, in line
with the GeroCovid protocol, all the CT scan reports
were consecutively collected in e-Registry without a
revision by a second blinded radiologist. However, this
issue was linked to the real-life nature and real practice
representativeness of our data.

Conclusions

This study advances our knowledge about the preva-
lence and prognostic implications of CT findings in older
COVID-19 patients. It discloses a changing prevalence of
CT findings with age and allows reconsider the prognos-
tic role of these findings at variance with adult popula-
tions, emphasizing the negative prognostic implications
of pleural effusion.
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