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Abstract

Aims In the older population, acute heart failure is a frequent, life-threatening complication of COVID-19 that requires
urgent specific care. We aimed to explore the impact of point-of-care chest ultrasound (CUS) use in older bedridden inpatients
during the COVID-19 pandemic as a tool to distinguish between cardiogenic pulmonary oedema and isolated viral
pneumonia-related dyspnoea.

Methods and results This prospective series included 16 patients aged 75 or older, hospitalized for acute dyspnoea in an
acute geriatric unit of a university hospital and testing positive for a SARS-Cov2 infection. We collected demographic charac-
teristics, medical history, biological screening, clinical symptoms, CUS findings (n = 16) and chest CT-scan conclusions (n = 14).
Mean age was 89 years (77-97). All patients presented asthenia and dyspnoea, 56% complained of coughing and diarrhoea,
and 50% had fever. Acute heart failure was clinically suspected in seven patients. At CUS, evidence of heart failure was
confirmed in three patients (including one without clinical suspicion); interstitial syndrome was confirmed in 12 patients on
CUS vs. 9 patients with CT.

Conclusions In older patients with COVID-19 and acute dyspnoea, the use of point-of-care CUS allowed the clinician to
quickly rule out heart failure in nearly half of suspected cases while easily identifying virus-related interstitial syndrome.
The use of CUS appears to be suitable for the rapid bedside investigation of dyspnoea in older patients, particularly in the con-
text of the COVID-19 pandemic.
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Background

The severe acute respiratory syndrome coronavirus 2
(SARS-Cov2) pandemic is a global public health crisis with
more than 15 million people testing positive and more than
600 000 deaths so far. The most recent studies indicate that,
in all affected regions, the death rate is higher in the older
population.’?

In older individuals, although the onset of COVID-19 can
include fever, cough, dyspnoea, asthenia, diarrhoea, or acute
respiratory distress in serious forms, it is often diagnosed at
the occurrence of acute heart failure (HF).>* In any case, a
major clinical deterioration can occur extremely fast, and
recognizing HF is fundamental for providing effective treat-
ment. It is therefore crucial to identify the bedside device
that would best allow clinicians to rapidly distinguish
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non-cardiogenic dyspnoea from associated cardiogenic

and infectious dyspnoea in order to optimize patient
management.

Aims

This case series aimed to investigate the value of

bedside chest ultrasound (CUS) when it is used by a
non-sonographer geriatrician to identify whether dyspnoea
has a cardiac origin in lung infection due to COVID-19.

Methods
Participants

We report a prospective, descriptive and observational case
series of 16 patients hospitalized in the acute geriatric unit
of a university hospital in April 2020. The inclusion criteria
were as follows: individuals hospitalized in the acute geriatric
unit who tested positive for SARS-Cov2 (confirmed by a poly-
merase chain reaction either on nasopharyngeal swab or
sputum), aged 75 years or older and exhibiting dyspnoea or
polypnea. Patients were excluded if they were receiving

palliative care, if the CUS would have a foreseeable lack of im-
pact of on patient management, or if the patient refused
CUS.

This study was conducted using data collected for clinical
purposes, all of which were made anonymous in accordance
with the requirements of the local ethics committee (Comité
de Protection des Personnes) and with the Declaration of
Helsinki.

Data collected

Patient data included: (1) demographic data including
age and gender, (2) medical history, (3) clinical symptoms
(dyspnoea, coughing, chest pain, abdominal pain, diarrhoea,
anosmia, dysgeusia, ageusia, heart rate, respiratory rate,
temperature, blood pressure, oxygen saturation, abnormality
at lung auscultation, clinical signs of HF), (4) biological screen-
ing: leucocyte, lymphocyte, platelets, C-reactive protein
(CRP), procalcitonin, troponin level, N terminal pro brain
natriuretic peptide (NT-proBNP), serum creatinine, uraemia,
(5) ultrasound findings, (6) chest CT scan findings, and
(7) final physicians diagnosis at patient discharge.

Bedside CUS were performed by two senior geriatricians
using a VIVID iq Version R1.x.x. (General Electric Healthcare,
Boston, USA) with a GE 3Sc-RS Probe (General Electric

FIGURE 1 Example of chest ultrasound views in COVID-19. (A) Right anterior superior lung ultrasound B linest in an 86-year-old male patient at 8 days
from the onset of COVID-19. (B) Enlarged inferior vena cava* measuring >2 cm in a 75-year-old female patient at 3 days from the onset of COVID-19.
(C) Normal motion mode profile of an inferior vena cava* with collapsibility >50%**, in an 89-year-old female patient 1 day from the onset of COVID-
19. (D) Increased E/A ratio > 1, 4-apical chamber view, with £° wave higher than A* wave in a 98-year-old male patient at the onset of COVID-19.
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Healthcare). Both operators had over 5 years of experience in
bedside CUS. Six or more anterior and lateral thoracic regions
(three on each hemithorax) were examined according to cur-
rent guidelines.®> Transthoracic echocardiography was also
performed to screen for left ventricular ejection fraction as
well as left and right atrial pressure. This examination did
not intend to provide standardized images of all segments
but only a rapid point of care ultrasonography, performed
and interpreted by the clinician at the bedside.® The total ex-
amination was completed in less than 10 min.

The presence of multiple B lines is a strong indicator of
lung interstitial syndrome.” However, B lines were expected
for both left ventricular HF and in virus-related interstitial
pneumonia, and were therefore not considered a distinctive
marker for HF.

On CUS, acute HF was defined by the presence of three or
more B lines in two or more intercostal spaces bilaterally,
symmetrical and with a base-to-apex gradient, in association
with one of the following criteria of volume overload”:

e Evidence of elevated left atrial pressure (i.e. E/A ratio >1,
E deceleration time <150 ms or E/e' >12).

e Evidence of elevated right atrial pressure (i.e. inferior vena
cava collapsibility <50%).

Virus-related dyspnoea was suspected if multiple B lines or
sub-pleural consolidation were spotted without evidence of
volume overload (Figure 1).

Chest CT scan data including the existence of sub-pleural
consolidation, interstitial syndrome, ‘crazy-paving’ lesions,

Table 1 Characteristics of COVID-19 patients with or without diagnosis of acute heart failure (n (%) or median [IQR])

Heart failure n = 3 No heart failuren = 13 P
Demographic characteristics Female 1 (33%) 9 (69%) 0.5
Age 86 [81-92] 89 [83-92] 0.6
Clinical data Cough 2 (66%) 9 (69%) 1
Dyspnoea 3 (100%) 13 (100%) 1
Chest pain 0 (0%) 0 (0%) 1
Anosmia, ageusia, dysgeusia 0 (0%) 2 (15%) 1
Asthenia 3 (100%) 13 (100%) 1
Abdominal pain 1 (33%) 4 (30%) 1
Diarrhoea 2 (66%) 7 (54%) 1
Temperature (°C) 38 [38-38] 38 [37.8-38.4] 0.3
Respiratory rate (/min) 20 [20-22] 24 [24-30] 0.03
Oxygen saturation (%) 94 [93-96] 93 [93-95] 0.7
Heart rate (/min) 75 [75-90] 78 [70-83] 0.3
Systolic blood pressure (mmHg) 131 [129-133] 124 [110-141] 0.8
Diastolic blood pressure (mmHg) 74 [66-76] 65 [59-81] 0.7
Pulmonary condensation syndrome 1 (33%) 3 (23%) 1
Right heart failure 2 (66%) 5 (38%) 0.6
Left heart failure 2 (66%) 0 (0%) 0.02
Biological data Leucocytes (cells/ul) 9,400 [9,250-10,550] 5,700 [4,500-9,400] 0.6
Lymphocytes (cells/uL) 790 [680-1,245] 1,030 [620-1,390] 0.8
Platelets (1000 cells/ulL) 248 [202-292] 166 [123-184] 0.2
C-reactive protein (mg/dL) 167 [102-177] 49 [21-91] 0.2
Procalcitonin rate (ug/L) 0.28 [0.22-0.34] 0.25[0.17-0.53] 0.3
Troponin | (ug/L) 0.52 [0.37-0.67] 0.04 [0.02-0.08] 0.4
NT-proBNP (pmol/L) 5,609 [4,319-6,900] 677 [427-1,800] 0.3
Creatinine (umol/L) 94 [79-88] 75 [59-145] 0.4
Uraemia (mmol/L) 13 [11-18] 10 [8.6-13.9] 0.4
Ultrasound LEVF >50% 2 (66%) 4 (31%) 0.5
E/A >1 1 (33%) 0 (0%) 0.18
Enlarged IVC 3 (100%) 0 (0%) 0.002
Right auricle enlargement 1(33%) 0 (8%) 0.2
Sub-pleural consolidation 0 (0%) 4 (31%) 0.5
Pleural effusion 1 (33%) 3 (23%) 1
B Lines 3 (100%) 9 (69%) 0.5
Heart failure diagnosis 3 (100%) 0 (0%) 0.002
CT-Scan Sub-pleural consolidation 2 (66%) 6 (46%) 1
Pleural effusion 0 (0%) 2 (15%)
Fibrosis 0 (0%) 2 (15%) 1
Crazy paving 1(33%) 3 (23%) 1
Grounding glass opacity 2 (66%) 6 (46%) 1
Heart chambers enlargement 1 (33%) 2 (15%) 0.5
Outcome Death rate 1 (33%) 3 (23%) 1
Hospitalization length (days) 15 [9-22] 10 [6-15] 0.6

LEVF, left ventricular ejection fraction; NT-ProBNP, N terminal pro brain natriuretic peptide.
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ground glass opacities, or enlargement of cardiac chambers
were also collected.

Patients with a final diagnosis of acute HF were compared
with patients without acute HF.

Continuous variables were expressed as median (inter-
quartile range). The Mann-Whitney test (two comparison
groups) was used to compare continuous variables. The )(2
test or Fishers test was used to compare dichotomous data.

Results
Patient characteristics

Mean patient age was 89 + 7.0 years, and 10/16 were female.

Medical history and clinical and biological presentation at
admission are presented in Table 1.

The clinical examination concluded that seven patients had
acute HF.

Interstitial syndrome (i.e. multiple B lines) was observed on
CUS in 12 patients and volume overload was observed in four
patients (E/A ratio >1 for one patient, inferior vena cava en-
largement for three patients). Left ventricular ejection frac-
tion (LVEF) was >50% in nine patients. Sub-pleural
consolidation and pleural effusion were each found in four
patients. Finally, CUS revealed three cases of cardiac-related
dyspnoea and nine cases of non-cardiac-related dyspnoea.
Four CUS examinations were considered normal by the oper-
ating clinician.

Assessment of the chest CT scans found eight cases each of
sub-pleural consolidations and ground glass opacity, four
cases of ‘crazy paving’ and two cases of pleural effusion. In
addition, three patients had enlarged heart chambers indicat-
ing volume overload.

Comparison between clinical examination, CUS,
and chest CT scan

Clinically, seven patients were suspected of acute HF in addi-
tion to COVID-19. CUS confirmed two cases and ruled out
five. Among the nine patients who were not suspected of
acute HF, this assertion was correlated by CUS in all cases ex-
cept one. Though the patients were all clinically suspected of
pneumonia-related dyspnoea, CUS was normal for four pa-
tients and the chest CT scan for five patients (Table 1).

Conclusions

To our knowledge, this is the first case series to investigate
the use of point-of-care CUS for the diagnosis of
cardiac-related dyspnoea during SARS-Cov2 infection in older

bedridden patients. The CUS assessed in this series were per-
formed by non-specialist sonographers as a complement to
the clinical examination in the day-to-day activity of an acute
geriatric unit. Even if ultrasound is increasingly highlighted as
a promising device in the COVID-19 pandemic,®*! this is to
our knowledge the first report of CUS implementation in an
acute geriatric setting.

In our series, the clinical presentation of SARS-Cov2 infec-
tion was unspecific, and despite the dyspnoea, pulmonary
auscultation failed to detect specific abnormalities. However,
whether HF is a component of dyspnoea in COVID-19 pa-
tients is a frequent yet critical issue, as HF dramatically
worsen global prognosis and requires specific urgent care.
The coexistence of HF and pneumonia is particularly frequent
in elderly individuals, and these causes of dyspnoea are not
mutually exclusive. In the patients clinically suspected of
acute HF associated with COVID-19, which was almost half
of our population, CUS made it possible to quickly confirm
or rule out HF and to immediately begin individualized treat-
ment, including diuretic medications. As previously reported,
ultrasound was the most suitable device for diagnosing HF in
these frail older patients.***3

Lung ultrasound has also already proven to be a valuable
tool for diagnosing interstitial syndrome,** and studies show
that it is largely superior to chest X-ray for this purpose.” In
our series as in others, %% CUS and chest CT scan yielded
similar results for interstitial syndrome. Even though a focal
sonographic pattern of interstitial syndrome (infectious
cause) could theoretically be differentiated from diffuse in-
terstitial syndrome (HF),” it was difficult in practice and thus
not considered in this report.

It is worth noting that bedside CUS was performed with
ease for two patients for whom transport was unsuitable
(acute respiratory distress and patient refusal). These situa-
tions are particularly frequent in geriatric settings, especially
in units where the imaging equipment is not on-site.

Overall, we found that the use of point-of-care CUS in frail,
bedridden patients allows the clinician to screen more pre-
cisely for associated HF in infection-related dyspnoea than
with the clinical examination alone, even when CUS is per-
formed by a non-specialist sonographer. Moreover, it ap-
pears that CUS has similar results to chest CT scan for the
diagnosis of COVID-19 pneumonia. Point-of-care ultrasound
is accessible, fast, and does not cause patient discomfort
due to transport. In addition, it has already shown to be both
feasible and valuable for older patients in acute geriatric
wards.® By delivering real-time information during the con-
sultation, CUS can bridge the gap between physical assess-
ment, data acquisition, and clinical decision making. For all
of these reasons, we believe that CUS should be the pre-
ferred examination when managing acute dyspnoea in older
inpatients with COVID-19.

This study has limits. First, it was performed on a small
scale, in a single unit, and for descriptive purposes. Second,
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the imaging was not reviewed by another examiner, but this
situation is consistent with everyday practice. Third, we did
not assess the clinical impact of CUS in this series. Further
studies should be conducted to evaluate whether CUS use
is associated with significant improvements in clinical prac-
tice. Fourth, echocardiographic parameters of HF are debat-
able: diastolic dysfunction is very common in elderly
patients even without acute HF. Moreover, the inferior vena
cava is a pressure index and not necessarily a volume index
when dilated. Similarly, even with a positive COVID-19 test,
focal interstitial syndrome cannot be considered as specific
of COVID-19-pneumonia, especially in an older comorbid
population. Thus, we believe that CUS should be considered
as a bedside orientation tool that can be used to complete
initial clinical and paraclinical findings more than a definitive
diagnostic tool.

In older patients with dyspnoea and SARS-Cov2 infection,
the clinical examination is frequently non-specific. As an
easy-to-use clinician-driven examination, bedside CUS ap-
pears to be a promising diagnostic tool for older inpatients
with COVID-19 infection. When a clinician is faced with

suspected HF as a cause of acute dyspnoea, CUS is an acces-
sible tool that can be used to provide a rapid diagnosis and to
support clinical decision making in an urgent setting.
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