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Semi-quantitative lung ultrasound has increasingly emerged as a bedside tool for evaluating pulmonary
parenchymal involvement, yet evidence in community-acquired pneumonia remains limited. This analytical cross-
sectional study investigated lung ultrasound features and their associations with selected severity assessment
tools and inflammatory markers in 85 patients with community-acquired pneumonia admitted to the Department
of General Internal Medicine, Can Tho University of Medicine and Pharmacy Hospital, from June 2025 to January
2026. The median age was 73.0 years old, and 55.3% were men. B-lines/lung rockets were the most common
ultrasound finding (98.8%), followed by the shred sign (568.8%), air bronchograms (47.1%), and pleural effusion
(17.6%). Consolidation with or without interstitial syndrome was the predominant lesion pattern (64.7%), whereas
isolated interstitial syndrome accounted for 34.1%. Spline analysis showed that CRP and WBC increased with
higher total lung ultrasound scores, with significant overall associations (p<0.001 and p=0.032, respectively). The
total lung ultrasound score also increased progressively with pneumonia severity according to both CURB-65
and PSI/PORT (p<0.05). In multivariable analysis, CRP and severity assessed by CURB-65 and PSI/PORT were
independently associated with the total lung ultrasound score. Lung ultrasound may therefore support assessment

of inflammatory burden, severity stratification, follow-up, and prognostication in community-acquired pneumonia.
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I. INTRODUCTION

Pneumonia is one of the most common
and serious infectious diseases in clinical
practice and continues to impose a substantial
burden on global health systems. According
to the World Health Organization, pneumonia
ranks among the 10 leading causes of death
worldwide, numbering nearly 2.5 million deaths
annually.” The disease presents with a broad
clinical spectrum, ranging from mild to severe,
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and may progress rapidly with numerous
life-threatening complications, particularly in
children, older adults, and immunocompromised
individuals. Therefore, early diagnosis, accurate
assessment of the extent of lung involvement,
and prognostication of disease severity are of
paramount importance for guiding treatment
decisions and ensuring timely intervention.?
In this context, imaging modalities play an
especially essential role.

In recent years, lung ultrasound (LUS)
has emerged as a promising tool because of
its noninvasive nature, its ability to provide
direct bedside imaging, and its lack of ionizing
radiation exposure, unlike chest radiography
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or computed tomography.® Numerous studies
have demonstrated that lung ultrasound has
high sensitivity and specificity for the diagnosis
of pneumonia, even outperforming chest
radiography and, in certain settings, showing
diagnostic value comparable to chest computed
tomography. Beyond lesion detection, semi-
quantitative lung ultrasound has also shown
associations with inflammatory burden and
disease severity, suggesting a role in initial
assessment and prognostication.*® In Vietnam,
lung ultrasound has gradually been applied in
the evaluation of pulmonary involvement, mainly
in children, critically ill patients, or patients with
COVID-19; however, studies investigating the
role of this modality in patients with community-
acquired pneumonia, a highly common condition
in routine clinical practice, remain limited. On
this basis, the present study was conducted
to investigate lung ultrasound characteristics
and analyze their associations with selected
severity assessment tools and inflammatory
markers in patients with community-acquired
pneumonia at Can Tho University of Medicine
and Pharmacy Hospital.

Il. MATERIALS AND METHOD

1. Study population and settings

All patients with suspected community-
acquired pneumonia who were admitted
for inpatient treatment to the Department of
General Internal Medicine, Can Tho University
of Medicine and Pharmacy Hospital, from June
2025 to January 2026, and were definitively
diagnosed with pneumonia based on chest
radiography orlung ultrasound, were considered
for inclusion.

Inclusion criteria

Patients aged >18 years old who agreed to
participate in the study and fulfilled the diagnostic
criteria  for community-acquired pneumonia

according to the 2025 Vietnamese Respiratory
Society guidelines, based on clinical features,
blood tests, and pulmonary lesions identified
on imaging.® Pulmonary lesions suggestive of
pneumonia on chest radiography were defined
as alveolar, bronchopulmonary, or interstitial
abnormalities.® On lung ultrasound, imaging
findings suggestive of pneumonia included the
presence of multiple B-lines (=3 B-lines), lung
consolidation, air bronchograms, and pleural
effusion.?8

Exclusion criteria

Patients who could not undergo both lung
ultrasound and chest radiography before
antibiotic administration. Patients with acquired
immunodeficiency, a neutrophil count <1000/
mm3, those undergoing chemotherapy
or radiotherapy for cancer, or those who
were pregnant. Patients with pulmonary
tuberculosis or pulmonary embolism. Patients
with congestive heart failure, severe kidney
failure, or those receiving dialysis. Patients with
chronic inflammatory diseases or autoimmune
disorders, such as arthritis,
systemic lupus erythematosus, and others.

rheumatoid

2. Study design and variables
Study design
This was an analytical cross-sectional study.
Sample size

Convenience sampling was used to recruit
patients who met the eligibility criteria during the
study period. In practice, the study enrolled 85
patients with community-acquired pneumonia
who met the inclusion criteria, had no exclusion
criteria, and agreed to participate in the study.

Study procedures and variables

Lung ultrasound was performed before
the administration of antibiotics, together with

assessment of inflammatory biomarkers,
including white blood cell count [WBC] (G/L),
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neutrophil-to-lymphocyte ratio [NLR] derived
from the peripheral blood cell count, and
C-reactive protein [CRP] concentration (mg/L)
obtained from blood biochemistry testing.
Pneumonia severity assessmenttools, including
CURB-65 and PSI/PORT, were evaluated at
the time of hospital admission, and laboratory-
related components were supplemented once
the test results became available. CURB-
65 was subsequently categorized into three
groups: group 1 (0—1 points), group 2 (2 points),
and group 3 (3-5 points). PSI/PORT was
categorized into four groups: group I-Il (PSI
<70 points), group Il (PSI 71-90 points), group
IV (PSI 91-130 points), and group V (PSI >130
points).®

According to the hospital's
workflow, patients admitted to the Emergency
Department undergo chest radiography for
initial assessment before transfer to the ward,
whereas lung ultrasound is usually performed
thereafter. In this study, lung ultrasound
examinations in patients with pneumonia were
assessed by the same experienced radiologist.
The physician performing lung ultrasound was
blinded to the patient’s prior chest radiographic
findings. Lung ultrasound was performed using
a Philips ultrasound system (Netherlands) with
a linear transducer. Patients were examined
in the supine position. In patients without
mobility limitation, posterior lung regions
could also be examined in the sitting position.
The lung ultrasound protocol was conducted

routine

in accordance with the American Thoracic
Society guidelines using a 12-zone approach,
corresponding to 6 lung regions on each side
(anterior upper, anterior lower, lateral upper,
lateral lower, posterior upper, and posterior
lower). In each zone, the probe was placed
longitudinally within the intercostal space to
obtain a clear view of the pleural line between
two adjacent ribs, and was then gently tilted and
slid across adjacent intercostal spaces within
the same zone to broaden the survey area.
For each zone, the most severe aeration-loss
pattern identified during scanning was recorded
as the representative score. Each zone was
scored from 0 to 3 (Figure 1) according to the
degree of aeration and ultrasound findings
in that region (score 0: normal aeration, with
visible A-lines and pleural line, or <3 B-lines;
score 1: moderate loss of aeration with =3
B-lines [lung rockets] or B-lines occupying
<50% of the examined region; score 2: severe
loss of aeration with multiple coalescent B-lines
or B-lines occupying >50% of the examined
region; score 3: complete loss of aeration with
lung consolidation).” The total lung ultrasound
score was calculated as the sum of the scores
across the 12 lung regions (maximum, 36
points). Ultrasonographic signs of consolidation
included the shred sign and tissue-like sign. The
posterolateral alveolar and/or pleural syndrome
(PLAPS) included consolidation and pleural
effusion.
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Figure 1. lllustration of lung ultrasound score calculation
(images obtained from study patients)

Data analysis and processing

Data were entered using Microsoft Excel 365
and analyzed using R 4.5.0 and RStudio. The
associations between the total lung ultrasound
score and inflammatory markers were examined
using restricted cubic spline (RCS) regression
models and were visualized graphically to
assess both the overall trend and the potential
presence of nonlinear relationships. The overall
p value was used to assess the statistical
significance of the overall association, whereas
the p for non-linearity was used to test the
nonlinear component of the model. In addition,
the distribution of total lung ultrasound scores
across pneumonia severity subgroups based
on the CURB-65 and PSI/PORT scores was
illustrated using violin plots. Differences in the
median total lung ultrasound score between
groups were compared using the Kruskal—-
Wallis test. Furthermore, the associations
of inflammatory markers and pneumonia
severity with the total lung ultrasound score
were investigated using multivariable linear
regression models. Because CURB-65 and

PSI/PORT are both severity scoring systems
and share overlapping components, two
separate models were constructed to minimize
multicollinearity. Specifically, model 1 included
BMI, CRP, WBC, and CURB-65, whereas
model 2 included BMI, CRP, WBC, and PSI/
PORT. Results were presented as regression
coefficients (B), 95% confidence intervals, and
p values; p < 0.05 was considered statistically
significant.

3. Ethics approval

The study was approved by the Scientific
Research Council and the Biomedical Research
Ethics Committee of Can Tho University of
Medicine and Pharmacy (No. 24.216.HV/PCT-
HDDD) ngay 28/06/2024.

lll. RESULTS

During the study period from May 2025
to January 2026, a total of 85 patients with
community-acquired pneumonia who met
the eligibility criteria were included in the final
analysis. Selected general characteristics of
the study population are presented in Table 1.

Table 1. Baseline characteristics of participants

Characteristics

n %

Median (IQR) [Min, Max]

73.0 (16.0) [25.0, 95.0]

Age Age < 65 years old

23 27.1

Age 2 65 years old

62 72.9
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Characteristics

n

%

Male 47 55.3
Gender

Female 38 447

COPD 11 12.9

Sequelae of tuberculosis 6 71

CKD 13 15.3
Comorbidities Hypertension 47 55.3

Diabetes 25 29.4

Drug-induced Cushing

13 15.3

syndrome

Median (IQR), [Max, Min]

21.7 (5.0) [14.8, 27 4]

Underweight 10 11.8
Body mass index Normal 47 55.3
Overweight 18 21.2
Obesity 10 11.8
Class 1 16 16.8
CURB-65 classification Class 2 54 63.5
Class 3 15 17.6
Class I-ll 11 12.9
Class llI 55 64.7
PSI/PORT classification
Classs IV 14 16.5
Classs V 5 5.9
CRP (mg/L), Median (IQR) 68.2 (102.9)
Investigations WBC (G/L), Median (IQR) 9.35 (5.92)

NLR, Median (IQR)

6.3 (6.7)

Table 1 shows that the median age of the
patients was 73.0 years old, with most patients
aged 265 years old (72.9%). The proportions of

patients who were overweight and obese were

21.2% and 11.8%, respectively. Most patients
were classified as CURB-65 group 2 (63.5%)
and PSI/PORT group Il (64.7%).
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Table 2. Lung ultrasound characteristics in CAP patients

Characteristics n %
B-lines/Lung rocket 84 98.8
Shred sign 50 58.8
LUS signs Tissue-like sign 5 5.8
n (%) Air bronchogram 40 47 1
Pleural effusion 15 17.6
PLAPS 45 52.9
Consolidation * interstitial syndrome 55 64.7
LUS patterns "

n (%) Interstitial syndrome 29 341
Pleural effusion 15 17.6

Left anterior 2.0 (2.0)

Right anterior 2.0 (2.0)

LUS score of each region Left lateral 1.0 (2.0)

Median (IQR) Right lateral 1.0 (2.0)

Left posterior 2.0 (2.0)

Right posterior 2.0(3.0)

Total LUS score, Median (IQR) 10.0 (10.0)

The most frequently observed finding in
patients with pneumonia was B-lines/lung
rockets (98.8%), followed by consolidative
lesions identified by the shred sign, which

accounted for 58.8%, while 5.8% showed
a tissue-like sign (5.8%). Pleural effusion
e . Q"
6 S

p overall < 0.001
P soa-linear = 0.4%7

LUS score

p non-linear =

LUS score

was documented in 17.6% of cases. The
prevalence of PLAPS was 52.9%. Regarding
LUS patterns, consolidation with or without
interstitial syndrome was the predominant
pattern, accounting for 64.7%, and the median
total lung ultrasound score was 10.0.

NLR

P overall =~ 0.12)
P non-linear = 0.29%

P overall = 0.032
0.245

LUS score

Figure 2. Restricted cubic spline curves showing the associations between LUS score
and inflammatory markers
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Figure 2 shows that CRP and WBC increased
with increasing total lung ultrasound score, with
statistically significant associations across the

LUS score

p = 0.007%

Closs |
CURB-65 classification

Class Il

Class |
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entire range of values (overall p < 0.001 and
0.032, respectively), and no evidence of a
nonlinear relationship (p non-linearity > 0.05).

rd
g
’\\"
——
SN )0

p < 0.001% &
Class V

Class Il c:..:-. v
PSI/PORT classification

Figure 3. Distribution of LUS score according to CURB-65
and PSI/PORT severity classifications

Figure 3 shows that the total lung ultrasound
score increased progressively with increasing
pneumonia severity according to both the

CURB-65 and PSI/PORT scoring systems (p <
0.05).

Table 3. Multivariable linear regression analysis of factors associated with LUS score

Model 1 Model 2

Variables B (95% Cl) p Variables B (95% Cl) p
BMI -0.25 (-0.54. 0.04) 0.087 BMI -0.02 (-0.33. 0.27) 0.858
CRP 0.03 (0.02. 0.05) <0.001 CRP 0.03 (0.02. 0.04) <0.001
WBC 0.03 (-0.13. 0.18) 0.719 WBC -0.07 (-0.22. 0.08) 0.379

CURB-65 PSI/PORT

Class 1 1 (Reference) - Class 0 - | 1 (Reference) -
Class 2 3.12 (0.97. 5.26) 0.005 Class Il 3.66 (1.16. 6.15) 0.004
Class 3 9.54 (6.57. 12.50) <0.001 Class Il 9.33 (6.13. 12.52) <0.001
Class IV 12.30 (7.26. 17.24) <0.001

Table 3 shows that, in both multivariable
linear regression models, CRP was positively
and significantly associated with the total
lung ultrasound score. In contrast, WBC was
not significantly associated with the total lung

ultrasound score after adjustment. Regarding
pneumonia severity, stratification by either
CURB-65 or PSI/PORT remained significantly
associated with the total lung ultrasound score
(p <0.095).

JMR 202 E18 (05) - 2026

173



JOURNAL OF MEDICAL RESEARCH

IV. DISCUSSION

Our study showed that consolidation =+
interstitial syndrome was the most common LUS
pattern in patients with community-acquired
pneumonia. More importantly, after adjustment
for relevant factors, the total lung ultrasound
score remained independently associated with
the levels of inflammatory markers, particularly
CRP, as well as with disease severity. These
findings suggest that lung ultrasound not
only reflects the characteristics of pulmonary
parenchymal involvement at the time of
examination but may also provide additional
information regarding inflammatory burden and
clinical severity in patients with community-
acquired pneumonia.

With regard to lung ultrasound findings, our
results were generally consistent with previous
reports in that B-lines were the most frequently
observed sign when each individual finding
was considered separately.® However, when
analyzed at the level of imaging combinations,
lung consolidation with or without interstitial
syndrome was more common than isolated
interstitial syndrome. This finding is in agreement
with the study by Tran Le et al. (2025), in
which lung consolidation with or without
interstitial syndrome was overwhelmingly
predominant, accounting for 88.4%, whereas
isolated interstitial syndrome represented only
11.6%.° These data suggest that, although
B-lines are a very common manifestation in
community-acquired pneumonia, the clinical
interpretive value of lung ultrasound should not
be limited to individual signs alone but should
instead be considered within the broader
context of combined pulmonary parenchymal
abnormalities. This interpretation is further
supported by the report of Sezgin et al. (2020),
in which the authors proposed that even in
the absence of consolidation, pneumonia may

still be suggested on ultrasound when there
are at least three B-lines or diffuse interstitial
involvement.? In other words, B-lines and their
combinations are not merely accompanying
findings but may also serve a diagnostic role in
certain pneumonia phenotypes. Recent studies
have also shown that ultrasound imaging
features may vary according to the underlying
pathogen. For example, viral pneumonia is more
commonly associated with interstitial syndrome
and small subpleural consolidations, whereas
bacterial pneumonia more often manifests as
consolidation and pleural effusion, particularly
in the posterior and basal lung regions.™
Therefore, differences in causative pathogens
may represent a plausible explanation for the
heterogeneity across studies, in addition to
differences in study populations, timing of
assessment, and operator experience. In our
study, microbial etiology was not analyzed in
depth; therefore, the extent to which individual
pathogens contributed to the observed
ultrasound patterns could not be determined.
Nevertheless, other conditions that may also
produce B-lines, such as pulmonary edema or
interstitial lung disease, were excluded from
the study population. Therefore, the presence
of B-lines in this cohort most likely reflected
interstitial involvement related to pneumonia
rather than confounding from other pulmonary
or cardiovascular diseases, thereby increasing
the reliability of our interpretation.

Our study found that the total lung
ultrasound score was associated with the levels
of inflammatory markers, particularly CRP, and
that this association remained significant after
adjustment for relevant factors. These findings
suggest that the extent of abnormalities
detected on lung ultrasound not only reflects
morphological changes within the pulmonary
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parenchyma but also, to some extent, parallels
the intensity of the systemic inflammatory
response in patients with community-acquired
pneumonia. This interpretation is consistent
with the study by Fu et al. (2023), in which
the LUS score increased progressively with
pneumonia severity and was simultaneously
associated with several serum inflammatory
indices, including interleukin-6, interleukin-10,
TNF-a, CRP, and NLR.* From this perspective,
some recent trials, such as PLUS-IS-LESS,
have even proposed the use of lung ultrasound
as an adjunctive marker to help guide antibiotic
therapy in patients with community-acquired
pneumonia, in combination with biomarkers
such as procalcitonin." However, the currently
available evidence remains not entirely
consistent. For example, the trial by Lhopitallier
et al. (2021) showed that LUS has value as an
adjunctive tool in patient assessment, but did not
demonstrate that lung ultrasound could replace
inflammatory biomarkers in clinical practice.'?
This suggests that LUS should more likely
be regarded as a complementary component
within a comprehensive assessment model,
rather than as a standalone tool capable of fully
replacing laboratory biomarkers. In other words,
the principal value of lung ultrasound may lie
in its ability to provide an immediate bedside
imaging marker that reflects the burden of
pulmonary involvement, whereas inflammatory
markers continue to play an important role in
evaluating systemic inflammatory activity and
supporting therapeutic decision-making.

In addition, our analysis showed that the
total lung ultrasound score was associated
with commonly used severity assessment
tools, including CURB-65 and PSI/PORT. This
finding is consistent with the study by Rennis
et al. (2017), in which the lung ultrasound
score correlated with the PSI.5 This suggests
that the extent and severity of abnormalities

detected on lung ultrasound tend to parallel
the clinical severity of community-acquired
pneumonia. Notably, some recent studies
have even shown that lung ultrasound may
outperform traditional scoring systems such
as CURB-65 in prognostication and risk
stratification, indicating that lung ultrasound
is not only complementary but, in certain
contexts, may also compete with conventional
tools in the assessment of disease severity.?
Furthermore, our results also showed that the
total lung ultrasound score was associated with
inflammatory markers. This finding is important
because it indicates that the lung ultrasound
score not only reflects the morphological
burden of pulmonary involvement but also, to
some extent, mirrors the degree of systemic
inflammatory activation. In other words, when
the total lung ultrasound score increases, this
may correspond to more extensive pulmonary
parenchymal involvement, a more intense
inflammatory response, and a more severe
clinical presentation. This interpretation is
further supported by the fact that patients with
pulmonary tuberculosis were excluded from the
study; therefore, the parallel relationship among
the burden of pulmonary lesions, inflammatory
markers, and clinical severity more likely
reflects the pathophysiological characteristics of
acute pneumonia rather than being influenced
by other chronic infectious lung diseases.
This is consistent with the pathogenesis of
acute pneumonia, in which more extensive
pulmonary parenchymal involvement s
generally accompanied by a stronger local and
systemic inflammatory response.™ In contrast,
in pulmonary tuberculosis, the relationship
between imaging burden and clinical
manifestations or inflammatory markers is not
always concordant, particularly in subclinical
tuberculosis, in which patients may have
relatively evident imaging abnormalities despite
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minimal symptoms and a less prominent
systemic inflammatory response.® From a
practical perspective, these findings reinforce
the value of lung ultrasound as a bedside tool that
can simultaneously support the identification of
pulmonary lesions, estimation of inflammatory
burden, and contribution to risk stratification in
patients with community-acquired pneumonia.
To our knowledge, this is the first study
in Can Tho to apply lung ultrasound for the
assessment of pulmonary involvement in
patients with lower respiratory tract infection in
general and community-acquired pneumonia in
particular. One notable strength of the study lies
in the relatively rigorous participant selection
process, which improve the homogeneity of the
study population. In addition, lung ultrasound
was performed according to a standardized
assessment protocol before the incorporation
of biological test results into the analysis,
thereby reduce information bias and allowing
a more objective evaluation of the associations
between ultrasound findings, inflammatory
burden, and disease severity. Furthermore,
conditions that could interfere with the
interpretation of lung ultrasound findings,
particularly those capable of generating
B-lines, such as pulmonary edema or interstitial
lung disease, were excluded from the study.
This facilitated the attribution of the recorded
ultrasound abnormalities, especially interstitial
syndrome, to the acute pneumonic process
rather than to underlying comorbid conditions.
Nevertheless, several important limitations
should be considered when interpreting the
findings. First, convenience sampling was used;
therefore, the possibility of selection bias cannot
be completely excluded. In addition, the sample
size was relatively small, with only 85 patients,
and the study was conducted at a single center;
accordingly, the generalizability of the findings
to other populations remains limited. Second,

all ultrasound examinations were performed
by a single operator, and thus the study was
unable to assess inter-operator reproducibility
or inter-observer agreement. Third, the study
did not include a systematic comparison with a
reference imaging standard, particularly chest
computed tomography. Therefore, some cases
with pulmonary lesions may have been missed,
especially deep lesions or lesions located in
the apical regions, which are known to be less
well assessed by lung ultrasound. Finally, given
its analytical cross-sectional design, the study
primarily reflects associations at a single time
point and therefore does not provide a sufficient
basis for causal inference or for evaluating
prognostic value over time.

V. CONCLUSION

In patients with community-acquired
pneumonia, consolidation, with or without
interstitial syndrome, represents the
most common pattern of lung ultrasound
abnormalities. Lung ultrasound not only has
value in detecting pulmonary parenchymal
lesions but also shows potential in supporting
the assessment of inflammatory burden,
severity stratification, and the guidance of
follow-up and prognostication in patients with
community-acquired pneumonia in clinical
practice.
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