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Abstract

Outline: Lung ultrasound can detect B-lines in both disease states and normal patients. B-lines are sensitive indicators for
interstitial oedema, but research is limited in terms of what is a ‘normal’ amount in healthy adults. Current belief is that 3 B-lines
in laterobasal areas can be normal. We aimed to determine what is normal in healthy patients of different ages. We hypothesised
that older patients and patients with the previous history of lung disease or smoking would have more B-lines.

Methods: We performed a cross-sectional study on a convenience sample of 200 volunteers: 100 aged 1849 (median age 33.5)
and 100 aged 50-91 (median age 70.5). Volunteers were recruited in 2017 from two participating sites. All participants were
scanned by a single researcher using a standardised lung protocol. Multivariate regression was conducted to determine
independent predictors of B-line presence.

Results: B-lines were found in 12.5% (95%Cl: 8.4-17.6) of all volunteers (n = 25/200), with 20% (95%Cl: 13.3-28.9) prevalence
in the younger group and 5% (95%Cl: 1.9-10.7) in the older group (P < 0.0001). A total of 84% (95%Cl: 65.3-93.6) had only 1 B-
line (n = 21/25). 31.3% (95%Cl: 20.0-45.6) of young females had B-lines. Only one volunteer had >3 B-lines in one scanned area.
Participants with chronic lung disease had more B-lines (P = 0.03). Smokers (n = 13) also had more B-lines (31% vs. 11% of non-
smokers). Smoking and younger age were independent predictors of B-line presence multivariate logistic regression models, but
only for females.

Conclusion: >2 B-lines are uncommon in healthy, ambulatory adults. Further research is needed to investigate the higher
prevalence found in young females.
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Introduction

Lung ultrasound is a useful diagnostic modality in the critical
care setting. It can detect multiple lung surface abnormalities,
as well as interstitial abnormalities which are visible as ‘B-
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lines’." The utility of B-lines is contentious as they are sensitive
but non-specific.” There are few studies describing their diag-
nostic utility (Box 1).

Protocols have been developed to identify disease by count-
ing the frequency and distribution of B-lines.”® Most studies
have focused on acutely unwell or intensive care patients**'* "
or on resolution of B-lines with treatment'*'® (Box 2).
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Box 1: Summary of diagnostic utility of B-lines for lung conditions

Author, year

Condition

Sample characteristics

Findings

Volpicell et al. 2008

Alveolar consolidation

217 consecutive patients admitted to EMU with
no diagnosis (Turin, Italy)

65.3% of patients with alveolar consolidation
had =3 B-lines in the surrounding area

Baldi et al. 2013*

Interstitial oedema

20 consecutive in-patients admitted to ICU who
also had chest CT (Pisa, ltaly)

>6 B-lines corresponded with interstitial oedema
(94% sensitivity)

seen in the Heart Failure Clinic (Rio Grande

Barskova et al. 2013° Systemic sclerosis 58 consecutive out-patients with systemic Average 40 B-lines each overall
sclerosis seen in Rheumatology Clinic Average 57 B-lines in patients with ILD
(Florence, ltaly) Average 9 B-lines without ILD

Miglioranza et al. 2013° Heart failure 97 consecutive out-patients with heart failure =15 B-lines in a single patient correlated with

decompensation

do Sul, Brazil)

Patients with higher BNP had more B-lines
than patients with lower BNP (54 vs. 17 B-lines
per patient)

EMU, emergency medicine unit; ILD, interstitial lung disease; BNP, B-type natriuretic peptide (higher values = worse heart disease).

Box 2: Summary of resolution of B-lines in certain conditions.

Author, year Condition Sample characteristics Findings

Noble et al. 2009™ Renal failure 40 renal failure patients undergoing Decrease of 2.7 B-lines per 500 ml fluid removed
haemodialysis (Massachusetts, USA) with haemodialysis

Vitturi et al. 2014 Renal failure 71 consecutive patients undergoing Significant decrease in B-lines with

haemodialysis (Treviso, Italy)

haemodialysis (no exact numbers given)

Volpicelii ef al. 2008 Decompensated heart

failure

81 consecutive patients admitted to EMU with
established symptomatic ADHF (Turin, Italy)

76.3% reduction in positive scans after treatment

ADHF, acute decompensated heart failure; EMU, emergency medicine unit.

There is limited research on healthy participants. A USA
study by Chiesa et al. 2014"” looked at the incidence of B-lines
in 50 younger (age 6-56) and 100 older (>65 years) partici-
pants over a 3-year period (2009-2012). They found 10% of the
younger group and 37% of the older group had >1 B-lines, with
28% (95%CIL: 21.4-35.7) of their total population having
B-lines. In the older group, 10% (95%CI: 6.2-15.8) had >3
B-lines (with eight participants having >3 in a single region).
Smokers and patients with pre-existing lung disease were
excluded from the study.

An earlier Italian study (Sperandeo et al. 2012'®%) found an
average of 1.93 (95%CI: 1.89-1.97) B-lines (across all lung
fields) in 193 healthy non-smoking hospital employees. This
was significantly lower than 3.11 B-lines found in patients with
acute dyspnoea. The proportion of participants who had no
B-lines was not reported.

Another Italian study (Volpicelli et al. 2008>) performed
chest X-ray and ultrasound on 217 consecutive emergency
department patients. They defined a pathological ‘B+ pat-
tern’ as >3 B-lines in a single lung area. The B+ pattern
was found in 34.4% of 145 patients with a normal chest
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X-ray (76% of these were in the laterobasal area). However,
26 of these 145 patients were later found to have respiratory
disease.

Current literature is therefore speculative in terms of what is
‘normal’ when it comes to incidence of lung surface abnormali-
ties. We found no studies that investigated a healthy population
and tried to determine what factors may contribute to the pres-
ence of B-lines.

In this study, we aimed to determine what is normal for
B-lines in the lungs of well Australian participants, including
current and past smokers, and those who have past history of
illness that are thought to contribute to B-lines and other lung
surface abnormalities. We aimed to describe variation in B-line
presence in healthy volunteers and to find predictors of B-line
presence.

Methods
Study design

This was a prospective, cross-sectional observational study of a
convenience sample of healthy, ambulatory volunteers.
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Setting

Data collection occurred at two sites between April and Decem-
ber 2017: the Gold Coast University Hospital Emergency
Department (GCUH — Southport, QLD, 4215) and the Aus-
tralian Institute of Ultrasound (AIU — Broadbeach Waters,
QLD, 4218). The AIU is a private ultrasound teaching facility
with a large cohort of volunteers who act as teaching models.

Participants

There were 200 participants in the study. Eligible participants
were over 18 years of age with no symptoms of respiratory ill-
ness, not pregnant and able to provide written consent.

Staff from GCUH and AIU as well as volunteers and students
from AIU were approached to participate. Ambulatory GCUH
emergency department patients with minor injuries not affect-
ing their respiratory system (limb sprains, simple lacerations,
etc.) were also approached.

After participating in the study on the day, there was no fur-
ther follow-up of participants, except where findings raised
concerns. In those cases, the participant’s general practitioner
was notified of the findings (a small number of participants had
a finding of irregular pleura or 3+ B-lines in one area, and they
were referred to GP for chest X-ray).

There was minimal literature available to support an
expected correlation coefficient and suggested sample size for
our study. With a sample size of 200, a correlation coefficient of
0.2 or above between the variables (B-lines and age) would
achieve a statistically significant difference from zero (P < 0.05
with power of 80%).

Chiesa et al."” found 10% B-lines in their younger group and
35% in their older group. A sample size of 200 would also allow
us to identify a difference of 25% in the prevalence of B-lines
between the older and younger age group, with 99% power at
the 95% confidence interval.

Questionnaire

Participants completed a short questionnaire prior to their lung
scan. The questionnaire included screening for potential expo-
sures or conditions where B-lines are known to occur. Specifi-
cally, history of smoking, asthma, pneumonia, pulmonary

embolism, radiotherapy of chest wall/lung, lung operation,
bronchiectasis, heart failure, emphysema, pleurodesis, lupus
and rheumatoid arthritis. Participants also indicated the side of
the affected lung if known.

The investigator performing the scan was not blinded to the
results of the questionnaire.

Scan technigue

All participants were scanned with a Fujifilm Sonosite X-Porte
machine (manufactured in Bothell, USA). A curvilinear probe
and the same settings were used for all participants: frequency
5-2 MHz, depth 9.9 cm, MI 1.1, TIS 0.3, G 50, frequency —3,
Pen, tissue harmonics and compound imaging off.

The Volpicelli protocol was followed, but using longitudinal
probe orientation as recommended in the 2012 consensus
guidelines'”; each scan consisted of four anterior sites (R1, R2,
L1 and L2), four lateral sites (R3, R4, L3 and L4) and with the
addition of four posterior sites (R5, R6, L5 and L6; Figure 1).
Areas 1-4 were scanned with the subject supine with head of
bed elevated to ~20°. Areas 5-6 were scanned with subject sit-
ting forward.

A B-line was defined as a discrete vertical hyperechoic reverber-
ation artefact that arises from the pleural line and extends the full
depth of the image without fading, obliterates any A-lines (normal
horizontal repetition artefacts arising from the pleural line'?) and
moves synchronously with lung sliding'>"? (Figure 2).

The two outcomes measured were the number and location
of any B-lines. Incidental findings of irregular pleura, consoli-
dation and pleural effusion were noted as text entries. These
were recorded on de-identified hard-copy templates during
scanning.

All participants were live-scanned by a single investigator.
De-identified still images of the 12 lung areas were saved and
labelled. Images were then reviewed by an expert clinician
sonologist who was blinded to patient demographics, question-
naire answers and outcomes measured on live scanning. The
expert sonologist also recorded outcomes (number and location
of B-lines) per area reviewed as well as incidental findings (as
above). Measured outcomes were compared to determine inter-
rater reliability.

Figure 1: Lung areas scanned. (a) anterior chest. (b) lateral chest. (c) posterior chest.
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Figure 2: Both images from the same participant, different areas of lung. (a) Normal lung with no B-line, liver visible on right of image. (b) Lung

with single B-line.

Ethics
Ethics approval was granted by the Gold Coast Hospital and
Health Service Ethics Committee (HREC/16/QGC/295).

Statistical methods

Data were analysed in SPSS v24.0. Means and proportions
were reported to describe the number of B-lines and charac-
teristics of participants in each age group. To determine an
association between B-lines and outcome variables, we con-
ducted two-tailed t-tests for continuous normally distributed
variables and chi-square tests for binary and categorical vari-
ables, using Fisher’s exact tests for cells with less than five
cases. Differences were considered statistically significant if
corresponding P-values were less than 0.05. 95% confidence
intervals around proportions were calculated using the Wil-
son score method.

Multivariate analysis in the form of regression modelling was
undertaken. Generalised linear models using a robust estimator
were built using a binary logit outcome (B-lines none vs. any)
and a linear outcome (number of B-lines). Interactions between
age and sex were considered. Independent variables tested for
their effect on the B-line dependent variable were as follows:
age, sex, smoking status, any lung disease, asthma and
pneumonia.

Results

Participants
The 200 participants were aged between 20 and 91 years. In
total, 56% were female. All were active and ambulant.
Participants were divided into two groups: 100 in the <50 age
group and 100 in the >50 age group. Most of the older volun-
teers were recruited through AIU and most of the younger vol-
unteers from GCUH (Table 1). The majority of AIU
participants were regular volunteers of AIU, and most of the
GCUH participants were staff (nursing and medical).
Thirteen (6.5%) participants reported current smoking.
Twenty-three (11.5%) reported a history of pneumonia, and 36
(18%) had a history of asthma. All other conditions were rare;
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Table 1: Participant recruitment from research sites.
AlU GCUH

Number of 92 108
participants
recruited

Percentage of 12% 96%
participants in <50
age group

Percentage of 88% 4%
participants in >50
age group

four had bronchiectasis, and two had heart failure and none or
one for other conditions of interest (Table 2).

Statistically significant differences were identified by age
group for sex (with more females in the older group) and in
smoking status (with larger proportions of non-smokers in the
younger group and ex-smokers in the older group). Current
smoking did not vary significantly by age group (Table 2).

B-lines and other lung findings
B-lines were found in 25 of the 200 participants (12.5%, 95%CI:
8.6-17.8). Twenty-one (84%) had only one B-line. One partici-
pant had 2 B-lines in one area (L4). Three participants had >3
B-lines (1.5%, 95%CI: 0.5-4.3). In regard to these three partici-
pants, one had 1 B-line in areas R3, R4 and L6 (total of 3), one
had 2 B-lines in L3 and 1 in R6 (total of 3), and one had 3 B-
lines in L1 and 1 in R6 (total of 4, which was the most B-lines
found in a single individual). A total of 33 B-lines were found
in the 200 participants (13 in males, 20 in females; Figure 3).
Pleural irregularities were identified in seven volunteers
(3.5%); five of these also had B-lines. Fifteen of the 23 patients
with past pneumonia could not recall which side the pneumo-
nia was on. Of the 8 that could, only one had a B-line on the
same side and six had no B-lines. B-line presence was associ-
ated with younger age (P < 0.001; Figure 4) and a history of
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Table 2: Characteristics of the sample: all volunteers and by age group.

All volunteers (n = 200) <50 years (n = 100) 50+ years (n = 100)
n % n % n %
Sex
Female 1M 55.5 48 48.0 63 63.0
Male 89 445 52 52.0 37 37.0
History of medical condition
Any lung 53 26.5 27 27.0 26 26.0
disease
Asthma 36 18.0 23 230 13 13.0
Pneumonia 23 1.5 9 9.0 14 14.0
Smoking status
Current smoker 13 6.5 8 8.0 5 5.0
Ex-smoker 65 325 17 17.0 48 48.0
Never smoker 122 61.0 75 75.0 47 47.0

Male Female
n=2_89 n=111
Right Lung | Left Lung

0% 23% Anterior apex 0% 5%
15% 0% Anterior lower 20% 0%
15% 23% Axilla upper 35% 0%
0% 0% Axilla lower 5% 25%
8% 0% Posterior upper 0% 0%
15% 0% Posterior lower 5% 5%

Figure 3: B-line distribution differences between males and females.

any lung disease (P < 0.05). In total, 31% of current smokers
had B-lines (compared with 11% of non- and ex-smokers,
P = 0.062). Twenty-two per cent of asthmatics had B-lines
compared to 10.4% of non-asthmatics (P = 0.051; Table 3).

We identified an interaction between age group and gender
on the presence of B-lines (Figure 5). B-lines were more preva-
lent in the younger group of females. In this group, nearly one-
third of volunteers had B-lines [n = 15 of 48 (31.3%, 95%CI:
20.0-45.6)]. Seven of these 48 had B-lines in the R3 area. Com-
paratively, only two females in the older group had B-lines
(3.2%). In males, both groups had similar proportions of cases
with B-lines (9.6% younger vs. 8.1% older). No consistent cor-
relation was found between the number of B-lines and increas-
ing age.

Other analyses

Multivariate findings
Because of the significant discrepancy between the sexes, sepa-
rate logistic regression models were built for males and females.

© 2019 Australasian Society for Ultrasound in Medicine

For males, none of the variables tested in the model were sig-
nificant predictors of B-lines, including age, current smoking
and any medical history. For females, in the final model, only
age remained a significant predictor, whether entered as a con-
tinuous variable, or as age category (P < 0.001 for either). Cur-
rent smoking almost reached significant association with the
presence of B-lines with P = 0.05 and remained in the binary
outcome regression model after adjusting for age (P = 0.067);
however, there were only four current smokers amongst the
111 females.

In the continuous generalised linear model, age was nega-
tively associated with the number of B-lines (B = —0.003, 95%
CIL: —0.006—0.001), but not statistically significant (P = 0.216).
In multivariate linear modelling, none of the variables exam-
ined were significantly correlated with the number of
B-lines.

Comparisons of live scans to blinded review

Twenty of 200 cases (10%) had one or more scan regions
missing for the second review and were excluded for the inter-
rater accuracy analysis. Of the remaining 180 cases, reviewers
agreed on the presence or absence of B-lines for 166 cases
(92.2%). However, although the match rate and specificity
were high (specificity = 96.9%), the sensitivity of identification
of B-lines with image review was only 55% (Figure 6). Inter-
observer variability was only fair, with a kappa of 0.57 (95%
CI: 0.35-0.79).

Discussion

Current belief is that three or more B-lines in any single lung
region suggest pathology' and previous research have indicated

AJUM May 2019 22 (2) 133
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Figure 6: Comparison of findings for 180 scans: live scanning vs expert
review.

that 34% of hospitalised patients have >3 B-lines in their later-
obasal areas.” Overall, however, there is a paucity of research in
healthy patients to support this. Any condition that can cause
interstitial oedema (heart failure,'>'® renal failure,'*'>** acute
respiratory distress syndrome'') will increase the number of B-
lines found. There 1is some correlational evidence
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demonstrating that the presence of B-lines increases in diseases
including systemic sclerosis,”*' rheumatoid arthritis>* and con-
nective tissue disorders,” but this is secondary to interstitial
oedema as a result of the systemic disease.

An understanding of the distribution of B-lines in a normal
population, however, is not well established. Chiesa et al.'”
were the only study that looked at healthy participants, and
they found 10% met the criteria for pathology (3+ B-lines in
one area). In our study, only one participant (0.5%) had 3
B-lines in one area (this same participant had 4 total B-lines).
Two other participants (1%) had 3 B-lines across multiple lung
fields.

Based on the literature, we expected that B-lines would
increase with age in a healthy adult population and that a his-
tory of lung disease/smoking would also affect the number of
B-lines found. We were only partially correct.

Unexpectedly, older age was not a predictor of B-line preva-
lence in this study. Only 5% of our older population had B-
lines, compared to 37% reported by Chiesa et al.'” Whilst
Chiesa found a 10% prevalence of B-lines in their younger
group, our study reports 20% prevalence in the <50 group.

The highest prevalence of B-lines was found in young females
(31% had B-lines). In this group, seven (46.7%) had B-lines in
the R3 area. It is possible that this B-line is actually a reflection
of the right horizontal lung fissure. Lichtenstein®* has previ-
ously suggested that interlobar septa can appear as B-lines on
ultrasound. It is unclear why this is present in young females
and not males, but may be a result of the area being scanned
more posteriorly to avoid breast tissue. Further research is
needed to explore this anomaly.

Although not statistically significant, current smoking
appeared to increase the presence of B-lines (31% vs. 11% in
non-smokers). In our study, only 13 (6.5%) of the volunteers
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were current smokers (compared with 16% of Australians aged
>18>). It is likely that our study was not adequately powered to
find a difference between current smokers and non-smokers.
Further research into this area could be of benefit accounting
for past or present smoking, including magnitude of smoking
habit.

Patients with a history of asthma had an increase in B-lines
(22.4% vs. 10.4%). This finding is hypothesis generating, and
further research would be needed to verify this finding and
explore possible causation.

Table 3: Presence of B-lines by volunteer characteristics.

Our interobserver variability was only fair, and in future
studies, this could be improved by the capturing of clips rather
than still images of each lung area.

Overall, our study found a much lower incidence of B-lines
than was previously thought to be present in a normal popula-
tion, with the exception of young females. We also found that
in participants who did have B-lines, the majority (84%) had
only one. The usual belief that >3 B-lines means pathology may
need revision, and based on the results of our study, detecting
>2 B-lines in a single patient is abnormal and should prompt

All volunteers B-LINES P-value for none
Absent Present ve. any
Total N n % n %
200 175 87.5 25 125

Sex
Male 89 81 91.0 8 9.0 0.179
Female M 9% 84.7 17 15.3

Age group
<50 100 80 80.0 20 20.0 0.001
50+ 100 95 95.0 5 5.0

Smoking status
Current smokers 13 9 69.2 4 30.8 0.062
vs. All others 187 166 88.8 21 1.2
Ex-smokers 65 59 90.8 6 9.2 0.527
vs. Never 122 107 87.7 15 12.3
smokers
Any smoking 78 68 87.2 10 12.8 0.913
vs. Never 122 107 87.7 15 12.3
smokers

Lung disease history
Any lung 53 42 79.2 1" 208 0.034
disease history
No lung disease 147 133 90.5 14 9.5
history
Asthma 36 28 778 8 222 0.051
No asthma 164 147 89.6 17 10.4
History of 23 19 826 4 174 0.500
pneumonia
No history 177 156 88.1 21 1.9
pneumonia

© 2019 Australasian Society for Ultrasound in Medicine
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consideration for further investigation depending on the clini-
cal context.

Limitations

Since participant recruitment was based on convenience sam-
ples, our study likely suffers from a degree of selection bias. The
external validity of this study may also be suboptimal, and the
participants may not be full representative of the general popu-
lation. The majority of participants in the <50 age group
worked in health care, and the majority of the >50 age group
were regular AIU volunteers. This may be an explanation for
why our study had such a low percentage of smokers.

A limitation was found in distinguishing B-lines between live
scanning and looking at still images. Ultrasound is known to be
operator dependent, and therefore, real-time imaging and post-
exam film review are known to generate some differences.”® B-
lines are more obvious when they move across the screen with
breathing, and artefacts that appear in still pictures may not be
evident in live scanning. Having two researchers scanning every
participant and comparing results would increase inter-rater
reliability but at the expense of being more time consuming
and impractical.

This study used a Sonosite X-Porte — a newer machine which
uses multiple beam focusing technology, preventing the beam
divergence beyond a single focus. It is not possible to optimise
image parameters for a high focus and lower depth. This may
cause some lack of clarity in B-line rendition and reduce the
number counted. Given that all participants were scanned with
the same model machine, there is consistency in this study;
however, it may not reflect the ‘true’ number of B-lines. This is
at least useful in Australia as the Sonosite X-Porte is a com-
monly used machine in Australian emergency departments.

Conclusion

This is the first study to target healthy patients with a variety of
past medical conditions and smoking to see if B-lines are truly
an ‘abnormal finding’. We can say with confidence, that very few
B-lines are present in the self-reported ‘healthy’ population. A
previously well patient newly arrived in the emergency depart-
ment should not be expected to have any B-lines. Finding >2 B-
lines in a patient indicates a likely abnormality; however, the
implications of practice cannot be determined from this study,
though it does appear that B-lines are more common in younger
patients and females. We would recommend that clinicians con-
sider the need for further investigation in any dyspnoeic patient
in which >2 B-lines are found, depending on the clinical context.
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