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Abstract
Purpose  To describe point-of-care lung ultrasound (POC-LUS) artifact findings in children admitted to the pediatric intensive 
care unit (PICU) for acute respiratory failure (ARF).
Methods  This is a secondary analysis of a prospective observational study completed in a 21-bed PICU. Children > 37 weeks 
gestational age and ≤ 18 years were enrolled from December 2018 to February 2020. POC-LUS was completed and inter-
preted by separate physicians blinded to all clinical information. POC-LUS was evaluated for the presence of lung sliding, 
pleural line characteristics, ultrasound artifacts, and the ultrasound diagnosis.
Results  Eighty-seven subjects were included. A-lines were the most frequent artifact, occurring in 58% of lung zones 
(163/281) in those with bronchiolitis, 39% of lung zones (64/164) in those with pneumonia, and 81% of lung zones (48/59) 
in those with status asthmaticus. Sub-pleural consolidation was second most common, occurring in 28% (80/281), 30% 
(50/164), and 12% (7/59) of those with bronchiolitis, pneumonia, and status asthmaticus, respectively. The pattern a priori 
defined as bronchiolitis, pneumonia, and status asthmaticus was demonstrated in 31% (15/48), 10% (3/29), and 40% (4/10) 
of subjects with bronchiolitis, pneumonia, and status asthmaticus, respectively.
Conclusion  We found significant heterogeneity and overlap of POC-LUS artifacts across the most common etiologies of ARF 
in children admitted to the PICU. We have described the POC-LUS artifact findings in pediatric ARF to support clinicians 
using POC-LUS and to guide future pediatric POC-LUS studies. Determining the optimal role of POC-LUS as an adjunct 
in the care of pediatric patients requires further study.

Keywords  Acute respiratory failure · Critical care · Diagnostic imaging · Lung ultrasound · Pediatrics · Point-of-care 
ultrasound

Introduction

Acute respiratory failure (ARF) accounts for more than 
a quarter of all pediatric intensive care unit (PICU) 
admissions, making it one of the most common indica-
tions for admission [1]. Despite high disease burden, 
pediatric ARF’s epidemiology remains poorly described 
due to its diagnostic challenges [2]. Initial management 
focuses primarily on supportive care and treatment of the 
underlying disease process [2]. However, given frequent 
diagnostic uncertainty, many are initially treated with 
a multi-therapy approach until the etiology underlying 
the ARF becomes better defined, after which therapeutic 
de-escalation occurs. Accurately identifying the etiol-
ogy leading to ARF early in the hospital course could 
improve the care these children receive by helping direct 
timely and necessary therapies while allowing cessation 
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of unnecessary treatments. Point-of-care lung ultrasound 
(POC-LUS) has emerged as an invaluable tool in assess-
ing adults with ARF, demonstrating high sensitivity and 
specificity in determining the cause of ARF on presenta-
tion [3, 4]. Therefore, it is prudent to establish if POC-
LUS can be equally effective in determining the cause of 
ARF in infants and children.

While there exists a growing body of evidence sup-
porting the use of POC-LUS in the diagnosis and care 
of pediatric patients in the emergency department (ED) 
and inpatient ward, relevance of this data to children with 
ARF in the PICU remains unclear. There is increasing 
use of point-of-care ultrasound (POCUS) in the PICU 
and many high quality reviews describing its use in pedi-
atric ARF [5–7]. In addition to its diagnostic capabili-
ties, benefits of POC-LUS include a rapid time to image 
acquisition, short exam time, real-time interpretation and 
integration into patient care, promotion of time spent at 
the bedside, low cost, and repeatability [7–10]. However, 
standardized clinical research in pediatric POC-LUS in 
the PICU is still lacking [10]; published pediatric POCUS 
guidelines recommend use of POC-LUS in critically ill 
pediatric patients based on low-quality evidence (level B 
and lower), and primarily on neonatal and adult intensive 
care unit (ICU) studies [8]. Given the increasing interest 
in diagnostic POCUS in pediatric ARF [5], our objective 
is to describe POC-LUS artifact findings in a previously 
published cohort of children admitted to the PICU with 
ARF to help guide clinicians and inform future POC-LUS 
research studies [11].

Methods

The Institutional Review Board at the University of Wis-
consin-Madison approved this secondary analysis of a 
prospective observational study (completed December 
2018 to February 2020) evaluating the sensitivity and 
specificity of POC-LUS in determining the etiology of 
ARF on PICU admission (IRB 2018-0711). The full study 
protocol has been previously published [11]. In summary, 
following informed consent, a POC-LUS was performed 
by one of three PICU physicians with 1–3 years clinical 
POCUS experience, who were not providing clinical care 
to the patient, and who were blinded to historical and clini-
cal subject information (except as apparent at the bed-
side), scanning 3-zones (anterior, lateral, posterior) per 
hemi-thorax (Fig. 1) for the most abnormal sonographic 
finding(s) within each zone. A video clip of the most 
abnormal finding was saved to Q-path (Telexy Health-
care; British Columbia, Canada) and interpreted offline 
by a second physician, an intensivist with > 7 years clini-
cal POCUS experience, who was blinded to all subject 
information. POC-LUS was examined for the presence of 
lung sliding, pleural line characteristics, ultrasound arti-
facts (examples in Fig. 2), and ultrasound diagnosis, and 
findings were recorded in Q-path. A second expert (an 
ultrasound-fellowship trained ED physician with > 7 years 
clinical POCUS experience) additionally reviewed the 
ultrasound diagnoses but due to loss of data during a 
Q-path system upgrade (documentation of the image loca-
tion/lung zone), was not able to assess artifacts based on 
anatomic location. Thus, this report contains data only 
from the single intensivist reviewer. Ultrasound exams 

Fig. 1   Lung ultrasound scanning locations. Anterior zone located between the anterior axillary line and sternum, lateral zone between the ante-
rior and posterior axillary lines, and posterior zone between the posterior axillary line and spine
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were completed within 14 h of PICU admission, as close 
to admission as feasible. Patients were diagnosed with 
ARF if the treating physician determined a clinical need 
for PICU admission and use of noninvasive or invasive 
respiratory support [2, 11]. 

A literature review was conducted prior to the start of 
the study to define the ultrasound patterns of the most 
likely causes of ARF to be evaluated during the study. 
At the time of inception, there were no published POC-
LUS studies conducted within the PICU. We thus incor-
porated literature evaluating subjects in the pediatric ED 
[12–15], pediatric ward [16–20], and adult ICUs [3, 4, 
21] to define the patterns of the a priori determined most 
likely causes of pediatric ARF: status asthmaticus [4, 
12], bronchiolitis/viral pneumonitis [15–17, 19], bacte-
rial pneumonia [3, 14, 18, 20], acute respiratory distress 
syndrome (ARDS) [3, 4], and pulmonary edema [3, 4]. 
We also included definitions for pneumothorax [22, 23] 
and pleural effusion [24], since their findings are distinct 
and had been well described in the literature. As ARDS is 
a clinical syndrome rather than a discrete etiologic cause 
of respiratory failure with diagnostic criteria that overlap 
other causes of respiratory failure, we analyzed data for 
this manuscript based on the underlying etiologic cause of 

the ARF [11]. Studies were collated to define ultrasound 
patterns correlating with these likely etiologies (Supple-
mentary Table 1), as previously published [11].

We compared the ultrasound diagnosis to the diagnos-
tic reference standard (termed final diagnosis), an inde-
pendent standardized review of the medical record (EMR) 
following hospital discharge by a physician not involved 
in the subject’s care and blinded to POC-LUS findings 
and diagnosis [11]. The final diagnoses were likewise 
developed using an evidence-based review of the litera-
ture incorporating the EMR documented history, clini-
cal findings, laboratory tests, radiographic data, hospital 
management, and course to determine the etiology of the 
ARF that led to the hospitalization [11]. Disease defining 
characteristics are presented in Supplementary Table 2. 
Study comparisons are presented using descriptive sta-
tistics (numbers and percentages for categorical variables 
and medians with interquartile ranges for continuous vari-
ables). Categorical variables are compared between groups 
using the Pearson’s chi-squared or Fisher’s exact tests and 
continuous variables compared using the Kruskal–Wallis 
test. All use a two-tailed p value ≤ 0.05 as demonstrating 
statistical significance. Data were analyzed using R (ver-
sion 3.6.3).

Fig. 2   Ultrasound artifact 
examples. Video examples of 
ultrasound artifacts in the online 
supplement
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Results

Eighty-eight subjects were enrolled in the parent study, 
87 of whom are included in this analysis. One subject was 
excluded because of an inability of two reviewers to con-
gruently determine a single final diagnosis. There were 48 
subjects (55%) with a final diagnosis of bronchiolitis/viral 
pneumonitis, 29 (33%) with pneumonia, and 10 (11%) 
with status asthmaticus. The cohort was 63% male (55/87), 
had a median age of 22 months (IQR 7.5–67); 66% had 
no medical history (57/87) while 34% had bronchopulmo-
nary dysplasia or asthma (30/87); and 44% were receiving 
HFNC at the time POC-LUS was completed (38/87) with 

42% on noninvasive positive pressure ventilation (37/87), 
6% on invasive ventilation (5/87), and 8% receiving con-
tinuous nebulized therapy without other support (7/87) 
(Table 1). A detailed comparison of ultrasound artifact 
findings by disease process, hemi-thorax side, and lung 
zone location is shown in Supplementary Table 3.

Ultrasound characteristics in bronchiolitis

An evaluation of sliding was not documented in 2.4% of 
imaged zones (7/288), was absent in 0.3% (1/281), and was 
present in 99.6% of interpreted zones (280/281). Evaluation 
of the pleural line was not documented in 7.3% of imaged 
zones (21/288), was thick and irregular in 21% (56/267), 

Table 1   Demographics of study population

BiPAP bilevel positive airway pressure, CPAP continuous positive airway pressure, HFNC high flow nasal cannula, IQR interquartile range, 
PICU pediatric intensive care unit
a Receiving when POC-LUS performed; bsum > 100% given patients with multiple underlying medical conditions; cbronchopulmonary dysplasia, 
chronic lung disease, or chronic respiratory failure diagnosis; dpercent of obtained tests; epercent of total patients

Bronchiolitis, n = 48 Pneumonia, n = 29 Status Asthmaticus, n = 10 p-value

Age in months (median, IQR) 14.5 (4.8–41.3) 25.0 (14.0–86.0) 65.0 (37.3–76.8)  < 0.01
Male sex (n, %) 32 (67%) 17 (59%) 6 (60%) 0.77
Medical History (n, %)b

 None 34 (71%) 21 (72%) 2 (20%)  < 0.01
 Asthma 10 (21%) 2 (7%) 8 (80%)  < 0.01
 Bronchopulmonary dysplasiac 5 (10%) 4 (14%) 0 (0%) 0.10
 Chronic aspiration 3 (6%) 2 (7%) 0 (0%) 1.00
 Baseline pulmonary medications 15 (45%) 11 (38%) 8 (80%) 0.02
 Home respiratory support device 7 (15%) 4 (14%) 0 (0%) 0.59

Respiratory Support (n, %)a < 0.01
 HFNC 22 (46%) 15 (52%) 1 (10%)
 CPAP 7 (15%) 2 (7%) 0 (0%)
 BiPAP 16 (33%) 10 (34%) 2 (20%)
 Mechanical ventilation 3 (6%) 2 (7%) 0 (0%)
 Continuous nebulized therapy 0 (0%) 0 (0%) 7 (70%)

Respiratory Therapies (n, %)a

 B-agonist 21 (44%) 12 (41%) 10 (100%) < 0.01
 Corticosteroid 9 (19%) 3 (10%) 10 (100%) < 0.01
 Hypertonic saline 3 (6%) 2 (7%) 0 (0%) 1.00
 Ipratropium 6 (13%) 2 (7%) 9 (90%) < 0.01
 Magnesium 2 (4%) 1 (3%) 2 (20%) 0.14
 Racemic epinephrine 0 (0%) 3 (10%) 0 (0%) 0.07
 Antibiotics 21 (44%) 27 (93%) 4 (40%) < 0.01

Respiratory Viral Panel (n, %)a

 Positived 35 (97%) 15 (79%) 2 (66%) 0.05
 Negatived 1 (3%) 4 (21%) 1 (33%)
 Not obtainede 12 (25%) 10 (34%) 7 (70%) 0.03

Length of stay (median, IQR)
 PICU (h) 44 (31–63) 64 (25–120) 27 (23–46) 0.08
 Hospital (h) 94 (61–133) 116 (64–211) 46 (41–62) < 0.01
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and thin and smooth in 79% of interpreted zones (211/267). 
Evaluation of ultrasound artifacts was not documented 
in 2.4% of imaged zones (7/288). A-lines were the most 
common artifact occurring in 58% of interpreted zones 
(163/281), sub-pleural consolidation was second most com-
mon occurring in 28% of lung zones (80/281), and multi-
ple B-lines third most common occurring in 14.5% of lung 
zones (41/281). Lobar consolidation was found in 5.3% of 
lung zones (15/281).

Ultrasound characteristics in pneumonia

An evaluation of sliding was not documented in 2.9% of 
imaged zones (5/174), was absent in 0.6% (1/169), and 
present in 99.4% of interpreted zones (168/169). Evalua-
tion of the pleural line was not documented in 16.7% of 
imaged zones (29/174), was thick and irregular in 23.4% 
(34/145), and thin and smooth in 76.6% of interpreted zones 
(111/145). Evaluation of ultrasound artifacts was not docu-
mented in 5.7% of imaged zones (10/174). A-lines were the 
most common artifact occurring in 39% of interpreted zones 
(64/164), sub-pleural consolidation was second most com-
mon occurring in 30.5% of lung zones (50/164), and multi-
ple B-lines third most common occurring in 23.2% of lung 
zones (38/164). Lobar consolidation was found in only 14% 
of lung zones (23/164).

Ultrasound characteristics in status asthmaticus

An evaluation of sliding was made for all imaged lung zones, 
was absent in 1.7% (1/60), and present in 98.3% of inter-
preted zones (59/60). Evaluation of the pleural line was not 
documented in 6.7% of imaged zones (4/60), was thick and 
irregular in 5.3% (3/56), and thin and smooth in 94.6% of 
interpreted zones (53/56). Evaluation of ultrasound artifacts 
was not documented in 1.7% of imaged zones (1/60). A-lines 
were the most common artifact occurring in 81.4% of inter-
preted zones (48/59), sub-pleural consolidation was second 
most common occurring in 11.9% of lung zones (7/59), and 
multiple B-lines third most common occurring in 8.5% of 
lung zones (5/59). Lobar consolidation was not seen in sub-
jects with status asthmaticus.

Overall

Diffuse A-lines were found in 17% of subjects (15/87), 
B-lines at any location in 47% (41/87), sub-pleural consoli-
dation at any location in 63% (54/87), and lobar consolida-
tion at any location in 33% of subjects (29/87) (Table 2). 
Diffuse A-lines demonstrating the pattern defined as status 
asthmaticus was demonstrated in 40% of subjects with a 
final diagnosis of status asthmaticus (4/10). Multiple B-lines 
(10%; 1/10), multiple B-lines with sub-pleural consolida-
tions (20%; 2/10), and sub-pleural consolidations (30%; 
3/10) were the other patterns identified. The pattern defin-
ing bronchiolitis consisting of either bilateral sub-pleural 
consolidation without other findings or bilateral sub-pleural 
consolidation with multiple B-lines was seen in 13% (6/48) 
and 13% (6/48) of subjects with a final diagnosis bronchioli-
tis, respectively. These patterns were also seen in 10% (3/29) 
and 7% (2/29) of subjects with pneumonia and 0% (0/10) and 
10% (1/10) with status asthmaticus, respectively.

Diffuse A-lines were identified in 19% (9/48) and lobar 
consolidation identified in 27% (13/48) of subjects with a 
final diagnosis of bronchiolitis. A unilateral or bilateral lobar 
consolidation without other abnormalities was seen in only 
10% (3/29) of subjects with a final diagnosis of pneumonia. 
Lobar consolidation with sub-pleural consolidation (21%; 
6/29), with multiple B-lines (7%; 2/29), or with sub-pleural 
consolidation and multiple B-lines (17%; 5/29), were also 
common. There were 44% (13/29) of subjects diagnosed 
with pneumonia who did not have a lobar consolidation, 
including 7% (2/29) who only had identified A-lines. A 
comparison of individual ultrasound artifacts present in 
each disease process is shown in Table 2 and a comparison 
of ultrasound artifact patterns for each diagnosis is shown 
in Table 3.

Discussion

Many studies have described POC-LUS artifact find-
ings across a range of disorders that can cause children to 
develop respiratory distress and ARF [9, 12, 13, 15–17, 19, 
22, 25–32]. These reports, however, have been limited in the 
number of children enrolled with ARF, which may affect the 

Table 2   Comparison of the 
presence of specific ultrasound 
artifacts in each subject for each 
diagnosis

a Multiple or confluent B-lines

Final diagnosis Bronchiolitis, n = 48 Pneumonia, n = 29 Status asthmati-
cus, n = 10

p-value

A-lines 9 (19%) 2 (7%) 4 (40%) 0.05
B-linesa 24 (50%) 15 (52%) 2 (20%) 0.20
Subpleural Consolidation 29 (60%) 19 (66%) 7 (70%) 0.85
Lobar Consolidation 13 (27%) 16 (55%) 0 (0%) < 0.01
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sensitivity and specificity of the POC-LUS exam [11]. It has 
been consistently described that children with more ultra-
sound abnormalities have prolonged clinical courses and 
higher resource utilization [12, 13, 16, 26, 29, 31]. Our study 
is the first to characterize diagnostic POC-LUS artifact find-
ings in children admitted to the PICU for undifferentiated 
ARF, demonstrating significant heterogeneity with a range 
of sonographic findings across the most common causes of 
pediatric ARF: bronchiolitis/viral pneumonitis, pneumonia, 
and status asthmaticus. We found diffuse A-lines in 17% 
of all subjects, B-lines at any location in 47%, sub-pleural 
consolidation at any location in 63%, and lobar consolidation 
at any location in 33% of subjects.

Reports evaluating homogenous patient populations with 
known or suspected disease processes have found a high 
discriminatory value of POC-LUS. Meta-analyses evaluating 
the ability of POC-LUS to diagnose pneumonia find both 
sensitivity and specificity > 90% [25, 32]. Meta-analyses 
have not been conducted for other pediatric disease pro-
cesses but individual studies likewise show high sensitivity 
and specificity identifying bronchiolitis [17, 19, 29, 32, 33]. 
Asthma exacerbation is the exception and to date, only a sin-
gle study has specifically evaluated children with suspected 
asthma exacerbation and found abnormalities in 45% (27/60) 
[12], these included B-lines in 38% (23/60), large consoli-
dations (≥ 1 cm) in 20% (12/60), pleural line abnormalities 
in 12% (7/60), and small consolidations (< 1 cm in size) in 
10% (6/60). The authors hypothesized their findings might 
be attributable to the high incidence of asthma exacerbations 

triggered by viral respiratory tract infections. We likewise 
demonstrated a high incidence of POC-LUS abnormalities in 
children diagnosed with status asthmaticus finding 60% with 
any POC-LUS artifact abnormality, including 30% with uni-
lateral sub-pleural consolidations and 30% with sub-pleural 
consolidations and multiple B-lines.

Few studies have evaluated children in undifferentiated 
respiratory distress or failure in which the suspected clini-
cal diagnosis is unknown to the sonographer [9, 13, 27, 
28]. Varshney et al. evaluated 94 children ≤ 2 years with 
signs of respiratory tract infection and wheezing in the 
ED and found sonographic abnormalities in 42% (39/94) 
[13]. Among those with bronchiolitis 46% demonstrated 
any abnormality (33/72), in those with asthma 0% demon-
strated abnormalities (0/14), in those with pneumonia 100% 
demonstrated abnormalities (4/4), and in those with asthma 
and concomitant pneumonia 50% demonstrated ultrasound 
abnormalities (2/4) with a trend toward a greater propor-
tion of abnormalities in those requiring hospitalization 
(67%, 4/6) compared with those discharged home (40%, 
35/88). Importantly, and similar to our study, a wide range 
of findings was documented—among those with bronchi-
olitis, B-lines were present in 36% (26/72), small consolida-
tions (< 1 cm size) in 25% (18/72), and large consolidation 
(≥ 1 cm) in 3% (2/72). Likewise, in those with pneumonia, 
B-lines were present in 100% (4/4), small consolidations in 
50% (2/4) and large consolidations in 25% (1/4). In those 
with asthma and concomitant pneumonia, B-lines, small 
consolidations and large consolidations were present in 

Table 3   Comparison of most 
frequent ultrasound artifact 
patterns for each diagnosis

SPC subpleural consolidation, LC lobar consolidation

Final diagnosis

Ultrasound pattern Bronchiolitis, n = 48 Pneumonia, n = 29 Status Asthmati-
cus, n = 10

p-value

Diffuse A-lines 9 (19%) 2 (7%) 4 (40%) 0.05
Multiple B-lines 0.86
 Unilateral B-lines 5 (10%) 2 (7%) 0 (0%)
 Bilateral B-lines 1 (2%) 0 (0%) 0 (0%)

SPC only 0.06
 Unilateral SPC 4 (8%) 0 (0%) 3 (30%)
 Bilateral SPC 6 (13%) 3 (10%) 0 (0%)

SPC + Multiple B-lines 0.75
 Unilateral SPC 4 (8%) 3 (10%) 2 (20%)
 Bilateral SPC 6 (13%) 2 (7%) 1 (10%)

LC only 0.61
 Unilateral LC 2 (4%) 2 (7%) 0 (0%)
 Bilateral LC 0 (0%) 1 (3%) 0 (0%)

LC + Any other pattern 0.01
 Unilateral LC 11 (23%) 9 (31%) 0 (0%)
 Bilateral LC 0 (0%) 4 (14%) 0 (0%)

Any other pattern 0 (0%) 1 (3%) 0 (0%) 0.45
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25% each (1/4 for each finding). Similarly, Buonsenso et al. 
evaluated 186 children with suspected acute lower respira-
tory tract infection 1 month to 17 years and found signifi-
cant artifact overlap [28]. Consolidation was found in 100% 
of subjects with bacterial infection (67/67) of which 22% 
were < 1.5 cm (15/67), 55% were 1.5–4 cm (37/67), and 22% 
were > 4 cm in size (15/67); consolidation was also found in 
85% with viral infection (65/76; 63% (41/65) < 1.5 cm, 35% 
(23/65) 1.5–4 cm, and 2% (1/65) > 4 cm) and in 88% with 
atypical infection (38/42; 50% (19/38) < 1.5 cm, 45% (17/38) 
1.5–4 cm, and 5% (2/38) > 4 cm). Multiple consolidations, 
bilateral consolidations, and air bronchograms were found 
in all disease processes. While there was a trend toward 
larger consolidations in bacterial infections and smaller 
consolidations in viral infections, the calculated positive 
predictive value (PPV) of consolidation > 1.5 cm in predict-
ing bacterial infection was 54% (52/95; 83% for consolida-
tion > 4 cm (15/18)) and the PPV of consolidation < 1.5 cm 
in size predicting viral infection was 55% (41/75). The other 
two published studies evaluating children in undifferentiated 
respiratory distress or failure did not provide the frequency 
of disease specific artifact abnormalities [9, 27].

Our results and those of others indicate the need for more 
extensive research to determine the role of POC-LUS as an 
adjunct imaging modality in the care of children with res-
piratory distress and ARF. The unique physiology of pedi-
atric patients, especially infants and young children, as well 
as an overlap of ultrasound findings, likely decreases the 
sensitivity and specificity of individual ultrasound artifacts 
in undifferentiated respiratory diseases, contrasting with 
the well-described and consistent findings in older children 
and adults [34]; it has even been shown that a majority of 
healthy infants demonstrate abnormal POC-LUS during the 
first 6 months of life [30, 35]. Atelectasis presenting as a 
POC-LUS consolidation, in particular, may be especially dif-
ficult to differentiate from pneumonia and is common in both 
asthma exacerbations and bronchiolitis [17, 25]. We found 
lobar consolidation in 33% of subjects [29/87; including 27% 
of subjects with bronchiolitis (13/38) and 55% with pneu-
monia (16/29)] and sub-pleural consolidation in 39% [34/87; 
including 42% in subjects with bronchiolitis (20/48), 28% 
with pneumonia (8/29), and 60% with status asthmaticus 
(6/10)]. The small size of pediatric airways coupled with a 
high propensity for further narrowing by secretions, edema, 
and bronchoconstriction results in a high resistance to air-
flow [2]. Pediatric airways also lack rigid cartilaginous sup-
port and collateral ventilation, making them more suscepti-
ble to dynamic compression, obstruction, and collapse [2].

Bronchiolitis is especially common in infants and young 
children and can affect proximal airways, distal parenchyma, 
or both [36]. As a result, the clinical signs, symptoms, and 
presentation are widely variable and overlap both with status 
asthmaticus and pneumonia, contributing to its clinical, and 

likely sonographic, diagnostic challenge. Similar to other 
studies, we found a small number of normal ultrasound pat-
terns (diffuse A-lines) in children with bronchiolitis [13, 15, 
16, 29, 31] and lobar consolidations [13, 16, 19, 29, 31]. 
These characteristics of pediatric physiology and pathophys-
iology may explain the modest study results of researchers 
who have used POC-LUS to evaluate children with undif-
ferentiated respiratory distress or failure [9, 11, 13, 27, 28]. 
Of these, Ozkaya et al. demonstrated the highest sensitivity 
and specificity in determining the etiology of undifferenti-
ated respiratory distress or failure but their study protocol 
also allowed the study physician clinical and historical infor-
mation if unable to arrive at a diagnosis following blinded 
POC-LUS [9]. This is in comparison to those evaluating a 
known or suspected single disease entity and supports the 
idea that the current sonographic criteria that have been well 
defined in adult POC-LUS may not extrapolate to the pedi-
atric population, and in particular, to the critically ill pediat-
ric population [11, 34]. It may turn out that pediatric POC-
LUS is best used to help clinicians differentiate underlying 
lung pathophysiology or disease severity to guide treatment 
[16, 26, 29, 37, 38], rather than to help determine a specific 
clinical diagnosis. As examples, using POC-LUS pre- and 
post-albuterol may aid in determining albuterol responsive-
ness; using POC-LUS pre- and post-ventilator adjustment to 
determine lung recruitability, and using POC-LUS to guide 
fluid administration/removal.

The major strength of our study is its blinded method-
ology, thus limiting confirmation bias of ultrasound find-
ings but necessarily decreasing direct clinical applicability. 
While POC-LUS is not highly sensitive or specific when 
interpreted alone [9, 11, 13, 27, 28], we expect that diag-
nostic accuracy will be improved when interpreted along 
with clinical knowledge and integration of the patient history 
and physical examination. However, we are not aware of a 
study that has evaluated this question. We studied the most 
common causes of pediatric ARF but were not able to cap-
ture cases of pleural effusion, pneumothorax, or pulmonary 
edema; these etiologies are rare causes of ARF that are more 
commonly seen in more complicated cases, in patients with 
underlying systemic illness, or later in the disease course 
[our median time to POC-LUS 7.1 h (IQR, 3.5–10.4 h)] [11, 
37–39]. Important limitations of this study that may have 
decreased the ability of POC-LUS to differentiate individ-
ual etiologies of ARF include: (1) examining only the most 
abnormal artifact within each zone and not incorporating 
dynamic ultrasound artifacts into our diagnostic schema, 
including not differentiating consolidations (sub-pleural or 
lobar) based on lesion size or evaluating for the presence/
absence of mobile or static air bronchograms, both of which 
may decrease sensitivity and specificity of ultrasound [30, 
37]; (2) exams were completed and interpreted by different 
providers, both without clinical knowledge of the subject, 
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which may decrease the likelihood of identifying/recog-
nizing important sonographic lesions; and (3) only a sin-
gle interpretation of ultrasound artifacts was completed by 
a POC-LUS expert physician, which makes assessment of 
inter-rater reliability impossible. We also did not include any 
cases of SARS-CoV2 as the study was completed before the 
start of the COVID-19 pandemic, so the applicability of the 
findings to current PICU practice is unclear. The next step 
in systematically evaluating use of POC-LUS in the PICU 
will be to evaluate a non-blinded study protocol to determine 
which ultrasound findings change clinical management and 
how POC-LUS findings guide therapeutic decision making. 
Determining the utility of POC-LUS in objectively evalu-
ating reversibility of bronchoconstriction, the effects of 
treatment on lung aeration, changes in ultrasound artifacts 
with therapy, and the effects of therapy on intra-alveolar 
edema could prove to be future patient-centered POC-LUS 
applications.

Conclusion

Use of diagnostic POC-LUS is common in pediatric ARF 
despite lack of robust supporting evidence and is mainly 
based on adult literature. We have found significant overlap 
in POC-LUS artifacts across common etiologies of pediat-
ric ARF, including very commonly occurring B-lines and 
sub-pleural consolidations in patients with bronchiolitis, 
pneumonia, and status asthmaticus using a blinded study 
protocol. We herein describe POC-LUS findings across 
these diagnoses to support pediatric clinicians use of POC-
LUS in patient care and to help guide future lung ultrasound 
research studies. There are also pathophysiologic considera-
tions for why pediatric and adult POC-LUS may differ and 
we therefore call for additional research, including with the 
use of non-blinded study protocols, into the use of pediatric 
POC-LUS in ARF.
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