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Abstract

Background Infectious diseases are common in pediatric patients. In these patients, ultrasound is a useful imaging modality
that involves no irradiation or sedation and can be performed repeatedly at the patient’s bedside. The purpose of this review
was to show pediatric cases with infectious disease that used ultrasound to decide the methods of treatment.

Data sources Literature review was performed using Pubmed as the medical database source. No year-of-publication restric-
tion was placed. The mesh terms used were: “ultrasound”, “sonography”, “infectious disease”, “treatment”, “antibiotics”,
“surgical intervention”, “pediatric”, “children”, “deep neck abscess”, “pyothorax”, “empyema”, “pneumonia”, “urinary tract
infection”, “intra-abdominal abscess”, “soft tissue infection”, “septic arthritis”, “osteomyelitis”, and “surgical site infection”.
Results We presented pediatric case series with infectious diseases, including deep neck abscess, pyothorax and empyema,
pneumonia, urinary tract infection, intra-abdominal abscess, soft tissue infection, septic arthritis and osteomyelitis, and
surgical-site infection. Ultrasound was useful for evaluating the extent and location of inflammation and abscess and for
decision-making concerning surgical intervention.

Conclusion Knowledge of these sonographic findings is important for sonographers during examinations and for physicians

when determining the treatment plan and period of antibiotic therapy for infected lesions.
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Introduction

Infectious diseases are common in pediatric patients [1-5].
Medical history, physical examination, and laboratory stud-
ies are always needed to diagnose infectious diseases [2,
6, 7]. In addition, imaging examinations, such as radiogra-
phy, ultrasound, computed tomography (CT), and magnetic
resonance imaging (MRI), are useful for the diagnosis and
evaluation of infectious diseases.

In pediatric patients, unlike other imaging modalities,
ultrasound is a useful modality because it involves no irra-
diation or sedation and can be performed repeatedly at
the patient’s bedside [6, 8]. In addition, pediatric patients
sometimes present with nonspecific clinical signs; therefore,
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ultrasound is useful to evaluate directly various locations
suspected of being affected by an infectious disease [9].

To our knowledge, there are only a few reports focus on
ultrasound to determine the treatment plan for pediatric
infectious diseases [10]. The purposes of this review were
to provide basic knowledge of pediatric infectious diseases
occurring in various locations and to describe the sono-
graphic imaging findings for decision-making regarding
treatment and period of antibiotic therapy.

Case series and data sources of the literature
review

Case series

We presented pediatric case series with infectious diseases,
including deep neck abscess, pyothorax and empyema, pneu-
monia, urinary tract infection, intra-abdominal abscess, soft
tissue infection, septic arthritis and osteomyelitis, and sur-
gical-site infection.


http://orcid.org/0000-0001-9523-4077
http://crossmark.crossref.org/dialog/?doi=10.1007/s12519-022-00606-5&domain=pdf

World Journal of Pediatrics (2023) 19:20-34

21

Ultrasound

Recently, portable ultrasound machines of varying sizes,
as opposed to traditional full-platform machines, are
used at the patient’s bedside. This system is known as the
point-of-care ultrasound and has been widely embraced
in various situations, such as emergency medicine. How-
ever, in this case series, the sonographic examination was
performed by one of four pediatric radiologists (with 25,
20, 15, and 12 years of clinical experience, respectively,
in pediatric ultrasonography) using a 5-15 MHz convex
or linear transducer (LOGIQ 7, E9, S8, and E10; GE
Healthcare, Waukesha, WI) with traditional full-platform
machines. If pediatric patients were located in the emer-
gency room or intensive care unit, traditional full-platform
machines were used at the patient’s bedside.

Data sources

Literature review was performed using Pubmed as the
medical database source. No year-of-publication restric-
tion was placed. The mesh terms used were: “ultrasound”,
“sonography”, “infectious disease”, “treatment”, “antibi-
otics”, “surgical intervention”, “pediatric”, “children”,
“deep neck abscess”, “pyothorax”, “empyema”, “pneumo-

L TIT3 9

nia”, “urinary tract infection”, “intra-abdominal abscess”,
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“soft tissue infection”, “septic arthritis”, “osteomyelitis”,
and “surgical site infection”.

Deep neck infection
Background

Deep neck infection occurs in the potential cavity or
spaces between the layers of the deep cervical fascia
and may result in life-threatening complications, such
as compression of the airway, mediastinitis, thrombo-
sis of the internal jugular vein, or septic shock [11, 12].
This infection includes peri-tonsillar (Fig. 1a, b), para-
pharyngeal, and retropharyngeal (Fig. 1c—e) abscess, and
infection of these locations may extend to prevertebral,
submandibular, or danger space abscess [11, 12]. These
abscesses are caused by an upper aero-digestive tract
infection, odontogenic infection, or direct invasion from
adjacent tissue infections [11-13]. The retropharyngeal
space is divided into the right and left sides, and a lymph
node communicates with the nasopharynx area in this
space. This communication disappears by puberty; there-
fore, retropharyngeal abscesses tend to occur in young
children [14].

Method of ultrasound

Among cervical infectious diseases, tonsillitis and peri-ton-
sillar abscesses, which are common in pediatric patients,
can be detected by ultrasound imaging [15, 16]. Cervical
ultrasound is usually performed in pediatric patients in the
supine position. A neck axial sonogram is obtained from the
patient’s mandible to the thoracic inlet. The thyroid, salivary
glands, and trachea are also evaluated [17, 18]. The tonsil
is evaluated using the submandibular approach. Probes held
underneath the mandible and tonsil are visualized via the
submandibular gland [16, 19].

Discussion of the interpretation of the sonographic findings
of deep neck abscess

Surgical intervention and approach route are decided based
on the clinical symptoms and the location, size, and cause of
the abscess. However, when there is a symptom-associated
airway compression, urgent intervention is needed [12, 20]. In
deep neck abscesses, information regarding the abscess size is
useful to recommend surgical intervention, and its location is
necessary to decide the surgical approach route. The longest
diameter of approximately 2 cm was reported to be valuable
in recommending surgical intervention [12, 20, 21].

Pyothorax/empyema
Background

Pyothorax and empyema are divided into the following
three stages: simple exudative stage, when there is clear
fluid accumulation with a low white cell count within the
pleural cavity (simple/uncomplicated parapneumonic effu-
sion); fibrinopurulent stage (Fig. 2a, b), when septation and
loculations occur, with an increase in white cells within the
pleural cavity resulting in pus (complicated parapneumonic
effusion), which eventually becomes overt pus (empyema);
and the final organizing stage (Fig. 2c, d), when there are
thick and non-elastic intra-pleural membranes (the peel)
within the pleural cavity, which may prevent lung re-expan-
sion (trapped lung) [3, 22, 23]. The stages of pyothorax
and empyema are correlated with the span of inflammation
within the thorax [23, 24]. Surgical intervention, such as
drainage, and treatment period may be decided based on
these stages [24].

Method of ultrasound
Visualization of the lung and pleural cavity between

bones, such as the ribs or clavicle, known as the intercos-
tal view, and the approach around the sternum, such as
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Fig.1 a, b Imaging findings of a five-year-old male patient with
peri-tonsillar abscess. Snoring was evident two days before. His tem-
perature was 39.8 °C and oxygen saturation (SpO,) was 97% (room
air). Blood test results revealed a white blood cell count of 20,200/
mm?® and C-reactive protein of 9.26 mg/dL. Ultrasound and com-
puted tomography (CT) revealed an abscess around the tonsil. CT
revealed compression of the trachea to the right side. The transverse
diameter of the abscess was 5 cm, which exceeds 2 cm; thus, surgi-
cal intervention for drainage was performed based on the size of the
abscess. Bacteriological examination revealed Streptococcus pyo-
genes in the pus. Intravenous antibiotics therapy was performed for
four weeks and subsequently switched to oral antibiotic therapy. The
treatment was considered successful. a Oblique color Doppler sono-
gram showing a peri-tonsillar abscess (arrows). Low-echoic fluid
collection surrounds the rippling wall; hence, abscess formation was
diagnosed. b Axial contrast-enhanced CT showing the compression
of the trachea to the right side (arrowhead). The transverse diameter
of the abscess was 5 cm (arrows). Surgical intervention for drainage

the parasternal, trans-sternal, and sub-xiphoid views, are
useful for evaluating pyothorax and empyema [25, 26].
The posterior para-spinal approach also may be useful.
Change in the patient’s position may be required for accu-
rate evaluation of pleural effusion.
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was performed based on the size of the abscess. c—e Imaging find-
ings of a three-year-old male patient with retropharyngeal abscess.
He had cervical pain one week before. His temperature was 38.9 °C,
and oxygen saturation (SpO,) was 99% (room air). Blood test results
revealed a white blood cell count of 20,300/mm?> and C-reactive pro-
tein of 10.9 mg/dL. Ultrasound revealed fluid collection behind the
thyroid; however, the inferior side was not clearly evaluated, and CT
was recommended. CT revealed that the lesion was limited to the ret-
ropharyngeal space. Abscess drainage was performed for the identifi-
cation of the bacteria and to prevent the progression of mediastinitis.
Streptococcus pyogenes was detected in the pus. Intravenous antibi-
otic therapy was performed for two weeks and subsequently switched
to oral antibiotic therapy. The treatment was considered successful.
¢ Transverse sonogram showing fluid collection behind the thyroid,
which was diagnosed as a retropharyngeal abscess (arrows). d Axial
contrast-enhanced CT showing the retropharyngeal space (arrow). e
Sagittal contrast-enhanced CT showing the retropharyngeal space
(arrow). This lesion did not extend to the mediastinum

Discussion of the interpretation of the sonographic findings
of pyothorax/empyema

Ultrasound can evaluate pleural effusion, and the findings
are classified based on the above-mentioned three stages
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Fig.2 a, b Imaging findings of an eight-year-old male patient with
pyothorax/empyema with fibrinopurulent pleural effusion. He had
a cough and high fever one month before. He also had swelling and
a reddish rash on the right side of his chest. His temperature was
38.0 °C, and oxygen saturation (SpO,) was 94% (room air). Blood
test results revealed a white blood cell count of 18,600/mm> and
C-reactive protein of 13.4 mg/dL. Coronal reconstructed contrast-
enhanced computed tomography (CT) revealed a massive pleural
effusion in the right thorax. Ultrasound revealed a huge complex
pleural effusion with multiple septation, and pyothorax/empyema
with fibrinopurulent pleural effusion was diagnosed. Surgical drain-
age was performed. Streptococcus intermedius was detected, and
intravenous antibiotics therapy was administered for two months. The
treatment was considered successful. a Transverse sonogram showing
a huge complex pleural effusion with multiple septations (arrows).
b Coronal reconstructed contrast-enhanced CT showing a massive
pleural effusion (arrows) and atelectasis (arrowhead). The internal
septa within the pleural effusion could not be visualized. ¢, d Imaging

[23, 27]. Free-flowing effusion corresponds to simple
exudative pleural effusion, septations or loculations cor-
respond to fibrinopurulent pleural effusion, and visceral
pleural thickening with trapped lung corresponds to organ-
izing pleural effusion [23]. Real-time lung ultrasound may
evaluate lung motion and may determine the presence or
absence of trapped lungs [27].

findings of a 11-year-old male patient with pyothorax/empyema with
organizing pleural effusion. He had a high fever 20 days before, and
pleural effusion was detected on the chest radiograph. A chest drain
tube was introduced; however, efficient aspiration could not be per-
formed. Sagittal reconstructed contrast-enhanced CT revealed pleural
effusion and atelectasis. Sagittal sonogram revealed pleural effusion
with echogenic components, multiple small septations, and thick-
ened pleura. Pyothorax/empyema with organizing pleural effusion
was diagnosed. Based on the sonographic findings, space for aspira-
tion of the collected fluid by the drainage tube was absent. Therefore,
the drainage tube was removed, and antibiotic therapy was contin-
ued; further surgical intervention was not performed. Finally, pleu-
ral effusion decreased. ¢ Sagittal sonogram showing pleural effusion
with echogenic components and multiple small septations (arrow). A
thickened pleura and atelectasis without air infiltration are also seen
(arrowheads). Fluid collection for aspiration by the drainage tube was
absent. d Sagittal reconstructed contrast-enhanced CT showing pleu-
ral effusion (arrows) and atelectasis (arrowheads)

Pneumonia
Background
Pneumonia is one of the causes of death and long hospitali-

zation in pediatric patients. Physical evaluation, laboratory
data, and chest radiography are used to diagnose pneumonia.
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Fig.3 a, b Imaging findings of a 11-month-old female patient with
pneumonia. She had a high fever 14 days before, and consolidation
was detected on the chest radiograph. Her temperature was 40.0 °C,
and oxygen saturation (SpO,) was 90% (room air). Blood test results
revealed a white blood cell count of 22,400/mm> and C-reactive pro-
tein of 40.0 mg/dL. Ultrasound and coronal reconstructed contrast-
enhanced computed tomography (CT) revealed consolidation in the
right upper lobe. Pneumonia was diagnosed. Antibiotic therapy was
continued for three weeks and the treatment was considered suc-
cessful. a An ultrasound image from the right anterior upper lung
zone shows air bronchograms represented by punctate hyperechoic
specks within the lesion (arrow). b Coronal reconstructed CT shows
a focal dense opacification in the right upper lobe (arrow). There are
additional areas of consolidation in the right and left lower lobes.

Recently, ultrasound has been used to diagnose pneumonia
and to monitor the response to treatment (Fig. 3a, b) [28,
29]. Treatment plan varies according to the pathogen that
caused pneumonia, the type of pneumonia (such as com-
munity acquired pneumonia or aspiration pneumonia in hos-
pitalized children), patient’s age, underlying diseases, and
presence or absence of lung abscesses (Fig. 3c, d) [30-35].
Effectiveness of antibiotic treatment can be evaluated based
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¢, d Imaging findings of a four-year-old female patient with a lung
abscess. She had a second incidence of pneumonia. She had a high
fever before one month. Her temperature was 38.8 °C, and oxygen
saturation (SpO,) was 92% (room air). Blood test results revealed
a white blood cell count of 24,410/mm> and C-reactive protein of
3.14 mg/dL. Ultrasound and constructed contrast-enhanced CT
revealed a huge lung abscess. Antibiotic therapy was continued for
three weeks; further surgical resection was performed for the residual
lung cystic area. ¢ Lung ultrasound of the right lower lobe showing
a well-circumscribed, hypoechoic lung abscess (arrow) within the
consolidated lung (arrowhead). The longest diameter was 5 cm. d
Contrast enhanced CT shows a large cavitary lesion in the right lower
lobe (arrow). Consolidation is detected in anterior lesion (arrowhead).
The lesion size was 6 X5 cm

on the clinical findings and image findings. Lung ultrasound
was reported to be useful to monitor treatment effect and to
evaluate the size of consolidation and abscess [28, 36, 37].
Surgical procedures for drainage or pulmonary resection
may be required in cases that do not respond adequately to
antibiotic treatment [37, 38]. In addition, lung ultrasound
was reported to be useful to diagnose and predict the sever-
ity of acute bronchiolitis [39—41].
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Fig.4 a—c Imaging findings of a four-month-old male patient with
acute focal bacterial nephritis (AFBN). He had a third urinary tract
infection. His temperature was 38.0 °C. Blood test results revealed
a white blood cell count of 27,500/mm?> and C-reactive protein of
9.7 mg/dL. Ultrasound demonstrated a focal area of loss of cortico-
medullary differentiation and hyper-echogenicity with decreased
enhancement compared with other areas on the coronal reconstructed
computed tomography (CT). AFBN was diagnosed. An adequate treat-
ment period of three weeks, and not two weeks as for acute pyelone-
phritis, was conducted for AFBN. a Oblique sonogram demonstrating
a focal area of loss of cortico-medullary differentiation and hyper-
echogenicity (arrow). b Oblique color Doppler sonogram showing
diminished flow in the area of cortico-medullary differentiation and
hyper-echogenicity (arrow). ¢ Coronal reconstructed CT showing right
renal enlargement. The upper pole of the right kidney shows decreased

Methods of ultrasound

To evaluate the lung, a structured systematic approach was
recommended first [28, 29]. However, a focused approach
was also useful for evaluating regions that were already
detected by other modalities, such as chest radiograph
or computed tomography. A previous study reported a

enhancement compared with other areas (arrow). AFBN was diag-
nosed. d, e Imaging findings of a 10-year-old male patient with renal
abscess. He had back pain three days before and a high fever. His tem-
perature was 39.5 °C. Blood test results revealed a white blood cell
count of 7800/mm> and C-reactive protein of 21.4 mg/dL. Blood and
urine cultures were positive for Escherichia coli. Ultrasound and CT
revealed a hypoechoic or a low-attenuation mass in the right kidney.
The patient was diagnosed with a renal abscess. The longest diame-
ter did not exceed 3 cm; therefore, antibiotic therapy without surgical
intervention was performed. The treatment was considered successful.
d Axial sonogram showing a hypoechoic mass with loss of cortico-
medullary differentiation and a hypoechoic area in the right kidney
(arrow). e Coronal reconstructed CT showing a low-attenuation mass
in the right kidney (arrow). The patient was diagnosed with a renal
abscess. The longest diameter was not greater than 3 cm

systematic approach in which the lung was divided into
anterior, lateral and posterior zones, and then subdivided
into upper and lower halves using parasternal, mid-cla-
vicular, anterior axillary, mid-axillary, posterior axil-
lary, mid-scapular, and paravertebral approach [42]. As
a limitation of lung ultrasound, the region located deep
from the pleura accompanying with located air-filled lung
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Fig.5 Imaging findings of a five-year-old male patient with intra-
abdominal abscess caused by appendicitis. a Transverse sonogram
showing the dilated appendix and hyper-echogenicity around the
appendix. b Abscess formation is revealed by hyper-echogenicity.
¢ Low attenuation with a thickened wall is seen. Air bubbles were
detected within the abscess. The patient was diagnosed with appendi-
citis with abscess formation

parenchyma between the pleura and the region was not
visualized.

Discussion of the interpretation of the sonographic finding
of pneumonia

Although an air-filled lung parenchyma could be directly
visualized using ultrasound, the following two charac-
teristic artifactual lines have been mentioned: A-lines
hyperechoic lines running parallel to the pleural line as
reverberation artifacts of the pleural line, and B-lines
as comet-tail artifacts: hyperechoic lines arising from
the pleura toward to the hilar area. The following sono-
graphic findings of pneumonia as consolidation due to
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fluid collection within alveolar area have been reported:
the absence of A-lines within the area; increased B-lines
surrounding the area of consolidation and arising from
the deep edge of the consolidation, and presence of sono-
graphic air bronchograms [28, 29, 35, 42]. Lung abscess
may be detected as a low echoic area within the con-
solidation [36]. Severity of bronchiolitis corresponds to
the degree of coalescence of B-lines on lung ultrasound.
Compared to the cases with non-coalescence of B-lines,
the cases with coalescence of B-lines or sub-pulmonary
consolidation needed more intensive treatment [39—41,
43-46]. Lung ultrasound was also reportedly useful in
monitoring the treatment effect for evaluating the size of
the consolidation and the abscess [28, 36, 37]. Surgical
procedures for drainage or pulmonary resection may be
required in cases that do not respond adequately to antibi-
otic treatment [37, 38]. In addition, in cases of COVID-19
lung ultrasound was useful to demonstrate lung interstitial
changes, consolidation, and pleural effusion [45, 47, 48].

Urinary tract infection
Background

Pediatric urinary tract infections are a common problem,
and febrile urinary tract infection usually manifests as
acute pyelonephritis (APN), acute focal bacterial nephritis
(AFBN), which is also known as acute lobar nephronia, or
renal abscess [49, 50]. The differentiation of APN, AFBN
(Fig. 4a—c), and renal abscess (Fig. 4d, e) during the acute
phase is important because the recommended treatment
durations and necessity of surgical intervention differ in
these conditions [51]. A three-week course of intravenous
and oral antibiotic therapy, rather than a two-week course, is
recommended for pediatric patients with AFBN [51]. Cases
of large abscesses, such as those larger than 3 cm, might
require surgical intervention [52, 53].

Methods of ultrasound

The kidney is usually visualized in the supine position or
left or right lateral decubitus position. The prone position is
also useful for evaluating the kidneys. The urethra is visual-
ized using a water-filled bladder as an acoustic window. The
perineal approach is also useful for evaluating the urethra
[54, 55].
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Fig.6 a, b Imaging findings of a five-month-old female patient with
severe cellulitis. She had a left leg swelling two days before. Her tem-
perature was 38.0 °C. Blood test results revealed a white blood cell
count of 27,600/mm* and C-reactive protein of 12.9 mg/dL. Ultra-
sound revealed fluid collection in the superficial fascia. Thickness of
the fluid collection was greater than 2 mm; thus, necrotizing fasciitis
was suspected. Therefore, magnetic resonance imaging (MRI) was
recommended to evaluate the deep fascia. MRI revealed fluid on the
superficial fascia but not around the deep fascia. Surgical decompres-
sion was performed for compartment syndrome. Inflammation did
not extend to the fascia, and severe cellulitis was diagnosed. Blood
culture revealed Staphylococcus haemolyticus. Therefore, intrave-
nous antibiotic therapy was administered for two weeks resulting in
successful treatment. a Fluid collection was visualized on the super-
ficial fascia (arrows). High echogenicity within the subcutaneous tis-
sue was observed (arrowheads). b Fat suppression T2-weighted axial
MRI showing fluid on the superficial fascia and not around the deep
fascia (arrows). Surgical intervention was performed, and severe cel-
lulitis was diagnosed. ¢ Ultrasound image of a 14-year-old female
patient with cellulitis and abscess formation. She had experienced

leg swelling 10 days before. Her blood test results revealed a white
blood cell count of 13,700/mm> and C-reactive protein of 2.2 mg/
dL. Cellulitis and abscess formation were diagnosed by ultrasound,
and surgical drainage was performed. Intravenous antibiotic therapy
was administered for two weeks, and the treatment was considered
successful. High echogenicity within the subcutaneous tissue was
observed (arrowheads). Abscess formation was evident, and the
diameter was 2X7 cm (arrows). Surgical drainage was performed. d
Ultrasound image of a 12-year-old male patient with necrotizing fas-
ciitis. He had a high fever and a swelling around the abdomen fol-
lowing bone marrow transplantation. He had septic shock, and the
blood culture revealed Pseudomonas aeruginosa. Ultrasound showed
fluid collection, with a thickness greater than 2 mm, around the rectus
abdominis; therefore, necrotizing fasciitis was suspected. To decom-
press and achieve debridement, surgical intervention was performed,
and necrotizing fasciitis was diagnosed. Fluid collection was detected
around the rectus abdominis (arrows). High-echoic edema was also
detected around the effusion (arrowheads). Thickness of the fluid col-
lection was greater than 2 mm, therefore, necrotizing fasciitis was
suspected
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Discussion of the interpretation of the sonographic findings
of urinary tract infection

In recent studies on treatment plan decisions, although
AFBN diagnoses were based on imaging findings obtained
using CT, ultrasound could detect AFBN [51, 56]. AFBN
was reported to be the midpoint in the spectrum between
APN and renal abscesses [49, 57]. Therefore, APN was
diagnosed based on the presence of diffuse nephromegaly,
while AFBN was diagnosed based on the presence of focal
loss of cortico-medullary differentiation, and renal abscess
was diagnosed as a low echoic area in the kidney by ultra-
sound [52, 56, 58, 59]. Focal hyper-echogenicity and swell-
ing, with loss of cortico-medullary differentiation, may
present as an acute phase of urinary tract infection. Focal
atrophy may present as a chronic phase [56]. In cases of
repeated urinary tract infection, congenital anomalies should
be evaluated [5].

Intra-abdominal abscess
Background

Intra-abdominal abscesses are caused by various inflam-
matory diseases, including inflammatory bowel disease,
appendicitis (Fig. 5a—c), and digestive tract perforation
[60]. Management of intra-abdominal abscess, includ-
ing surgical intervention, differs based on the etiology of
the abscess [61-63]. Information regarding the presence
or absence of the abscess and its location is important to
decide the access route for the abscess and its management
[60-62, 64].

Method of ultrasound

Ultrasound can evaluate the presence of an abscess and also
determine its location, size, and access route [4, 65]. In addi-
tion, ultrasound can detect the cause of the abscess [4, 66].

Discussion of the interpretation of the sonographic findings
of intra-abdominal abscess

Retroperitoneal or intramuscular abscesses can also be
detected by ultrasound. However, in some cases, the ultra-
sound cannot sufficiently examine the abscess owing to a blind
area behind the dilated intestine. In case of abdominal pain or
distention, pediatric patients cannot stay in the same position
for a long time. Hence, in some cases, a sufficient examination
cannot be performed. In such cases, although sedation may
be required, CT or MRI examination is recommended [67].
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Soft tissue infection
Background

Soft tissue infection includes cellulitis, which involves the sub-
cutaneous tissue only (Fig. 6a, b), and fasciitis, which involves
the fascia [68]. Cellulitis is usually treated with antibiotics alone
[68]. In cases of cellulitis with an abscess (Fig. 6¢), incision and
drainage may be needed [69, 70]. Necrotizing fasciitis (NF) is a
severe form of fasciitis that requires urgent surgical intervention
(Fig. 6d) [71]. Fascias are classified by anatomists into three
locations: (1) fascia superficialis or cutaneous fascia, (2) super-
ficial aponeurosis or deep fascia, and (3) intermuscular septa
[72,73]. In the current literature by radiologists, surgeons, and
pediatric physicians, location (1) corresponds to the hypoder-
mis, location (2) corresponds to superficial fascia, and location
(3) corresponds to deep fascia [72].

Method of ultrasound

In patients with soft tissue infection, the area of interest
is carefully evaluated [70]. Pediatric patients sometimes
present with nonspecific clinical signs, and their parents
may not reveal adequate medical history owing to abuse.

Discussion of the interpretation of the sonographic findings
of soft tissue infection

Fluid accumulation in the superficial fascia or deep fascia
can present as NF [68, 74, 75]. Fluid accumulation greater
than 2 mm is a useful tool for diagnosing NF [74]. In cases
where ultrasound evaluation is challenging, MRI could
provide useful information for diagnosing NF [68, 75].

Septic arthritis and osteomyelitis
Background

Septic arthritis, also known as pyogenic arthritis, sometimes
coexist with osteomyelitis (Fig. 7a—d) [76]. The metaphyseal
spongiosa has a capillary loop of blood vessels, and this loca-
tion is prone to initial bacterial infection due to stagnation of
the bloodstream [77, 78]. In children under 18 months of age,
vessel communication exists between the metaphysis, physis,
and epiphysis [78, 79]. Therefore, bacteria can lodge at the
metaphyseal focus and can spread into the joint through the
epiphysis [78]. Another route of spread involves the bacte-
ria lodging at the metaphyseal focus and spreading into the
sub-periosteal bone through the vascularized cambium [80].
The fibrous layer of the periosteum is separated from the
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underlying parent bone by an abscess [78]. Sub-periosteal
abscess is one of the accompanying complications of acute
osteomyelitis, and percutaneous drainage may be recom-
mended (Fig. 7e, f) [8, 81]. In addition, the synovium may be
infected directly through bloodstream infection [82]. Surgical
treatment for septic arthritis involves urgent decompression
of the joint via open arthrotomy, irrigation, and debridement
[2]. Furthermore, acute osteomyelitis requires an adequate
period of antibiotics, and sequestrectomy is recommended if
a sequestrum is present [83, 84].

Methods of ultrasound

Pediatric patients should be appropriately positioned to
evaluate the area of suspected infectious disease [85].
For evaluation of the bone cortex, a longitudinal view
parallel to the bone cortex is warranted to detect its
destruction. During the evaluation of joint effusion, in
addition to observation from the frontal view, observa-
tion from multiple directions, such as the lateral view,
is warranted.
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«Fig.7 a—d Imaging findings of a one-month-old female patient with sep-
tic arthritis and discitis. She was admitted to our hospital for septic shock.
Her blood pressure was 60/80 mmHg, pulse rate 210 bpm, temperature
39.9 °C, and oxygen saturation (SpO,) was 100% with 1 L/minute oxy-
gen via nasal cannula. Blood test results revealed a white blood cell
count of 1400/mm? and C-reactive protein of 13.4 mg/dL. Blood culture
revealed methicillin-susceptible Staphylococcus aureus. Ultrasound of
the right hip and shoulder revealed echogenic fluid collection. Proximal
bone cortex of the humerus revealed destruction. Coronal whole-body
magnetic resonance imaging (MRI) revealed discitis with abscess forma-
tion. Intravenous antibiotic treatment was administered for two months
and subsequently switched to oral antibiotic treatment. a Axial sonogram
of the right hip showing fluid distending the hip joint capsule (arrow). b
Axial sonogram of the right shoulder showing echogenic fluid collec-
tion (arrow). The proximal bone cortex of the humerus shows destruc-
tion (arrowhead). ¢ Coronal whole-body MRI showing discitis between
thoracic vertebrae 9 and 10 (arrow). Abscess formation was also detected
adjacent to the discitis. d Sonogram in the para-spinal approach showing
low echoic fluid collection (arrow). Abscess formation resulting from dis-
citis was diagnosed. e, f Imaging findings of a 11-month-old male patient
with sub-periosteal abscess. He had a swelling in the right arm and high
fever one day before. Blood test results revealed a white blood cell count
of 17,500/mm?> and C-reactive protein of 17.8 mg/dL. Ultrasound revealed
fluid collection around the right humerus. MRI revealed humeral osteo-
myelitis and sub-periosteal abscess. Methicillin-resistant Staphylococcus
aureus was detected in the blood culture. Surgical incision, drainage, and
sequential intravenous antibiotic treatment were performed for 6 weeks.
Treatment was considered successful. e Ultrasound showing fluid collec-
tion around the right humerus (arrow). Diffuse thickening and increased
echogenicity of the subcutaneous tissue are evident (arrowhead). f
Enhanced fat-suppression T2-weighted MRI showing humeral osteomy-
elitis and sub-periosteal abscess (arrow)

Discussion of the interpretation of the sonographic findings
of arthritis and osteomyelitis

Joint effusion can easily be revealed by ultrasound [8, 86]. If
needed, another joint can be evaluated because multiple joints
may be affected [2]. In addition, other locations, such as the
spinal disks (discitis), may be the focus of infection [87, 88].
Sub-periosteal effusion is also detected easily by ultrasound
in the affected bone [8, 81, 89]. Extension into the superficial
soft tissue via the fibrous layer of the periosteum has also
been detected in previous studies [8]. Disruption/erosion of
the bone cortex may be difficult to evaluate using ultrasound
[89]. In general, MRI is a better imaging modality than ultra-
sound for evaluating bone marrow edema or infarction [7].

Surgical-site infection
Background

Surgical-site infection (SSI) is divided into three groups:
superficial incisional infection (SII; Fig. 8a) which includes

@ Springer

only the skin or subcutaneous tissue; deep incisional infec-
tion (DII; Fig. 8b, ¢) which includes the deep soft tissue; and
organ or body space infection (organ/space SSI; Fig. 8d, e)
[90, 91]. Organ/space SSIs are reportedly associated with
a higher mortality rate than SII and DII [92]. In SSIs after
cardiovascular surgery, treatment periods and methods were
changed based on previous SSI groups and the presence of
sternal osteomyelitis [93-95]. In cases of organ/space SSIs,
such as mediastinitis, surgical intervention is usually needed
[96].

Methods of ultrasound

Scanning the area of interest after surgery would likely involve
the removal of the surgical dressings. Coordination with nurses
may aid in facilitating these scans and in acquiring high-qual-
ity images.

Discussion of the interpretation of the sonographic findings
of for SSI

In ultrasound to evaluate the SSI, classification based on the
extent of inflammation is important. In cases of SSI after car-
diovascular surgery, SII or DII were detected with a higher
occurrence of increased parasternal fat echogenicity, and
organ/space SSI was detected as retrosternal mediastinal fluid
collection [97, 98]. None of the patients without mediastinal
fluid collection or increased fat echogenicity was diagnosed
with organ/space SSIs [98]. Mediastinal fluid collection is an
important finding in the diagnosis of organ/space SSIs on CT
[99, 100]. Regarding osteomyelitis occurring at the sternum,
fluid effusion between reconstructed sternal bones may be
detected as osteomyelitis [97]. After cardiovascular surgery,
to differentiate SSI from postsurgical changes, such as hema-
toma, information regarding the interval between the day of
examination and surgery is useful [97]. Organ/space SSI after
cardiovascular surgery usually occurs two weeks after surgery,
and hematoma usually occurs within one week after surgery
[98-101].

Conclusions

Ultrasound determines the extent and location of inflamma-
tion, which is important in formulating a treatment plan. The
period of antibiotic treatment and need for surgical interven-
tion are usually determined based on the physical assessment
and image findings. An ultrasound could provide additional
information for decision-making for the treatment of infectious
diseases in pediatric patients.
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Fig.8 a Imaging findings of a seven-year-old female patient with
surgical-site infection classified as superficial incisional infection
(SII). She had undergone abdominal surgery for intra-abdominal
rupture of a pseudo-pancreatic cyst. She had a high fever 14 days
postoperatively and a swelling at the incision site. Blood test results
revealed a white blood cell count of 8560/mm?® and C-reactive pro-
tein of 0.52 mg/dL. Ultrasound revealed fluid collection. SII with
abscess formation was surgically diagnosed. Staphylococcus epi-
dermis was detected in the pus. Ultrasound was performed 14 days
postoperatively. Hyper-echogenicity was visualized in the region of
the subcutaneous fat (arrowheads), and fluid collection (arrows) was
visualized in the subcutaneous tissue. SII with abscess formation was
surgically diagnosed. b, ¢ Imaging findings of a five-year-old female
patient with surgical-site infection classified as deep incisional infec-
tion (DII). She had a high fever 11 days postoperatively. Her tempera-
ture was 38.0 °C. Blood test results revealed a white blood cell count
of 7100/mm? and C-reactive protein of 0.23 mg/dL. Ultrasound and
computed tomography (CT) revealed inflammation in the region of
the subcutaneous fat and around the sternum with osteolytic change.
DII with osteomyelitis with sequestrum at the sternum was surgically
diagnosed. Debridement was performed, and Pseudomonas aerugi-
nosa was detected. b Ultrasound was performed 11 days postopera-
tively. Hyperechogenicity was visualized in the region of subcuta-
neous fat and around the sternum (arrow). Fluid collection (arrows)
with hyperechoic foci (arrowheads) was visualized between the
reconstructed sternal bodies. ¢ Axial contrast-enhanced CT showing
low attenuation around the sternum. Osteolytic change (arrow) was
detected in the reconstructed sternum; hence, osteomyelitis was sus-
pected. DII with osteomyelitis sequestrum at the sternum was sur-
gically diagnosed. d, e Imaging findings of a four-month-old male
patient with surgical-site infection classified as organ/space surgical-
site infection. A four-month-old male patient had a high fever 10 days
postoperatively. Blood test results revealed a white blood cell count
of 11,160/mm® and C-reactive protein of 15.7 mg/dL. Ultrasound
and CT revealed anterior mediastinal fluid collection and infection

« extending into the organ/space, which was proven surgically. Pseu-

domonas aeruginosa was detected, and intravenous antibiotics ther-
apy was administered for nine weeks. The treatment was considered
successful. d Ultrasound was performed 10 days postoperatively.
Anterior mediastinal fluid was detected (arrow), and hyper-echo-
genicity was visualized in the region of the subcutaneous fat (arrow-
heads). e Sagittal reconstructed contrast-enhanced CT showing fluid
at the retrosternal space with air bubbles (arrow). Infection extending
into the organ/space was proven surgically
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