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Point-of-Care Ultrasound in Pediatric Clinical Care

David J. McLario, DO, MS; Adam B. Sivitz, MD

IMPORTANCE Point-of-care (POC) ultrasound has been used by a variety of nonradiologist
physicians. Recently, POC ultrasound use by pediatricians has received increased attention

with the practice of both established and novel applications.

OBJECTIVES To review various uses of ultrasound by pediatricians, discuss challenges and
potential pitfalls as pediatric physicians seek to use ultrasound in their practices, and consider

various areas of research needs and opportunities.

EVIDENCE REVIEW Available English-language publications from 1970 through December 31,

2014.

FINDINGS Limited research supports the notion that many POC ultrasound applications
practiced by nonradiologist pediatricians can assist in clinical decision making and procedural

success. Future challenges include the need for institutions to train and credential large
numbers of health care professionals in the use of pediatric POC ultrasound, as well as the
necessity of diverse research efforts, including the establishment of pediatric-specific norms,
consideration of optimal educational strategies, and inquiry intended to identify best

practices for clinical effectiveness and efficiency.

CONCLUSIONS AND RELEVANCE Although considerable effort needs to be devoted to the
continued development of pediatric POC ultrasound, there is potential for useful application

in a variety of clinical and educational settings.
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Published online April 20, 2015.

oint-of-care (POC) ultrasound may be defined as medical

sonography performed and interpreted at the patient’s bed-

side for the purpose of informing diagnostic and/or resus-
citation decisions and facilitating the safe and expeditious perfor-
mance of procedures. Diagnostic POC studies often address yes or
no questions and therefore may be distinguished from the more com-
prehensive evaluations conducted by radiologists.

Just as the stethoscope revolutionized medicine nearly 200
years ago, advances in ultrasound now provide another opportu-
nity for fundamental improvement of conventional medical practice.?
Miniaturized and portable ultrasound systems now bring ultra-
sound to the patient and provide the opportunity forimmediate as-
sessment in previously inaccessible environments.

Ultrasound is ideal for children whose smaller size and acces-
sible internal organs facilitate sound-wave penetration and image
resolution. Moreover, theincreased life span for potential radiation-
induced malignant neoplasms has prompted wide-ranging advo-
cacy for ultrasound as a preferred initial imaging modality for chil-
dren, including those evaluated at the point of care.®

The advent of POC ultrasound has also generated considerable
controversy.* Some believe this user-dependent technology is beyond
the scope of busy physicians. Conversely, many health care profession-
als believe they are able to achieve competency in practiced applica-
tions without the breadth of responsibility assumed by radiologists.>
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Pertinentinformation was obtained from available English-language
publications from 1970 through December 31, 2014, using PubMed and
other relevant databases. This article will review various ultrasound ap-
plications practiced by pediatricians. In addition, we will discuss chal-
lenges that lie ahead as POC ultrasound becomes increasingly popular
among pediatricians and the families they serve. We will conclude by
discussing various areas of research need and opportunity.

|
Current POC Ultrasound Applications

Resuscitation Ultrasound and Hydration Assessments
The focused assessment with sonography in trauma (FAST) exami-
nation is the progenitor of resuscitation ultrasound. It assesses for the
presence of free fluid in the peritoneal cavity and evaluates the heart
for contractility and pericardial effusion.® The extended FAST exami-
nation adds a limited lung assessment and has proved to be accurate
in the assessment for possible posttraumatic pneumothorax.”

Although the FAST examination is well established in adult
trauma patients, its utility in children is less definite owing toimper-
fect test sensitivity and the frequent use of nonoperative manage-
ment for intra-abdominal injury.

A meta-analysis by Holmes et al® concluded that abdominal
sonography was 80% (95% Cl, 76%-84%) sensitive and 96% (95%
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Cl, 95%-97%) specific for the identification of intraperitoneal free
fluid in children who sustained blunt trauma. In asubsequent study
of 357 children with blunt abdominal trauma, Fox et al® demon-
strated a sensitivity of 52% and specificity of 96% for the detec-
tion of clinicallyimportant intraperitoneal free fluid. Because of the
relatively low sensitivity of the FAST examination, the absence of vis-
ible intraperitoneal free fluid, independent of additional patient in-
formation, cannot be assumed to provide compelling assurance
against traumatic hemoperitoneum or hollow viscus injury.

The frequent use of nonoperative management for intra-
abdominal injury is another issue that affects the usefulness of the
FAST examination.'®" Many pediatric surgeons do not consider the
presence of trauma-associated intraperitoneal free fluid tobe anab-
soluteindication for surgical laparotomy in otherwise stable and well-
appearing patients; it is reported that more than 90% of children
diagnosed with intra-abdominal injury are treated nonoperatively.”
Despite these limitations, the FAST examination continues to be used
to evaluate pediatric blunt torso trauma and may be most useful in
children who are considered to be at low to moderate risk of intra-
abdominal injury based on a multifaceted screening protocol.’>'*

Several protocols provide systematic approaches to treating pa-
tients with undifferentiated cardiorespiratory compromise.' Per-
shad et al,’®in a study of 31 children admitted to a pediatric intensive
care unit, demonstrated good agreement between experienced in-
dependent pediatric echocardiographers and pediatric emergency
physicians on sonographic measurements of left ventricular short-
ening fraction and inferior vena cava volume. The authors concluded
that pediatricemergency physician sonographers with focused train-
ing who use the bedside limited echocardiography by the emer-
gency physician (BLEEP) protocol were able to provide accurate es-
timates of left ventricular function and right ventricular filling.

The rapid ultrasound for shock and hypertension (RUSH) pro-
tocol addresses hemodynamic compromise via a conceptualiza-
tion using “the pump,” “the tank,” and “the pipes."” Weingert et al'®
use a mnemonic, HIMAP, that instructs sonographic assessment of
the heart, inferior vena cava, Morison pouch, aorta, and lungsin their
RUSH protocol, which was developedin 2007. The ability of the com-
plete RUSH protocol to identify or exclude various causes of shock
in adults is unclear, with the available data taken from component
studies. To date, test characteristics of the RUSH protocol have not
been elucidated in pediatrics. When applied to children, the same
inferior vena cava and heart assessments can be used, while the
evaluation of the pipes for blood loss or obstruction to circulatory
flow may search for pathologic features that are uncommonin adults.

Unique considerations in a pediatric-adapted RUSH protocol
may involve POC ultrasound evaluation of the abdominal cavity in
search of intraperitoneal free fluid resulting from a ruptured ecto-
pic pregnancy.'® Lung sonography may reveal evidence of in-
creased capillary permeability or facilitate the diagnosis of sponta-
neous tension pneumothorax in patients with cystic fibrosis.”2°
Transfontanelle ultrasound of the infant brain can detect the pres-
ence of unanticipated intraventricular hemorrhage.?'

Determining hydration status is a frequent exercise in children.
Clinical scores of dehydration have demonstrated suboptimal accu-
racy, while various studies attest to the promise of ultrasound
assessments.2? Original studies included static prerehydration and
postrehydration measurements of capacitance vessel diameter, with
sensitivities and specificities ranging from 86% to 93% and 56% to
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At aGlance

« Point-of-care ultrasound use by pediatricians has received
increased attention, with both established and novel applications
being used.

« Current applications use resuscitation and hydration assessment,
guided vascular access, evaluation of skin and soft-tissue
infections, pulmonary assessment, and assessment of a variety
of intra-abdominal conditions.

« Training and credentialing in point-of-care ultrasound is
rapidly evolving.

« Other novel applications for ultrasound are fruitful areas
for research.

59%, respectively.?>2¢ More recent interest has focused on serial as-
sessments of large-vessel collapse and expansion in response to pro-
vocative maneuvers, such as sniffing and lower-extremity elevation,
respectively.?” The potential for accurate identification of childrenin
need of intensive treatment for dehydration holds considerable prom-
ise, particularly in resource-limited settings.

The opportunity provided by POC ultrasound for initial and serial
assessments of preload, contractility, afterload, and possible volume
loss carries significant potential for greater understanding and accu-
racy in pediatric resuscitation and will likely influence bedside decisions
regarding the use of volume expansion, pressors, and inotropes.

Ultrasound-Guided Vascular Access

In response to the Institute of Medicine report, To Err Is Human,?®
the Agency for Healthcare Research and Quality advocated sono-
graphic guidance for central venous access as 10of 12 recommended
practices for patient safety and error reduction. While central ve-
nous cannulation is not practiced by most pediatricians, establish-
ing peripheral intravenous access in children is frequently a time-
consuming, challenging, and frustrating process for all involved
parties. Ina prospective study of 50 children younger than 10 years,
Doniger et al* realized improvements in overall success for estab-
lishment of intravenous access, less overall time, and fewer at-
tempts and needle redirections when using ultrasound guidance vs
the traditional technique. Costantino and colleagues>° studied 60
patients for whom intravenous access had not been obtained fol-
lowing at least 3 attempts. The success rates for the ultrasound vs
control groups were 97% and 33%, respectively, while the ultra-
sound group required less time to achieve successful cannulation
and fewer percutaneous punctures.

Soft-Tissue Ultrasound
The incidence of skin and soft-tissue infection increased 3-fold be-
tween 1993 and 2005,3" magnifying the repercussions that result
from a health care professional’s inability to distinguish an abscess
from cellulitis, evidenced by the poor interrater reliability regard-
ing clinical prediction of the need for a drainage procedure.3?
Abscess visualization by ultrasound confirms the need for a
drainage procedure and may decrease repeated visits, antibiotic use,
and the duration of patient discomfort. Conversely, the visualiza-
tion of cellulitis without abscess prevents an unnecessary incision
and spares the time and patient discomfort resulting from proce-
dural sedation and analgesia.
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Prospective pediatric studies®>>> have reported POC ultra-
sound to be 90% to 97% sensitive and 69% to 83% specific for dis-
tinguishing abscess from cellulitis compared with clinical suspi-
cion, for which sensitivity and specificity were 75% to 78% and 66%
to 80%, respectively.

Musculoskeletal Ultrasound
Health care professionals who use ultrasound are able to rapidly
visualize the cortical discontinuity of long bone fractures, facilitat-
ing diagnosis and early immobilization before conventional
radiography.3® Ultrasound also may be useful for rapid on-field evalu-
ations where conventional radiography is not accessible.
Inastudy of nonangulated distal forearm injuries conducted by
Chaar-Alvarez etal,*” ultrasound demonstrated sensitivity and speci-
ficity of 96% and 93%, respectively, with less patient discomfort dur-
ing the imaging procedure compared with conventional radiogra-
phy. Ultrasound also has been used to guide reduction of simple
fractures.3%-38 |f additional studies support the safety and efficacy
of this approach for selected fractures, C-arm-induced radiation ex-
posure to children and staff could be reduced.

Pulmonary Ultrasound

Imperative to understanding pulmonary ultrasound is the notion that
air scatters sound waves, rendering visualization of lung tissue difficult.
Theresultis the consistent presence of characteristic default artifacts
during ultrasound evaluation of healthy lungs. Conversely, many respi-
ratory illnesses are characterized by the enhanced transmission of sound
waves resulting fromincreased pulmonary fluid. When abnormal fluid
accumulation is presentin or around the lung, normal default artifacts
may be altered or attenuated and adisease process can beinferred.3%4°

In publications that report on adults in the intensive care unit,*!
various lung artifacts have been well described and their appear-
ances organized into an algorithm to assist health care professionals.
Differentiation of artifacts assists bedside identification of pneumo-
thorax, pulmonary edema, effusion, and pneumonia. O'Connor et al*?
compared test characteristics of lung ultrasound and chest radiogra-
phy using thoracic computed tomography as the reference stan-
dard. Eighty-four hemithoraces were evaluated by the 3 imaging tech-
niques. The sensitivity, specificity, and diagnostic accuracy of chest
radiography was 38%, 89%, and 49% for consolidation; 46%, 80%,
and 69% for interstitial syndrome; 0%, 99%, and 89% for pneumo-
thorax; and 65%, 81%, and 6% for pleural effusion. The correspond-
ing values for lung ultrasound were 100%, 78%, and 95% for con-
solidation; 94%, 93%, and 94% for interstitial syndrome; 75%, 93%.
and 92% for pneumothorax, and 100%, 100%, and 100% for pleu-
ral effusion. The authors concluded that, in their unselected inten-
sive care unit population, lung ultrasound provided better diagnos-
tic performance than chest radiography for the diagnosis of common
pathologic conditions. Additional experience using pulmonary ultra-
sound in ambulatory patients is anticipated.

Shah et al,*®in a prospective evaluation of children and young
adults with suspicion of pneumonia, reported greater sensitivity for
POC ultrasound vs chest radiography based on characteristic sono-
graphic findings.

Intussusception

In children aged 3 months to 6 years, intussusception is the most
common cause of intestinal obstruction.** The classic clinical triad
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of colicky abdominal pain, vomiting, and currant jelly stool occurs
in less than 50% of cases.*” Findings from the physical examina-
tion are often nonspecific, and radiographs may show no
abnormalities.*6#” Radiologist-performed sonography has emerged
as the standard screening imaging modality for intussusception, with
sensitivity greater than 98% and specificity of 88% to 100%.%”

A recent prospective study of 82 patients with suspected in-
tussusception by Riera et al*® demonstrated a sensitivity of 85% and
specificity of 97% with assessments performed by novice sonog-
raphers. The high specificity makes ultrasound attractive as ameans
to establish the diagnosis of intussusception, with the potential to
expedite reduction.

Appendicitis

Acute appendicitis is the most common surgical emergency that oc-
curs in children.#®>° Computed tomographic evaluation provides
sensitivity and specificity of more than 90%, while studies of radi-
ology-performed ultrasound report similar specificity but lower
sensitivity.’® Many health care professionals advocate a staged
imaging approach, using sonography as the initial modality with the
option for computed tomography if findings from sonographic as-
sessments are negative or indeterminate.”'

Tworecent prospective studies have focused specifically on pe-
diatric emergency care professionals. Elikashvilli et al>? evaluated
150 children for suspected appendicitis. Radiologists and pediatric
emergency medicine sonographers achieved similar sensitivity
(60.0% vs 62.5%) and specificity (94% vs 99%), respectively. A sec-
ond study by Sivitz et al®® used an anatomically based scanning pro-
tocol that improved appendix visualization relative to POC ultra-
sound studies insonating at the site of maximal tenderness. In the
264 POC ultrasound evaluations, sensitivity and specificity were 85%
and 93%, respectively.

Perhaps most encouraging are data arising from subanalysis
within the 2 abovementioned studies. Those with more than 25 so-
nographic assessments reported sensitivities of 80% to 88% and
specificities of 98% to 99%, respectively, suggesting excellent pre-
dictive value for positive studies obtained by more experienced pe-
diatric physician sonographers and emphasizing the importance of
continuing practice and repetition.

Pyloric Stenosis
The most common surgical cause of nonbilious vomiting in infancy
is hypertrophic pyloric stenosis.>* Unfortunately, neither the pal-
pable pathognomonic “olive,” representing the hypertrophied py-
loric muscle, nor the classically described hypochloremic hypoka-
lemic metabolic acidosis are often present at the time of initial
presentation.>>>®

Since its introduction by Teele and Smith®” in 1977, pyloric sonog-
raphy has demonstrated accuracy near 100% and is presently con-
sidered the imaging standard. A prospective study reviewed pediat-
ricemergency physician POC ultrasound findings in 60 patients with
suspected hypertrophic pyloric stenosis.>® All cases of hypertrophic
pyloric stenosis were identified correctly, with measurements con-
sistent with those obtained by co-investigators in radiology.

Ocular Ultrasound

The aqueous and vitreous humors of the eye serve as excellent acous-
tic media for sonographic evaluation of the optic nerve, providing
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an alternative assessment to traditional fundoscopy. Ultrasound has
been used successfully by nonophthalmologist health care profes-
sionals in patients with suspected retinal detachment, while optic
nerve measurements have been used in the evaluation of sus-
pected ventriculoperitoneal shunt malfunction and high-altitude ce-
rebral edema.®®-62 Biuerle and Nedelmann®® measured the optic
nerve void diameter in 25 patients with suspected idiopathic intra-
cranial hypertension who underwent lumbar puncture. Patients with
an idiopathic intracranial hypertension diagnosis based on lumbar
puncture measurements of increased intracranial pressure had sta-
tistically significantly higher optic nerve void diameter measure-
ments than patients without idiopathic intracranial hypertension.

|
Future Challenges

Point-of-care ultrasound is an example of a disruptive innovation,
whereby a novel technique or strategy transforms the status quo by
introducing unprecedented simplicity, convenience, accessibility,
and/or affordability.®“ It is incumbent on us, as professionals who
provide care for children, to continue a collegial dialogue regarding
the many yet-to-be-resolved questions that have arisen subse-
quent to the advent of POC ultrasound.

Training and Credentialing

Can physicians learn ultrasound? The attainment of competencein
ultrasound is no small task, necessitating skills in both image acqui-
sition and interpretation. The development of specialty-specific ex-
pertise by cardiologists, obstetricians, anesthesiologists, intensiv-
ists, and others endorses the notion that nonradiologist physicians
canmaster ultrasound in a circumscribed discipline. Meanwhile, the
collateral achievement of broad competence in POC ultrasound by
emergency medicine physicians supports its potential for nonspe-
cialist pediatricians.

Two routes to physician competency and credentialing in clini-
cal ultrasound are common in emergency medicine. The first in-
volves obtaining core sonographic skills during emergency medi-
cineresidency or pediatric emergency medicine fellowship training
viaacombination of dedicated ultrasound rotations, supervised clini-
cal use, and a didactic curriculum. Vieira et al®® provided a consen-
sus guideline for pediatric emergency medicine fellow POC ultra-
sound training that included unique pediatric-specific curriculum
content. Many graduates opt to advance their POC ultrasound train-
ing beyond their emergency medicine training. There are currently
98 emergency ultrasound fellowships, including a small number of
pediatric-specific emergency ultrasound programs.®®

Many institutions that credential physicians in clinical ultra-
sound use American College of Emergency Physicians guidelines.®”
The physicianis initially credentialed in basic applications following
the performance of 25 to 50 quality-reviewed ultrasounds per
application, while for procedural credentialing, 5 to 10 quality-
reviewed interventions are recommended per application. In envi-
ronments of lower patient acuity that provide fewer opportunities
for procedures, simulator repetitions may supplement live patient
encounters. Maintenance of credentialing requires both docu-
mented ultrasound use and ultrasound-related education.

For physicians outside residency or fellowship training, practice-
based pathways that recognize clinical repetition are often accept-
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able for institutional credentialing. This type of credentialing path-
way may follow participation in a formal course that combines
didactic and hands-on instruction. Both practice- and training-
based credentialing pathways should encourage an initial mini-
mum number of training scans per indication, with access to ex-
pert sonographers for assessment of competence in image
acquisition and interpretation. Longitudinal quality assurance using
periodicimage review should occur once initial competency has been
achieved.

Another question pertains to when ultrasound learning is
best accomplished. Many believe ultrasound should be intro-
duced at the beginning of medical school while others contend
that training is optimal at the onset of undergraduate clinical rota-
tions. Bahner et al,®® in a 2012 survey of 134 US medical school
curriculum administrators, inquired about the state of under-
graduate ultrasound education. Only 62% of respondents
reported integration of ultrasound into the undergraduate medi-
cal education curriculum; it was most often introduced during the
third year. Despite respondent consensus affirming its impor-
tance, the authors concluded that the integration of ultrasound
education in US medical schools was highly variable and sug-
gested the implementation of national standards to guide imple-
mentation. Studies comparing the performance of students
involved in differing ultrasound curricula will be informative.

Discussions of the timing of ultrasound education should not
bypass the training of practicing physicians. Clinical use of POC ul-
trasound will be compromised if senior physicians are unable to con-
fidently interpret ultrasound images obtained by the physicians-in-
training they are charged to supervise. Special strategies for older,
late-adopting, and technologically nonintuitive physicians must be
developed.

Even if learnable, is POC ultrasound in the best interest of our
patients? While there is reasonable consensus regarding the utility
of POC ultrasound for procedural guidance and real-time assis-
tance in patient resuscitation, discussion of appropriate diagnostic
POC ultrasound applications will necessarily include the difficulty of
the application relative to physician competency, the risk of misdi-
agnosis, specialist availability, and time considerations. For ex-
ample, the sonographic differentiation of abscess and cellulitis is a
relatively simple skill, while neither condition confers immediate risk
of significant morbidity or mortality. In contradistinction, the sono-
graphic evaluation of ovarian torsion is challenging and pertains to
the patient's future fertility, with health care professionals fre-
quently opting for radiology consultation.®® The effect of POC ul-
trasound on patient flow is of considerable importance. While many
ultrasound studies performed at the point of care have the poten-
tial to shorten patient length of stay, more complicated studies have
the potential to decrease patient flow. Interdisciplinary dialogue re-
garding the scope of pediatric POC ultrasound will continue and will
likely reflect unique institutional and community characteristics. A
list of basic and advanced pediatric POC ultrasound applications is
provided in the Box.

Confusion regarding what POC ultrasound is—and is not—also
warrants mention. Parents may communicate to the effect of, “We
already had an ultrasound at the hospital last week and it was fine."
Inthe event of a need for follow-up consultative study, a health care
professional’s presumption that a full sonographic evaluation has
been accomplished carries significant risk of diagnostic delay or omis-
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Box. Pediatric Point-of-Care Ultrasound Applications

Basic

1. Basic echocardiography

2. Volume and/or hydration assessment

3. Peripheral vascular access

4. Soft-tissue examination (abscess and/or cellulitis)
5. Bladder volume measurement

6. Musculoskeletal examination (long bone fractures)

7. Intrauterine pregnancy identification

Advanced

1. Resuscitation (eg, extended focused assessment with
sonography in trauma, rapid ultrasound for shock and
hypertension)

2. Foreign body detection and removal

3. Nerve blocks

4. Pulmonary applications

5. Central vascular access

6. Ocular applications

7. Abdomen (constipation, hydronephrosis, hepatobiliary system,
and spleen)

sion. Information regarding the limited scope of POC diagnostic ex-
aminations should be included in the medical record, discussed with
the family, and explicated in the discharge instructions.

Interdisciplinary Dialogue

Perhaps the greatest distinction between radiologists and physi-
cians who use ultrasound occurs in response to diverging strate-
gies used for diagnostic studies.* Radiologists have customarily per-
formed comprehensive assessments of anatomic areas and have
assumed responsibility for all possible pathologic features within pre-
determined anatomic boundaries. Point-of-care ultrasound takes a
focused approach: is an abscess noted? Is intraperitoneal free fluid
visible following trauma? Is there an intrauterine pregnancy? The use
of abinary approach to diagnostic ultrasound is understandable given
the time constraints endemic to the nonradiologist physician’s prac-
tice environment.

In many instances, focused diagnostic POC ultrasound studies
provide information that guides physicians to request the most ap-
propriate consultative ultrasound study, expediting patient flow and
workplace efficiency. When clinical findings warrant high suspicion
for a disease but findings from a focused examination show no ab-
normalities, collaboration with colleagues in radiology may facili-
tate the investigation of alternative diagnoses.

Discussions with consultants and admitting teams are fre-
quently augmented by findings from POC ultrasound. In children
who appear seriously ill or unstable, bedside evaluation may
inform the treatment of those who cannot safely leave the clinical
care area. Point-of-care ultrasound findings may also prompt acti-
vation of resources while health care professionals await addi-
tional radiologic imaging.

Reimbursement Issues
In fee-for-service models, credentialed physicians are reimbursed
for the professional component of the ultrasound examination un-
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der Current Procedural Terminology coding guidelines.”® Current
Procedural Terminology modifiers exist to differentiate focused ex-
aminations from comprehensive examinations and for the designa-
tion of repeated evaluations.

Physician reimbursement for ultrasound necessitates docu-
mentation of the indication for the study, an archived representa-
tive image, and its interpretation by a credentialed physician
sonographer.”® Consultation with informative technology special-
ists is recommended.

Research

Just as pediatric patients are not little adults, pediatric POC ultra-
sound is not simply a miniaturized version of the clinical ultrasound
that has been provided to adults. Pediatric-specific POC ultra-
sound research will be of paramount importance going forward.

The acquisition of repetition and competence in pediatric ul-
trasound-guided procedures will likely increase the use of ana-
tomic ultrasound phantoms and interact with developing simula-
tion curricula. Tolerance of procedural skill acquisition on patients
will likely decrease in view of increasingly available alternative-
learning strategies. Assessments of rapidity and durability of skill ac-
quisition will be eagerly anticipated. Along these lines, best prac-
tices for credentialing and quality assurance programs will require
delineation.

Strategies and benefits of communication between physicians
and radiologists using the shared language of ultrasound will likely
be studied in collegial pediatric medical communities. In certain situ-
ations, the nonradiologist physician sonographer’s role may empha-
size image acquisition before consultation with radiologists or other
specialists using images that are available on accessible image-
archiving systems. Institutions that are able to achieve and codify
interdisciplinary collaboration on behalf of their patients will have
considerable opportunity to instruct others.

One of the most exciting aspects of pediatric POC ultrasound
is the opportunity for the creative development of novel applica-
tions. The already astonishing variety of innovations will require
study and refinement at different sites, in unique populations,
and with physician sonographers of varying experience and train-
ing. The pursuit of normative pediatric-specific anatomic and
physiologic characteristics will be a natural result of this ongoing
development.

. |
Conclusions

Point-of-care ultrasound is an exciting innovation. Miniaturization
of increasingly durable units, dramatic improvements inimage qual-
ity, archiving systems, instruction in the early stages of medical train-
ing, institutional credentialing programs, and an expanding array of
educational resources will likely provide the infrastructure neces-
sary for health care professionals’ competence in practiced appli-
cations. Many pediatric specialists will achieve considerable com-
petence and creative development in their systems of expertise,
while common diagnostic applications will be adopted by increas-
ing numbers of nonspecialist pediatric health care professionals.
Point-of-care ultrasound offers extraordinary opportunity but por-
tends caution and responsibility as it appears poised to change the
practice of pediatric medicine.
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