JECCI

Journal of Emergency and

Critical Care Imaging

2025 [ Z2t=

%
XY
L1

1




Journal of Emergency and
Critical Care Imaging

2025 | F=E






== Editorial Board

Position

Name

Affiliation

Editor-in-Chief

Sin-Youl Park

Yeungnam University College of Medicine

Editorial director

Dong Eun Lee

School of Medicine, Kyungpook National University

Editorial member

Bossng Kang

Hanyang University Guri Hospital

Editorial member

Chan Yong Park

Busan National University Hospital

Editorial member

DongKil Jeong

Department of Bmergency Medicine, Asan Chungmu Hospital, Asan, Korea

Editorial member

Francis Lee

Khoo Teck Puat Hospital, Singapore

Editorial member

Gee Young Suh

Samsung Medical Center, Sungkyunkwan University School of Medicine

Editorial member

Gyu Chong Cho

Hallym University School of Medicine

Editorial member

Han Ho Doh

Dongguk University Medical Center Ilsan Hospital

Editorial member

Ho-hyun Kim

Busan National University Hospital

Editorial member

Hong Chuen Toh

Khoo Teck Puat Hospital, Singapore

Editorial member

Hyunggoo Kang

Hanyang University College of Medicine

Editorial member

Hyunmin Cho

Jeju Halla Hospital

Editorial member

Hyunsoo Jung

Severance Hospital, Yonsei University College of Medicine

Editorial member

Je Hyeok Oh

Chung-Ang University College of Medicine

Editorial member

Jeong-Am Ryu

Samsung Medical Center, Sungkyunkwan University School of Medicine

Editorial member

Jin Hee Lee

Seoul National University Hospital

Editorial member

Jonggeun Kim

School of Medicine, Kyungpook National University

Editorial member

Ka Leung Mok

Ruttonjee Hospital, Hong Kong

Editorial member

Kenichi Katabami

Hokkaido University Hospital, Japan

Editorial member

Kyeongwon Kang

Jeju National University Hospital

Editorial member

Kyung Soo Chung

Severance Hospital, Yonsel University College of Medicine

Editorial member

Kyunghoon Seon

Chosun University Hospital

Editorial member

Niraj Dubey

Khoo Teck Puat Hospital, Singapore

Editorial member

Seungryeol Shin

Inha University Hospital

Editorial member

So Young Park

KyungHee University Medical Center

Editorial member

Su Jin Kim

Korea University College of Medicine

Editorial member

Sunghoon Park

Hallym University Sacred Heart Hospital

Editorial member

Tae Nyoung Chung

CHA University School of Medicine

Editorial member

Taehun Lee

Hallym University Chuncheon Sacred Heart Hospital

Editorial member

Toru Kameda

Red Cross Society Azumino Hospital, Japan

Editorial member

Wonjun Jeong

Chungnam National University Hospital

Editorial member

Youdong Sohn

Hallym University Sacred Heart Hospital

Editorial member

Young Rock Ha

Severance Hospital, Yonsel University College of Medicine

Editorial member

Young Soon Cho

Soonchunhyang University Bucheon Hospita

Editorial member

Young-Jae Cho

Seoul National University Bundang Hospital







== Contents

[Editorial]
From Image to Safety, Knowledge that Transforms the Field
Sin—Youl Park

[Review Article]
Radiographic Review in Upper Extremity X-ray Interpretation
Seung—yeol Shin

[Image Casel
74-year—old man with abdominal pain
Kyung—Woo Lee, SY Park

[Image Casel

Pulmonary edema caused by left atrial mechanical
compression due to an aortic aneurysm

Dongkil Jeong

[Review Article]

Ultrasound guided management of shock
A review of common algorithms

Chun Yue Lee

[Review Article]

Application of the point—of-care ultrasound
during resuscitation

Yoo Seok Park

[Review Article]

Thoracic imagings in emergency room patients
with acute dyspnea or chest pain

Dong Hun Kim

[Review Article]
Reform of National Health Insurance for ultrasonography
Tae Sik Kim

Instructions for Authors

17

21

25

39

51

63

73






JECCI vol 1, Num 1, Dec 2025

Editorial e

From Image to Safety, Knowledge

that Transforms the Field

Sin—Youl Park

Editor—in—Chief, Journal of Emergency and Critical Care Imaging (JECCI)

Chair, Society of Emergency & Critical Care Imaging (SECCI)

It is a great honor to introduce the
inaugural issue of the Journal of Emergency
and Critical Care Imaging (JECCI), the
official journal of the Society of Emergency
& Gritical Care Imaging (SECCD, to all SEQCI
members and our esteemed readers.
Medical imaging plays an extremely impor—
tant role throughout the entire process of
modern healthcare!. In particular, rapid
stabilization through immediate resusci—
tation, quick decision—making, initiation
of appropriate treatment based on accurate
differential diagnosis, and careful moni—
toring for the management of critically ill
patients are paramount in emergency and
critical care’. We keenly recognize that
imaging plays a crucial and rapidly increa—
sing role in this area of clinical practice’.

In emergency and critical care settings,
imaging is evolving beyond a diagnostic
tool and is transitioning into a paradigm
where it serves as a critical means for
clinical ~decisions that save lives by

reducing time and enabling accurate
judgment™. Therefore, acquiring competency
in medical imaging is considered an
essential skill for clinicians working in this
field to ensure the safe treatment of

emergency and critically ill patients®.

The imaging competency required of
medical professionals in emergency and
critical care must extend beyond traditional
diagnostic tools such as X-ray, ultrasound,
CT, and MRI’. It must integrate with
various medical domains, expanding into
the areas of decision—making and therapy.
This includes therapeutic imaging such as
angiography® and the rapidly advancing
9,10

field of Al imaging™".

JECCI takes its first step today, faithfully
reflecting this rapidly changing imaging
paradigm and the diverse demands of
frontline clinicians in the emergency and
critical care domain. Our goal is to become
a resource that empowers emergency and
critical care professionals with imaging
decision—support  and
JECCI

focuses not on “imaging interpretation

competency  for
workflow innovation. Therefore,
techniques themselves” but on correct decision
—making, patient safety, and clinical value'’.

JECCI is a biannual academic journal dedi—
cated to a wide range of imaging studies
used in the care of emergency and critically
ill patients both inside and outside the
hospital. It adopts the official peer—review
system of the Korean Society of Emer—
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gency Medicine. Our journal accepts sub—

missions of editorials, original articles,
reviews, letters to the editor, case reports,

and clinical images from related fields.

JECCI's editorial philosophy is clear: First,
clinical relevance. We welcome evidence
that works in the field, from single—
institution best practices to multicenter
registries, real-world evidence, and imple—
mentation science. Second, methodological
rigor. Authors must transparently report
research design, statistical analysis, model
performance, cross—validation, and external
validation in a reproducible manner. We
strictly apply international reporting guide—
lines such as PRISMA, STROBE, CONSORT,
and TRIPOD. Third, openness and trust.
We encourage the disclosure and sharing
of data, code, and protocols where possible,
and adhere to research ethics and conflict—
of—interest management compliant with
ICMJE, COPE, and KAMJE standards.
Fourth, diversity of formats. We boldly
welcome diverse formats, including Original
Articles, Brief Reports, Systematic Reviews/
Meta—analyses, Technical Notes, Practice
Guidelines, Images in Emergency & Ciritical
Care, Protocols, and even Negative/Null
Results, provided they hold meaningful
learning value. Fifth, global —local bridge.
We aim to create a knowledge ecosystem
that links the experience accumulated in
the Korean emergency medical system and
critical care practice with international
standards, while simultaneously translating
and applying global innovations to the
local context. SECCI has grown from the
tradition of the

Korean Society of

Emergency Imaging. Ahead of our 20th

anniversary in 2026, we seek to embody
the academic commitment of From Image
to Safety within JECCI and share it with
researchers worldwide. Specifically, POCUS
education and quality management, the
appropriateness of interventional imaging,
the redefinition of imaging's role in the
post—pandemic era, balancing the benefits
and harms of multi-region CT, and the
responsible adoption and  performance
validation of Al are core agendas JECCI
will continuously address. Sixth, JECCI's
peer review is resolute yet fair. We value
the validity of the research question, the
sincerity of the methodology, and the balance
of the conclusion over the flashiness of results.
The editorial board will foster a culture of
transparent, author—friendly review, providing
quick, high—quality feedback and encouraging
open post—publication dialogue and cons—

tructive criticism via an online platform.

JECCI will undoubtedly be wuseful to
medical professionals engaged in emergency
and critical care both inside and outside
the hospital. Today, the role of imaging
diagnostics in acute care goes beyond
simply identifying diseases. Accurate and
rapid imaging information is a determi—
ning factor in patient survival across the
entire spectrum of emergency and critical
care, from post—cardiac arrest care to
severe trauma and septic shock. We now
live in an era where the fusion of seasoned
clinicians and experts with deep insights
into cutting—edge imaging technology and its
clinical application is urgently needed.

In response to the drastic changes in the

healthcare environment, there is a growing



emphasis on patient safety and rights. We
believe that the competency of medical
professionals is paramount, especially for
the safe treatment of emergency and
critically ill patients. The core of emergency
and critical care lies in rapid stabilization,
accurate differential diagnosis, and careful
monitoring. The role of clinical imaging
for the clinician—who is at the center of

this process—is of immense importance.

Based on the strength of our Society of
Emergency & Critical Care Imaging, which
brings  together  diverse  professionals
responsible for emergency and critical care
both inside and outside the hospital, we
are pleased to introduce this new journal.
JECCI was born in response to the call of
our times. It will prioritize collecting,
systematizing, and ultimately establishing
the optimal clinical system applicable to
the field, integrating fragmented acute care
imaging knowledge previously discussed
across various clinical departments, including
Emergency Medicine, Critical Care Medicine,

and Radiology.

It will achieve this by serving as a bridge

that provides wisdom for clinical
implementation to imaging experts (Radio—
logists) and advanced imaging technology
competency to frontline clinicians (Emergency
& Critical Care Physicians). In doing so,
we aim to establish the optimal clinical

system applicable to the field.

JECCI now extends an invitation to all
medical professionals involved in emergency
and critical care. We ask you to join us

in building a complete academic loop that

Clinical image for From Image to Safety

starts with a question from the field, is
validated through data, and culminates in
actionable guidelines. At the end of that

journey lies patient safety.

The founding of JECCI was a long—
cherished aspiration of the Society of
Emergency & Ciritical Care Imaging, and
we extend our deepest gratitude to the
Society’s board of directors, the editorial
board, and all members and stakeholders
for their dedicated efforts and unwavering
support. The successful growth of JECCI,
having taken its first step today, rests on
your continued interest and active
participation. We ask for your valuable
submissions and warm encouragement as
we collectively shape the future of emer—

gency and critical care imaging,

JECCI promises to uphold today’'s commit—
ment by presenting more robust evidence
and better practices in every issue. We
will write the future of emergency and
critical care imaging—together, at the
patient’s bedside. JECCI pledges to be a
steadfast lighthouse, providing the fastest
and most accurate knowledge on the

frontline of safeguarding human life.
Thank you.
December 2025

Sin—Youl Park, MD, PhD

Editor—in—Chief, Journal of Emergency
and Critical Care Imaging (JECCI)

Chair, Society of Emergency & Critical
Care Imaging (SECCID)
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Radiographic Review in Upper Extremity X—ray Interpretation

Seung—yeol Shin

Department of Emergency Medicine Inha University Hospital, Incheon, Korea

Abstract

Interpretation of upper extremity radiographs in the emergency setting remains a
frequent source of diagnostic error due to complex anatomy, subtle fracture patterns,
and the frequent coexistence of osseous, ligamentous, and joint injuries. In clinical
practice, missed or delayed diagnoses arise more commonly from inadequate image
acquisition, failure to apply a structured interpretive strategy, and underrecognition
of indirect radiographic findings than from insufficient pathological knowledge alone.
This review provides a comprehensive and systematic framework for upper extremity
radiograph interpretation based on a stepwise assessment of technical adequacy,
alignment, bone integrity, joint congruency, and soft—tissue abnormalities. Particular
emphasis is placed on diagnostic pitfalls frequently encountered in early—career
clinicians, including occult fractures, subtle joint instability, and secondary
radiographic signs suggesting ligamentous or soft—tissue injury. By integrating
anatomical principles with a structured analytical approach, this review aims to
reduce missed injuries, enhance interpretive accuracy, and strengthen clinical

confidence in the evaluation of acute upper extremity trauma.
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Upper Extremity Radiography, Systematic Interpretation, Diagnostic Errors,

Occult Fractures, Emergency Setting
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INTRODUCTION

The upper extremities are among the
most commonly injured areas in trauma
patients visiting the emergency room,
frequently presenting with fractures,
dislocations, ligament injuries, and soft
tissue damage occurring either singly or
in combination. Particularly, the hand,
wrist, elbow, and shoulder joints exhibit
diverse injury patterns not only in
high—energy trauma but also in low-
energy injuries like everyday falls. Plain
radiography (X-ray) serves as the most
fundamental and crucial primary imaging
modality for the initial evaluation of
these patients. However, the upper extremity
has a complex anatomical structure and
high joint continuity, making it challen—
ging to interpret Images as micro—
fractures or joint instability are often not

clearly visible.

Diagnostic omissions in actual clinical
practice are not solely due to lesions
being “invisible” on images. Diagnostic
errors frequently occur when imaging
is not performed appropriately, the
interpretation process lacks systematic
rigor, or there is insufficient under—
standing of indirect radiographic findings.
Emergency medicine physicians with
limited clinical experience, in particular,
often struggle to distinguish normal
variations from pathological findings and
are prone to overlooking secondary radio—
graphic signs associated with micro—
fractures, potential dislocations, or ligament

injuries.

Moreover, upper extremity injuries
frequently present as combined injuries
rather than isolated lesions. Conse—
quently, focusing attention on a single
apparent fracture often leads to over—
looking accompanying joint or ligament
damage. Such interpretive errors can
result in unnecessary additional tests,
delayed diagnosis and treatment, and increase
the likelihood of long—term functional

impairment.

Therefore, this review aims to outline a
systematic approach to interpret plain
radiographs of the upper extremities.
By highlighting diagnostic pitfalls commonly
missed by novices in the clinical setting,
it seeks to help early—career emergency
physicians reduce diagnostic errors in
upper extremity trauma patients, strengthen
their clinical confidence in image inter—
pretation, and ultimately contribute to

improving patient safety and quality of care.

Basic Upper Extremity X-ray
Interpretation

Before interpreting upper extremity
X-rays, it is necessary to check the
standard views required for each joint
region, as they are systematically
organized. For the shoulder joint, AP
views in internal and external rotation
and the scapular Y-view are funda-—
mental. An axillary view is required if
joint position abnormality is suspected"®.
For the elbow, AP and true lateral
views are essential. Oblique views are
useful when assessing proximal radius

lesions or detecting subtle elbow fractures™’.



When imaging the forearm, AP and
including  both  the
proximal and distal joints are mandatory,

lateral  views

considering that injuries along the
interosseous membrane can propagate
throughout the entire limb. For the
wrist and hand, PA, lateral, and oblique
views are fundamental. If scaphoid
injury is suspected, a dedicated scaphoid

view must be added?®

Similar to interpreting X-rays of other
regions, upper extremity X-ray inter—
pretation must be systematic. The
starting point for upper extremity X-—
ray interpretation should prioritize evaluating
the technical adequacy of the images
before seeking specific pathologies'?.
While this step may seem unnecessary,
it is crucial for determining the reli—
ability of the interpretation. Inadequate
or technically flawed images can lead
to missing key information such as
hairline fractures, joint misalignment, or
soft tissue changes, or cause errors in
the interpretation process. Particular
caution is required in pediatric imaging
due to the subtle presentation of lesions
such as growth plate injuries, potential

scaphoid fractures, and radial head fractures
3-5

The evaluation of imaging adequacy
can be summarized by four key elements.
First, if true anteroposterior (AP) and
true lateral views are not secured, joint
alignment and fracture line assessment
become distorted; thus, the accuracy of
positioning and rotation must be verified.
exposure must be

Second, adequate

X-ray Review in Upper Extremity

confirmed to clearly depict skeletal patterns
and periosteal contours, facilitating the
interpretation of microfractures. Third,
since two—joint injuries are common in
standard
practice to always include both the

the upper extremity, it is
proximal and distal joints to ensure
sufficient coverage of necessary structures.
Fourth, it is imperative to verify that
artifacts such as plaster casts or jewelry
These
technical checks form the foundation

do not obscure the lesion.
of upper extremity X-ray interpretation.
If adequacy is not ensured, not only
simple retakes but also CT or special—

ized views should be actively considered
1.2

Alignment

The next step is the overall alignment
assessment, one of the most sensitive
and critical steps in upper extremity
radiographic interpretation, alongside
bone evaluation. Abnormal alignment is
a significant indicator suggesting not
only fractures but also joint instability,
soft tissue injury, and associated
injuries’. Particularly, even when no
clear fracture line is observed, abnormal
alignment findings can be a strong
indirect sign of a hidden fracture. Since
the upper limb is a structure where
multiple joints are connected sequentially
from the shoulder to the wrist, abnormal
alignment in a specific segment can be
a clue to adjacent joint injury or chain

instability?.

The regional alignment assessment criteria
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are as follows. At the shoulder joint,
priority should be given to confirming
the alignment between the humeral
head and the glenoid. The scapular
Y-view is used to evaluate whether the
humeral head is positioned over the
glenoid center, enabling differentiation
between anterior and posterior dislocation
9 In the elbow, alignment between the
distal humerus and proximal radius is
assessed using the anterior humeral line
and radiocapitellar line; deviation from
strongly

these two reference lines

suggests a hidden fracture or dislocation

a0, confirming the

In the forearm,
parallelism and alignment of the radius
essential. Assessing the
congruency of the distal
joint (DRU]J) allows differentiation of

associated

and wulna is
radioulnar
injuries such as Essex—
Lopresti or Galeazzi fractures''?, When
interpreting wrist images, radiocarpal
alignment and the straight—line alignment
of the radius—lunate —capitate complex
on lateral views must be evaluated.
Confirming the continuity of Gilula's
three carpal arcs and the scapholunate
essential early

gap is an step for

recognition of perilunate dislocation and

carpal instability'*!*,

Bone

Following alignment assessment, bone
assessment must be performed system—
atically. At this stage, meticulously
examine not only the fracture line but
also the continuity of the cortex,
trabecular pattern, and changes in bone

density!?. Caution is required to avoid
y q

missing microfractures or non—displaced
fractures, which are relatively common
in upper extremity Iinjuries. During

check for

cortical disruption along the greater

shoulder joint assessment,
tuberosity, lesser tuberosity, and surgical
neck. Damage to these structures may
suggest accompanying rotator cuff tears
and can be easily overlooked when
displacement is minimal. In traumatic
anterior/posterior dislocations, greater
tuberosity avulsion fractures are a key
indicator. Damage to the glenoid rim
manifests as Bankart lesions or bony
directly impacting shoulder
615 At the elbow joint,

the radial head is the most common

avulsions,

joint stability

fracture site, often presenting as subtle
cortical damage or trabecular blurring
M6 The coronoid process is a key
structure for elbow stability. Injury to
it constitutes a component of the terrible

triad injury, significantly impacting
prognosis, thus requiring careful attention.
Olecranon  fractures are prone to
significant displacement due to triceps
traction, necessitating meticulous assessment
of fragment position and degree of
displacement'’. In the forearm, the
cortical bone must be traced continuously
along the entire length of both the
radius and ulna. These two bones form
a functional unit; thus, lesions that
appear as isolated fractures are often
associated with damage to the interosseous
membrane or the distal radioulnar joint
(DRU]J). Representative examples include
the Galeazzi fracture, a classic combined
injury involving a distal radius shaft

fracture and DRU]J dislocation, and the



Monteggia fracture—dislocation, which
combines a proximal ulna fracture with
radial head dislocation'*'?. In the wrist,
the scaphoid is the most important
skeletal structure and frequently presents
as an occult fracture™®. Fractures at the
waist region, in particular, often manifest
only as subtle trabecular changes or minor
cortical interruptions, making them a
primary cause of missed fractures.
Dorsal chip fractures of the triquetrum
require careful attention as they appear
as small posterior fragments on lateral
views'®, Metacarpal neck fractures are
particularly in the fifth
typically
present as boxer's fractures with dorsal

common,
metacarpal,  where  they
angulation at the apex.

Joint

Joint evaluation comprehensively includes
the congruency, joint space, continuity
of the
mechanical relationship with surrounding
LB For the

shoulder joint, evaluation includes gleno—

articular surface, and bio—

structures of each joint
humeral joint space narrowing, acro—
mioclavicular (AC) joint widening, and
glenoid rim irregularity, which may
suggest chronic joint disease or cuff
tear arthropathy in addition to trauma®.
In the elbow joint, radiocapitellar congruency
is the most critical indicator; the line
extending the radius neck center axis
must always pass through the capi-
tellum. Deviation from this criterion
should raise suspicion of subtle radial
head dislocation or rotational injury™.

In the ulnohumeral joint, the fit

X-ray Review in Upper Extremity

between the trochlea and olecranon is

assessed;  post—dislocation  articular
step—off can cause long—term functional
limitations. In the evaluation of the
distal forearm and wrist, assess the
symmetry and joint space of the DRU]J
to determine preservation of pronation
—supination function'>'*, At the wrist,
sequentially examine the radiocarpal,
midcarpal, and intercarpal spaces; if
the scapholunate joint space is =3mm,
strongly suspect scapholunate dissociation.
If a carpal collapse pattern is observed,
consider the possibility of SLAC or
SNAC wrist to recognize signs of chronic
injury early. The CMC joint is prone
to injury in crush injuries and must be
reconfirmed using an oblique view. In
non—displaced intra—articular fractures,
discontinuity or irregularity of the
articular surface is subtle and easily
overlooked; CT is useful for significantly

improving diagnostic accuracy.
Soft Tissue

Soft tissue evaluation is a critical step
that complements bone and joint assess—
ments by identifying subtle injuries that
may be missed otherwise. Therefore,
clinicians working in the emergency
department should not dismiss it as
merely an auxiliary assessment but
recognize it as an independent and
essential evaluation step in its own
right. A prime example is the posterior
fat pad sign at the elbow joint, which
strongly suggests an occult radial head
fracture even when the fracture line is

not visible. Similarly, the anterior fat
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pad, when observed in the “sail sign”

configuration, may indicate intra—
articular hemorrhage’. At the wrist,
localized soft tissue swelling can serve
as an early clue suggesting a scaphoid
fracture or perilunate injury. In pediatric
patients, soft tissue shadowing changes

may indicate hidden physeal injury.
Other findings include soft tissue gas,
which signifies an open fracture or
gas—forming infection and requires
immediate treatment’. Soft tissue calci—
fication may suggest chronic ligament
injury or enthesopathy. In laceration
trauma, the presence of foreign bodies
must be confirmed. Soft tissue swelling
observed in crush injuries can be a
warning sign for compartment syndrome,
and early clues can be captured even

with plain radiographs alone®.

Special Issue — Upper Extremity
X-ray Findings Often Overlooked
by Beginners

1) Shoulder

The basic view for shoulder X-rays is
the external rotation AP image (fig.
1-A). Key points to confirm include clear
visualization of the greater tuberosity
(fig. 1-A, 2 and red circle), straight alignment
of the distal clavicular border and
subacromial border (fig. 1-A, 811, blue
line), whether the AC space (fig. 1-A,
8-9) and coracoclavicular (CC) space
(fig. 1-A, 10—11) are widened, the space
between the anterior border of the
glenoid and the medial border of the
humeral head (fig. 1-A, 7), and cortical

10

continuity at the humeral surgical neck
(4). In particular, AC joint evaluation

shoulder
X-rays. Normally, the distal clavicle

must be included in all
and acromion are aligned in a straight
line (Fig. 1-B). However, an AC joint
space =8 mm or a CC joint space >13 mm
strongly suggests AC ligament rupture
and CC ligament injury, respectively'.
The typical radiographic image of a
right AC joint injury in the emergency
room is shown in Fig. 1-C.

Shoulder

common joint dislocation in the human

dislocation is the most
body, accounting for over 50% of all
dislocations, with anterior dislocation
being the most frequent at 80-95%.
Posterior and inferior dislocations are
relatively rare but easily missed®’.

Typical X-ray findings for anterior
dislocation include displacement of the
humeral head anteriorly and inferiorly
relative to the glenoid on the AP view,
and positioning of the humeral head in
the coracoid direction (anteriorly) on

the Y-view (Figure 1-D, E).

Conversely, posterior dislocation accounts
for only 1-4% of all shoulder dis—
locations but is frequently associated
with convulsive seizures and is commonly
overlooked, with reports indicating it is
missed in up to 79% of cases depending
on the literature’. Typical X-ray
findings for posterior dislocation include
the “light bulb sign” on the AP view,
where the internally rotated humeral
head appears round (Figure 1-F), a

“rim sign” where the distance between
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Acromioclavicular ligament

Inferior displacement

Figure 1. Pathologic radiographic findings of the shoulder.

(A) Normal external-rotation anteroposterior (AP) view demonstrating intact cortical
margins of the greater tuberosity, normal acromioclavicular (AC) alignment, and
preserved glenohumeral congruency.

(B) Normal AC joint with preserved alignment between the distal clavicle and acromion.

(©) AC joint injury showing widening of the AC joint and coracoclavicular (CC)
distance, suggestive of ligamentous disruption. Anterior shoulder dislocation with
inferoanterior displacement of the humeral head relative to the glenoid on the AP view.

(D-E) Anterior dislocation on the scapular Y-view, with the humeral head
positioned anterior to the glenoid.

(F) Posterior shoulder dislocation showing the “light bulb sign” caused by internal
rotation of the humeral head on the AP view.

(G) “Rim sign” demonstrating increased distance between the humeral head and the

anterior glenoid rim, consistent with posterior dislocation.

(H) “Trough line sign” (reverse Hill—-Sachs lesion: anteromedial humeral head
impaction fracture) and “Light bulb sign” are associated with posterior dislocation.

positioned posterior to the glenoid.

Clinically, the

the medial border of the humeral head
and the anterior glenoid rim is =26 mm inability  to

(Figure 1-G), and a “trough line sign”

achieve
supination strongly suggests posterior

(reverse Hill —Sachs lesion, Figure 1-H)
corresponding to a pre—medial compression
fracture of the humeral head. On the
Y-view, the humeral head appears

dislocation.

1
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D

] = Radiocapitellar Line
Anterior Humeral Line

CRITOE (8yr)

Figure 2. Pathologic radiographic findings of the elbow.

(A) Normal anteroposterior and lateral views demonstrating appropriate ulnohumeral

and radiocapitellar alignment.

(B—C) Supracondylar fracture with disruption of the anterior humeral line and

abnormal radiocapitellar alignment.

(D—-E) Pediatric supracondylar fracture showing failure of the anterior humeral line to
intersect the middle third of the capitellum.

(F) Posterior fat pad sign indicating occult intra—articular fracture.

(G) Radial head dislocation showing loss of normal radiocapitellar alignment.

(H) Monteggia fracture —dislocation pattern with proximal ulnar fracture and asso—

ciated radial head dislocation.

(I) Normal sequence of elbow ossification centers (CRITOE): capitellum, radial head,

internal epicondyle, trochlea, olecranon, and external epicondyle.

2) Elbow

For elbow joint imaging, the basic
approach is to sequentially identify key
structures such as the capitellum, radial
head, olecranon process, trochlea, and
coronoid process on standard AP and
lateral views (Figure 2—A). The anterior
humeral line, a key reference for
alignment assessment, should normally

pass through the middle third of the

12

capitellum on the lateral view. The
radiocapitellar line must always pass
through the capitellum when extending

of the neck!®,

Failure to maintain these relationships

the centerline radius
strongly suggests a supracondylar fracture
or damage to the radial head and neck
(Figures 2-B, O).

The posterior fat pad sign, clearly
visible on lateral view, is an indirect



sign of an intra—articular fracture. In
adults, it is most commonly associated
with radial head fractures, while in
children, it is frequently linked to supra—
condylar fractures’. Supracondylar fractures,
accounting for approximately 60% of
typically
occur when the distal humerus is forced

pediatric  elbow  fractures,
posteriorly during a fall with the hand
outstretched. On lateral radiographs, the
absence of the anterior humeral line
crossing the middle third of the
capitellum (Figure 2-D, E, F) and the
posterior fat pad sign (sail sign) strongly
suggest the possibility of an intra—

articular fracture (Figure 2-G).

Radial
rare but easily missed, making early

head dislocation is relatively
diagnosis critically important. Isolated
dislocation is uncommon; it is typically
associated with a proximal ulna fracture,
such as in a Monteggia fracture —dislocation.
The most crucial radiographic finding
is disruption of the radiocapitellar line
alignment (Figure 2—-G). When accom—
panied by proximal ulna fracture, ulnar
plastic deformation in children, inter—
DRU]J
widening (Essex —Lopresti pattern), radial

osseous membrane injury, or
head dislocation must be considered.
The fat pad sign strongly suggests the

possibility of an occult fracture.

understanding CRITOE
(sequence of ossification center appearance)

Furthermore,

is essential for distinguishing normal
development from injury in the pediatric
0 (Figure 2-1). The

centers appear in the following sequence:

elbow ossification

X-ray Review in Upper Extremity

Capitellum 1-2 years Radial head 3-4
years Internal epicondyle 5-6 years Trochlea
7-8 years Olecranon 9-10 years External
epicondyle 11-12 years. If this sequence
appears abnormal, a fracture should be
suspected?.

3) Wrist
Distal radius fractures are among the

most common wrist injuries and occur
readily in the elderly even with low-—

energy trauma (falling with hand
outstretched). In children, incomplete
fracture patterns such as bending,

buckle (torus), and greenstick fractures
may present subtly, requiring particular
caution from less experienced clinicians
8131% (Figure 3-A, B). When interpreting
a normal wrist X-ray (Figure 3-C, D),
checking whether the radius—lunate-
capitate are aligned along a single axis
on the lateral view is a useful method
for quickly assessing gross malalign—

ment.

Scaphoid fractures often occur during
falls when the wrist is extended and
dorsiflexed. They are the most common
wrist fracture but are often small and
non—displaced, making them difficult to
detect on initial X-rays. If there is
marked tenderness in the anatomical
snuffbox area, a scaphoid fracture
should be strongly suspected even if the
initial X-ray is negative, and CT, bone
scan, MRI, or follow—up radiography

should be considered®.

13
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Figure 3. Pathologic radiographic findings of the wrist and hand.

(A—B) Pediatric distal radius fractures showing incomplete fracture patterns, including

torus and greenstick fractures.

(C-D) Normal wrist demonstrating colinear alignment of the radius, lunate, and

capitate on the lateral view.

(E) Scapholunate dissociation with widening of the scapholunate interval (“Terry

Thomas sign”).

(F) Lunate and perilunate dislocation showing abnormal lunate rotation (“piece of pie

sign”) and volar tilt (“spilled teacup sign”).

(G) Dorsal avulsion fracture of the triquetrum (“duck poop sign”) visualized as a

small dorsal fracture fragment on the lateal view.

Scapholunate dissociation often occurs
after a fall and is accompanied by local
swelling and pain on the ulnar and
dorsal sides. The “Terry Thomas sign”
(Figure 3-E), where the scapholunate
distance exceeds approximately 4mm
on an accurate PA view, suggests severe
ligament

scapholunate injury. Lunate

dislocation and perilunate dislocation
represent severe Wwrist injuries occurring
Delayed

treatment may lead to

in  high—energy  trauma.
appropriate
chronic pain, stiffness, and muscle
weakness. On X-ray, the “piece of pie

sign” suggesting lunate rotation, the

14

“spilled teacup sign” tilting toward the
3-F), and

radius —lunate alignment strongly suggest

palm  (Figure abnormal

these severe injuries.

Triquetral fractures are the second
most common carpal fractures, primarily
occurring when falling with an out—
stretched hand in a ulnar deviation position.
Dorsal avulsion fractures account for
approximately 95% of cases, and the
typical “duck poop sign” (Figure 3-G),
appearing as a small fragment posterior
to the triquetrum on lateral view, is

observed'®,
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Capsule Summary

Although intussusception is primarily a
pediatric diagnosis, it can occur in
adults and may be easily overlooked.
Characteristic POCUS findings, such as
the target and pseudokidney signs,
provide important clues for the prompt
early  diagnosis  of

adults

suspicion  and
intussusception  in presenting

with abdominal pain.

Clinical Case

A T74-year—-old man presented to the
emergency department with abdominal
pain and two episodes of vomiting that
began the previous evening at 10 PM.
The colicky pain was localized to the

left periumbilical region. He did not

report diarrhea. His past surgical

history  included a  Roux—en-Y
esophagojejunostomy for gastric cancer
several years ago and a laparoscopic
colectomy for colon cancer one year

prior.

Findings from the simple abdominal
radiograph, abdominal point—of-care
ultrasound  (POCUS),

CT are shown in Fig. 1.

and abdominal

Discussion
Intussusception is defined as the inva-—

gination of one segment of the intestine

into the lumen of an adjacent segment.
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While it is relatively common in children,
adult intussusception is rare, accounting
for less than 5% of all cases of intussus—
1-5% of
Pediatric

tion most commonly occurs between 6

ception  and intestinal

obstructions' ™. Intussuscep—
months and 2 years of age and typically

presents with intermittent abdominal
pain and the classic currant jelly stool.
In contrast, adults may present at any
age, and symptoms are often nonspecific,
such as abdominal pain, nausea, vomiting,
and distension. In up to 80-90% of
adult cases, a pathological lead point is
identified, most commonly tumors. Appro—
ximately 8-20% of cases are idiopathic,

often arising in the small bowel.

Plain abdominal radiography is usually
performed as an initial diagnostic tool,
which  may show signs of bowel
obstruction but is not specific for intussus—
reveal

ception.  Ultrasonography can

characteristic  findings, including the
target sign on transverse view and the
pseudokidney sign on longitudinal view
(Fig. 2)°. In children, ultrasound is the
diagnostic modality of choice. In adults,

however, image quality may be limited

—

s 1 (0.0 f/s)
T T T Y 2 1124

by abdominal wall muscle, fat, and
bowel gas. CT is the preferred modality,
as it not only delineates the location of
the intussusception but also identifies
the presence of a lead point, evaluates
bowel wall ischemia, and determines

the extent of obstruction (Fig. 3).

Unlike in children, adult intussusception
generally requires surgical resection due
to the high likelihood of an underlying
lesion. Minimally invasive laparoscopic
approaches for small- and large—bowel
obstruction, including intussusception,
have been increasingly reported®. How-
ever, recent studies have also described
transient  intussusceptions that may
resolve without surgery. Conservative
management with observation may be
appropriate when patients have no
obstructive symptoms, no evidence of
ischemia, necrosis, or perforation on
CT, and the intussuscepted segment is
short ({3-3.5 cm) with no identifiable
lead point”®. Conversely, patients with
a palpable mass, bowel obstruction,
gastrointestinal bleeding, or a definite lead

point on CT, particularly a tumor,

should undergo surgical resection.

Fig. 1. Simple abdominal radiograph, abdominal point—of—care ultrasound (POCUS), and

abdominal CT findings of the patient.

18
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Fig 2. Abdominal Point-of-Care Ultrasound (POCUS) images demonstrating small bowel

intussusception.

A. Transverse view, obtained with a convex probe, shows the characteristic target sign
(or doughnut sign) (white arrow). This sign is composed of concentric rings of
alternating hyperechoic and hypoechoic layers, representing the telescoping bowel loops.

B. The corresponding longitudinal view displays the pseudokidney sign (black arrow).
This appearance results from the proximal bowel loop (intussusceptum) being observed
telescoping into the distal lumen (intussuscipiens).

Fig 3. Computed Tomography (CT) images demonstrating small bowel intussusception.

A. Axial CT image (Transverse view) reveals the characteristic target sign(black arrow)
in the left abdomen, which is diagnostic of intussusception.

B. Coronal CT image illustrates a large, sausage—shaped mass(white arrow) representing

the intussuscepted small bowel segment. The segment is located approximately 50 cm
proximal to the ileocecal anastomosis and measures about 25 to 30 cm in length.
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Capsule Summary

A thoracic aortic aneurysm can rarely
cause acute pulmonary edema through
extrinsic ~ compression of the left
atrium. Early Point—of-care ultrasound
(POCUS) and CT imaging play essential
roles in identifying this uncommon but

clinically critical mechanism.
Clinical Case

A 50-year—old male presented to the
emergency department with a two—day
history of progressive dyspnea and
cough, followed by acute exacerbation
immediately prior to arrival. Initial vital
signs were as follows: blood pressure 168/
102 mmHg, heart rate 128 beats/min,

respiratory rate 32 breaths/min, tempera—

ture 36.9° C, and oxygen saturation 82%
on room air. Chest tightness was noted
without fever or sputum production, and
wheezing was audible on examination.
Chest X-ray and POCUS findings are

shown in Figure 1.

Discussion

Pulmonary edema was defined as “a
which
infiltrates the lung parenchyma to an
extent that
permeability to air during respiration.”.

condition in serous  fluid

markedly  reduces its
12" Among cardiogenic etiologies, conges—
tive heart failure (CHF) is the most
common, while myocardial infarction,
postoperative cardiac dysfunction, and
pulmonary hypertension are also recog—

nized as major causes.’
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Acute pulmonary edema resulting from
extrinsic compression of the left atrium
(LA) by a thoracic aortic aneurysm
(TAA) is rarely reported™®. Aortic aneu-
rysms are often asymptomatic unless
dissection or rupture occurs; however,
when sufficiently large, they may impinge
upon adjacent cardiac structures and
induce hemodynamic compromise®. External
compression of the LA reduces its

effective volume and elevates intra—
atrial pressure. This pressure rise is
transmitted retrogradely to the pulmo-
nary veins, increasing pulmonary venous
pressure and driving fluid out of the
the alveolar

vasculature into spaces,

thereby producing acute pulmonary
edema. Clinically, patients may present
with dyspnea from acute pulmonary
edema accompanied by symptoms resem—
bling heart failure. In severe cases, the

condition may progress to cardiogenic

shock.

POCUS, which can be

performed in the emergency depart—

rapidly

ment, facilitates the assessment of left
ventricular systolic and diastolic function
as well as pulmonary and pleural
findings, making it valuable in differen—
tiating the etiology of pulmonary edema.
Computed tomography (CT) provides a
comprehensive evaluation of cardiac,
aortic, and pulmonary structures and,
importantly, delineates the spatial relation—
ship between the aneurysm and the
LA. Accordingly, CT is considered the
gold standard for diagnosing TAA-
related LA compression. Initial treatment
stabilization  of

focuses on medical

22

pulmonary edema, heart failure, and,
shock.

However, definitive management requires

when  necessary, cardiogenic

surgical intervention of the aortic

aneurysm.

In this case, a giant thoracic aortic
aneurysm extending from the aorto—
mitral region to the descending thoracic
aorta mechanically compressed the LA,
thereby precipitating acute pulmonary
edema. POCUS demonstrated relatively
preserved left ventricular systolic function
and marked dilation of the proximal
aorta, suggesting a mechanism distinct
from typical heart failure —related pulmo-—
nary edema. Subsequent CT imaging
confirmed a large aneurysm arising near
the aorto—mitral junction and extend-
ing into the descending thoracic aorta,
exerting significant extrinsic pressure on
the LA (fig 2). The patient arrived in
severe  respiratory  failure  requiring
immediate endotracheal intubation. Despite
treatment with diuretics and inotropic
agents, the patient’s hemodynamic status
continued to decline, ultimately necessi—
tating transfer to a tertiary medical

center for thoracic surgical intervention.
Ethics statement

We were unable to obtain written
consent for the publication of clinical
information and imaging data due to
difficulties in communicating with the
patient and their guardian. However,
all data related to the patient's personal

information has been fully anonymized.



left atrial mechanical compression due to an aortic aneurysm ——

Fig 1. Initial chest radiograph and point—of—care cardiac ultrasound (POCUS).

A. The chest radiograph demonstrates diffuse bilateral pulmonary edema with
cephalization of pulmonary vessels. Increased interstitial markings and vascular
redistribution are evident.

B. The parasternal long—axis view demonstrates preserved left ventricular ejection fraction
with concentric wall thickening. The proximal ascending aorta(*) at the level of the left
ventricular outflow tract (LVOT) is markedly dilated, measuring approximately 6.7 cm.

Fig 2. Contrast—enhanced thoracic CT demonstrating left atrial compression by a giant
thoracic aortic aneurysm.

A. The axial CT image shows bilateral dependent atelectasis and a right pleural effusion.
A markedly enlarged ascending aorta (*) is noted. The left atrium (Black arrow) is
compressed between the dilated ascending aorta and the descending thoracic aorta (**).

B. The sagittal CT image demonstrates the left atrium (white arrow) compressed and
indented between the proximal ascending aorta (*)—measuring 6.7 c¢cm in maximal
diameter—and the descending thoracic aorta. These findings are consistent with impaired
left atrial filling and possible pulmonary venous outflow obstruction.
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Ultrasound guided management of shock
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Abstract

Shock is a frequent problem in emergency, trauma and critical care medicine. The
management of shock is contingent on the identification of its root causes.
Bedside physical examination supported by laboratory and plain X-rays is the
common approach to the assessment of shock patients but has its limitations.
Point—of—care ultrasound (POCUS) is an extremely useful tool in diagnosis and is
increasingly included as a routine patient assessment tool in shock management.
Many institutions have put together various ultrasound examination techniques
into protocols for the systematic evaluation of the shock patient. This article
reviews some of these protocols that are used in practice.

Keywords

Shock, Hypotension, Ultrasound, Protocols, Emergency, Critical Care

Corresponding author

Chun Yue Lee, MD, PhD

Acute & Emergency Care Centre, Khoo Teck Puat Hospital, Singapore
Yong Loo Lin School of Medicine, National University of Singapore

E-mail: Lee.francis@alexandrahealth.com.sg

25



s JECCI vol 1, Num 1, Dec 2025

1. INTRODUCTION

Point—of—care ultrasound (POCUS) is a
highly effective non—invasive assessment
tool in the emergency and critical care
setting and its ability for diagnosis far
out performs the standard physical
assessment. POCUS studies are goal-
directed to achieve timely diagnosis and
integration of findings into the clinical

As such, POCUS

emphasizes more of qualitative visual

management plan.

assessment and usually do not include
detailed quantitative assessment and use
of complex modalities like doppler.

The list of potential POCUS appli—
cations is large and many could be used
in the management of shock. In clinical
practice, the extent of US use in shock
management is influenced by many
factors: individual experience and skills
in US techniques; department policies
and adoption levels. This article examines
the POCUS

shock management and compares several

applications relevant to

Table 1. Causes of Shock

well-known POCUS shock algorithms.

Shock is a clinical state of tissue hypoxia
resulting from inadequate oxygen delivery.
It is often associated with acute circul—
atory failure. The hallmark of shock is
hypotension, accompanied by a synd-
rome of end organ signs of hypoxia
(altered mental status, dyspnea, cyanosis)

and the

response (tachycardia, tachypnea, cool

corresponding  physiologic
clammy extremities) to shock.

Shock has a myriad of causes and they
could be organized and classified (Table
1) according to the main pathogenesis

' The approach to shock

mechanism.
management is first to determine what are
the main contributors to the shock state
in a particular patient. In the initial assess—
ment of shock, the traditional approach
of history, physical examination, laboratory
investigations and plain X-rays forms the
cornerstone of most practice. While this
shock

complex cases, patients in extremis and whose

satisfies many scenarios;  more

Hypovolemic Cardiogenic Eétgst;ﬁiiid;ic Distributive
Blood Loss Left Ventricular Failure Cardiac tamponade Sepsis
- Trauma - Myocardial infarction Constrictive pericarditis | Anaphylaxis
- Hemorrhage - Ischemic heart disease Tension pneumothorax | Adrenal Crisis
- Drug induced Tension hemothorax Neurogenic
Fluid Loss Right Ventricular Failure | Pulmonary embolism Drug Induced

- Vomiting or Diarrhea

Myocarditis

- Dehydration Myocardial Contusion
- Burns Arrhythmias
- Fluid leak Valvular disorders
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cause is multi-factorial or unknown;
would require other modalities of assess—
ment to ensure timely diagnosis and

intervention.

3. THE ROLE OF ULTRASOUND IN
SHOCK MANAGEMENT

The two primary goals of POCUS use
in shock management are to identify
the causes of shock and assessment of
shock management and their outcomes
(US—guided
many types of POCUS applications that

resuscitation). There are
could be contribute information towards
the diagnosis of the etiology of shock

and they are discussed henceforth.

4, COMPONENTS OF SHOCK
ULTRASOUND ALGORITHMS

4.1 Transthoracic Echocardiography
(TEE)

TEE is the cornerstone examination in
most shock POCUS algorithms. The most
basic level examination is qualitative assess—
ment of cardiac function and chamber
sizes using one or more of these standard
(PLAX),
parasternal short axis (PSAX) and four
chamber (4C) views, and subxiphoid (SX)

View.

views: parasternal long axis

A visual assessment of global left ventri—
cular (LV) function could help determine
whether the cause of shock is cardio—
genic  (hypocontractile, large chamber
size) or hypovolemic (hypercontractile,

small chamber size).

USG guided management of shock e

The 4C view is primarily used to look
for right ventricle (RV)
(defined as RV to LV ratio of greater
than 1) and signs of right heart strain

enlargement

(RV  enlargement, paradoxical inter—
ventricular septal motion and tricuspid
regurgitation). Either of these criteria
can be used to rule in the diagnosis of
pulmonary embolism in patients with
moderate to high pre—test probability.**
RV strain is a sensitive indicator for
pulmonary embolism in the subset of
On PSAX,

a D-shaped left ventricle coupled with

patients with hypotension.’

paradoxical motion of the interven—
tricular septum indicates significant pre—
ssure effects of a large pulmonary em-—
bolus, compromising LV function.

As little as 15-35ml of fluid in the
pericardial cavity can be detected with
TTE* and appears as an echo—free
space behind the posterior wall of the
LV. The size of the pericardial effusion
is estimated by measuring the width of
this space in cardiac diastole with the
PLAX view and graded into mild (<10 mm),
moderate (10-20 mm) and severe (020 mm).
Minimal amounts of fluid ({5 mm)
tends to be

seen  during  systole

physiologic in nature.

The built up of intrapericardial pressure
due to size and rapidity of pericardial
effusion accumulation cause cardiac
tamponade with demonstrable features
on TEE! right

ventricular collapse, left ventricular collapse

atrial  collapse, right

or a “swinging heart”. These signs often

pre—date the development of hemody-
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namic compromise and prompts for

early intervention and potentially influence

clinical decisions and patient outcome.>®’

TEE has a low sensitivity for diagnosing
thoracic aneurysms. Occasionally, these
may be inferred by the abnormal dila—
tation of the aortic root or an enlarged
descending thoracic aorta.® The aortic
arch and its branches could be further
evaluated through a suprasternal approach.*'
The uncommon visualization of an
intimal flap in the aorta implies aortic

dissection.
4.2. Inferior Vena Cava

In POCUS, the visual assessment of the
IVC diameter gives clues to the possible
mechanism of shock. A small, collapsed
IVC with “kissing walls” suggests a state
of hypovolemia. A large and distended
IVC may indicate possible cardiogenic or
obstructive shock but must be interpreted
in relation to the clinical state of the
patient and further
TEE findings. Quantitative IVC exami-

nations in shock assessment is discussed

information from

in the section below.
4.3. Abdominal Aorta

US is an accurate means of assessing
the size of the abdominal aorta and
detection of abdominal aortic aneurysm
(AAA).M12 AAA is more common in
persons greater than 50 years old.’* A
diameter of 3 c¢m is usually used as a
cut off for abdominal aortic dilatation.'

The size of the aorta has a good
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correlation to rupture potential,’® with

the risk

diameter of 5 ¢cm and beyond. Specific

increasing sharply with a
US signs of AAA rupture other than retro—

peritoneal hematoma are not always found.'®

It has been shown that emergency depart—
ment US improves time to diagnosis,
time to operating room and survival in

ruptured abdominal aneurysm."’

4.4, Peritoneal Spaces

Visceral  bleeding into the intra-
peritoneal compartments, traumatic or
atraumatic,'® is discoverable by US exami-
nation. The technique for investigation
is a comprehensive study of 3 key areas of
the abdomen: the right upper quadrant
for Morrison’s pouch or hepatorenal
upper
sub—diaphragmatic and splenorenal space;

space; left quadrant for the
the suprapubic region for the pouch of
Douglas for females and rectovesical space
for males; an approach that was recom—
mended in the Focused Assessment for
the Sonographic examination of the Trauma
patient (FAST) protocol.”

While the FAST examination for intra—
peritoneal free fluid was developed for
trauma, it can be applied in shock
caused by spontaneous hemorrhage or
states of intra—abdominal fluid leak, such

as in severe dengue.”’

4.5. Deep Vein Thrombosis (DVT) Scan

As pulmonary embolism is a potential

cause of obstructive shock, the inclu—



sion of a DVT scan is recommended

in some protocols. The assessment
method adopted is the graded compre—
lower limb

ssion of the proximal

2l \While some practice calls for

Veins.
tracing the entire length the femoral
vein to its entry into the Hunter’s
canal, a 2-point compression of the
common femoral vein (CFV) and the
popliteal vein (PV) often adopted for
POCUS studies is timely and accurate
for DVT diagnosis.”? Detailed studies
of the leg veins and doppler evaluation
are not within the scope for POC

studies.
4.6. Lung

The complex heart—lung interactions
underpin the need to add lung US in
2 One of the first

uses of lung US is for the detection of

shock evaluations.

pleural effusion.”* The presence of a
large pleural effusion, interpreted in the
context of other lung US and echo-
cardiographic findings® could lend support
to the diagnosis of the cause of the
shock state. Massive effusions accumu—
lating over a brief period, albeit rare,
could also cause obstructive shock.??’
In trauma, the findings of a pleural
effusion [820] can signify chest trauma

as the possible cause of hypovolemic

shock.

Tension pneumothorax is the signature
condition where increased pleural press—
ures lead to shock.”’ The detection of a
loss of lung sliding and absent B-lines

(ring—down artifacts in LUS) establishes

USG guided management of shock

the diagnosis of a pneumothorax. In US
guided trauma assessment, the search

for pneumothorax was later added to
the FAST in the protocol called EFAST.®

Lung US could be used to demonstrate
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the acute interstitial syndrome,
used to describe the US findings of
extensive number of B-lines in the lungs.
A bilateral acute interstitial syndrome is
seen  cardiogenic  pulmonary  edema,
bilateral pneumonias (often in viral and
atypical pneumonia) or an acute lung
injury producing acute respiratory distress
syndrome (ARDS). Bilateral pneumonias
and ARDS give a patchy distribution of
B-lines with areas of parenchymal sparing,
subpleural consolidations and abnormal
pleural line as opposed to cardiogenic

pulmonary edema.*

While

examinations

most protocol suggest point

(usually upper anterior
and lower lateral lung field) of the
lung, increasingly a more compre—
hensive examination of lung that allow
better understanding of the distribution
of lung pathology is advocated,®

especially in the context of septic
shock where the lung could be primary

affected organ.
4.7. Point—of—Care Pelvic Ultrasound

In women of child-bearing age, ectopic
pregnancy is one of key abdominal
emergencies leading to hypotension and
shock. As part of the diagnostic workup
of shock or abdominal pain in this

sub—group of patients with b-HCG
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positive results, a pelvic US is extre-

I** in demonstrating one of

mely helpfu

the following findings:

e Detection of significant amounts of
free fluid in the pouch of Douglas
and adjacent areas

o Demonstrating the absence of an
intrauterine pregnancy (IUP)

e Demonstrating the presence of an

ectopic pregnancy

For the POCUS practitioner, the first

feature offers a quick but indirect
evidence of ectopic pregnancy. This is
often extended to include a FAST-type
of examination to assess the severity of
intra—abdominal bleeding. A trans ab-
dominal US approach to demonstrate
the absence of an intrauterine preg—
nancy (IUP) is an additional exam-—
ination modality that could be added

to shock assessment protocols.™

The US detection of an ectopic preg—
nancy is not found in most POCUS
protocols as it requires extensive ex—
perience and training in pelvic scanning,.
Likewise, US diagnosis of specific
gynecologic emergencies such as ova—
rian cyst rupture, torsion and pregnancy
—related shock states are not in scope

for the same reasons.

5. ULTRASOUND PROTOCOLS FOR
SHOCK

The relevant POCUS modalities com-—

bined into a concerted protocol pro—

systematic  and

It has

been shown that using a goal directed

vides an organized,

effective way to evaluate shock.
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US approach leads to more timely and

accurate diagnosis in patients with
undifferentiated hypotension.*® To date,
there are many protocols available, all
sharing similar key components of US
examinations and only small variations

exist between them.
5.1. Early Diagnostic Protocols

The FAST' examination is one of the
earliest published algorithm that use US
for assessment in patients with shock.
In this protocol, the primary goal is the
detection of hemoperitoneum and hemo—
pericardium to infer the presence of
organ injuries. In the application of this
scanning regime on 1540 patients for
the detection of bleeding, the overall
83.3% and
The highest sensitivity and

sensitivity was specificity
was 99.7%.
specificity was observed in two clinical
subgroups: patients with precordial or
transthoracic wounds (sensitivity 100%,
specificity 99.3%) and blunt torso trauma
patients who were hypotensive (sensi—
100%, 100%). US-

inclusive assessment of blunt torso trauma

tivity specificity
was shown to decrease time to operative
care, reduce resource use (length of stay,
CT scan utilization) and lower com-—

plication rates.”’

The Undifferentiated Hypotension Patient
(UHP) US protocol® is the first published
US algorithm for shock assessment. The
authors suggested the 3—view sonographic
study comprising of: subxiphoid cardiac
examination for qualitative activity and

clinically significant pericardial effusion;



Morrison’s pouch—only study (c.f. FAST)
for free intraperitoneal fluid assessment;
and a focused examination of the ab-—
dominal aorta for aneurysm. The aim
is to provide a quick and systematic way
to find reversible causes of hypotension
in situations where the clinical history

is limited.

The Trinity Protocol,” developed as a
standardized institution based approach
to non-—trauma shock evaluation, has
combined elements of the FAST and
UHP exams. In a much more compre—
hensive approach: the heart is examined
in PLAX and PSAX orientation; the
abdominal aorta studied at proximal,
mid and bifurcation levels; the hepa-—
torenal, splenorenal and suprapubic views
of the FAST examination, and scanning
of the the lower lungs for effusion; were

included.
5.2. Later Diagnostic Protocols

Later shock POCUS protocols continue
the theme of a comprehensive eva—
luation for shock with slight variations
to the sequence and extent of exami-
nations.

The Rapid Ultrasound for Shock and
Hypotension (RUSH) concept by Weingart
et al in 2006% examined the heart in
PLAX and PSAX with an additional
4—chamber view and the potential torso
FAST-type of
examination. [VC assessment was added

fluid spaces with a

as to help define where a shock state is

hypovolemic or obstructive in nature.

USG guided management of shock

Aorta is examined at three levels as in
Trinity. The lung scan for effusion and
pneumothorax was included. In the later
rendition of the protocol, DVT scans

with a 2—point compression technique was

also added.

Rapid Ultrasound in Shock (RUSH)? is
a comprehensive protocol which con—
ceptualized the examinations into themes:
pump (cardiac function and pathology),
tanks (potential fluid spaces in the
torso) and pipes (assessment of aortas,
IVC and lower leg veins). Of special
mention is the discussion about the
diagnosis of thoracic aortic dissection
via the examination of the aortic root
in PLAX cardiac study and a supra—
sternal examination of the aortic arch.
Examination of the lung for pulmonary
edema and consolidations were also
mentioned. RUSH applied on emergency
department patients with undifferen—
tiated shock was found to have a high
correlation ~ with  final  diagnosis.*!
Ghane et al showed differences in the
diagnostic performance of RUSH on
different type of shock with the highest
agreement of US versus final diagnosis

for obstructive and cardiogenic shock.*

The Fast and Reliable protocol® is like
RUSH by Weingart et al but added
scanning for ectopic pregnancy, through
the demonstration of an absent TUP.

Several US diagnostic protocols are
centered on transthoracic echo cardio—
graphy examination. Focused Assessed
Transthoracic Echocardiography ~(FATE)*
i additional

is classic example with
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of the

(chamber dimensions and ejection fraction

quantitative assessment heart

calculation).

SIMPLE* is a goal—directed shock assess—
ment protocol which primarily examines
the heart but includes scanning for
pleural effusion and the abdominal aorta

at the level of epigastrium.

SEARCH 8E* is a POC algorithm developed
not just for hypotension but also for
the diagnosis of chest pain and dyspnea.
It has a very compre hensive approach
to lung scanning, adapted from Lichten—
stein’s BLUE protocol.*® This protocol
was shown to narrow the number of
differential diagnoses, improved diag—
nostic confidence of physicians and
had high reliability indices. A detailed
comparison of these protocols is sum-—

marized in Table 2.

5.3. Ultrasound for guiding shock
resuscitation

One of the cornerstone of shock resus—

citation is to determine whether a
patient is likely to benefit from fluid
therapy. Fluid responsiveness is a concept
of adequacy of preload reserves and
could be defined as a 15% increase in
stroke volume after a 500ml fluid challenge.”’
US has a useful role in assessing this in

a non-—invasive manner.
Quantitative IVC Assessment

The diameter of the IVC (D) has a

correlation with intravascular volume
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and varies with the respiratory cycle,

collapsing (Dmin) during inspiration
and expands (Dmax) during expiration.
These numbers could be used to derive
the caval index or collapsibility index,
(Dmax—Dmin)/Dmax x 100. While the
index is often touted as a good guide
for fluid responsiveness, large variations
in IVC diameters in human subjects**
and technical challenges in accurate
measurement’’ obviate the usefulness of
this tool in spontaneous breathing patients.
In mechanically ventilated patients, the
use of the distensibility index, (Dmax-—

Dmin)/Dmin x 100%, is more predictive.’’

Echocardiographic assessment

Dynamic assessment of stroke volume
(SV) using transthoracic echocar dio-
graphy is a promising method for deter—
mining pre—load reserves. SV is derived
from the measurement of the Velocity
—Time Integral at the left ventricular out—
flow tract via an apical 5—chamber view
of the heart.®® The changes in SV after
fluid administration™ or passive leg raise™*
gives an accurate prediction of fluid

responsiveness.

Static echocardiographic measurements
of intracavitary pressures and chamber
in  fluid

dimensions are not useful
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Fluid Administration Limited by Lung
Sonography (FALLS) protocol

The Fluid Administration Limited by
Lung Sonography (FALLS) uses lung
US to determine the fluid tolerance
with the development of B-lines (inter—
stitial edema) in the anterior lung field as

an endpoint for fluid resuscitation.”®

6. CONCLUSION
In the
diagnosis and

critically ill  patient, timely
intervention of shock
greatly influences outcome. To achieve
this, the clinician should adopt a goal
directed

assessment of the patient, supported by

approach ~ towards  the
a fast but comprehensive US exami—
nation. It is with this goal that US protocols
are developed. This review presented
several protocols that could be easily
adapted and incorporated into clinical

practise.
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Application of the point-of-care ultrasound during resuscitation
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Abstract

Identifying the underlying cause of cardiac arrest represents the one of the greatest
challenges of managing patients with asystole or pulseless electrical activity (PEA)
and accurate determination has the potential to improve management by guiding
therapeutic decisions. Point—of—care ultrasound (POC ultrasound) is currently the
only radiographic modality with the potential to guide management in real time,
at the bedside, during cardiac arrest without interfering with resuscitation. POC
ultrasound can differentiate true PEA from pseudo PEA. It also aids in the
diagnosis of the most common and easily reversible causes of cardiac arrest;
severe hypovolemia, cardiac tamponade, pulmonary embolism and tension
pneumothorax. These diagnoses cannot be made with standard physical
examination or the electrocardiogram. Therefore, POC ultrasound can decrease the

time between arrest and appropriate therapy.
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Table 1. Various critical conditions and their assciated point—of—care ultrasound findings.

Condition

Point—of—care ultrasound findings

Severe
hypovolemia

Small, collapsible inferior vena cava

Impaired Right ventricular free—wall function, with or without intact apical function

Small left ventricular end-diastolic and end—systolic area

Left ventricle cavity obliteration (“kissing”papillary muscles)*

*

Tamponade Pericardial effusion
Chamber collapse
Right atrium collapse in systole™
Right ventricle collapse in diastole*
Variability in mitral O 25%) or tricuspid (0 40%) inflow velocities™
Pulmonary Clot in main pulmonary artery™
embolism Dilated right ventricle
Systolic septal flattening (“D—shape’sign) *
Tension Lung sliding sign (-)
pneumothorax  Stratosphere sign (+)

Lung point (+)*

* These findings are difficult to be seen during resuscitation.
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Figure 4.

Point—of—care  ultrasound  image  of
pericardial  effusion  with ~ tamponade
physiology. Large amount of pericardial
effusion (A), Right atrial and ventricular
collapse (B), Variation of transvalvular
flows (vary with respiration) (C).
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Figure 5. Point—of-care ultrasound image in acute right heart failure due to pulmonary
embolism. Parasternal short axis view. The left ventricle (LV) is compressed by
the right ventricle (RV) (D-shape LV). This is due to acute pressure overload
and dilatation of the RV (A). Apical four—chamber view. Notice the massive
enlargement of both right chambers when compared to the left side of the heart.
Note that LV is in fact orientated to the left side of the screen in this view (B).
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normal granular pattern is replaced by horizontal lines (stratosphere sign) (B).
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Figure 7. Flow diagram demonstrating use of advanced life support—-compliant point—

of—care ultrasound algorithm.

| Unresponsive pulseless patient |

¥
| Non-shockable rhythm | | Shockable rhythm |
v
[ 30:20r2mincPR | | Difibrillation |
¥
[ pocus(3~5sec) |
I
v v ¥ ¥
Pericardial effusion Smallchamber Enlarged RV Normal
Chamber collapse SmalllVC Flat LV
v
Pericardiocentesis || IV crystalloid || Systemic tPA || Lung US |
¥
Lung sliding(-)
Normal Bar-code sn (+)
¥
Consider Thoracostomy

Hypoxia, Hypothermia, Hydrogen ion
Hypo/hyperkalemia, Toxin, Ml

CPR: cardiopulmonary resuscitation, POC US: point—of—care ultrasound, IVC: inferior

vena cava, RV: right ventricle, LV: left ventricle, TV: intravenous, tPA: tissue plasminogen

activator, MI: myocardial infarction.
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Thoracic imagings in emergency room patients
with acute dyspnea or chest pain

5% / zAgEE st st
Dong Hun Kim / Department of Radiology, Chosun University, College of Medicine

Abstract

Chest radiography and CT have important roles in large parts of diagnosing
diseases and planning treatment strategy. Although various imaging technologies
have developed, plain chest radiography and CT are keeping primary imaging
practice field under emergent circumstance. Many clinicians meet often two
problems in reading plain chest radiographies and CT scans. Perception and
interpretation are their challenges. For overcoming, clinicians should have interests
in learning imaging anatomy of chest and differential imaging points in various
diseases. In emergent room, plain chest radiographies are taken first in non-
traumatic patients with dyspnea or chest pain. Clinicians want to make a specific
and accurate diagnosis but more imaging modalities such as CT, MRI, US, and
interventional guided imaging may be used. Especially, chest CT scan should be
done in most cases. Plain chest radiography help clinicians to understand basic
imaging patterns of chest diseases and decide to take CT which is a strong power

on diagnostic chest imaging.
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Chest, Chest pain, Computed tomography, Dyspnea, Plain X-ray, Radiograph,
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Thoracic imagings in ER with acute dyspnea or chest pain ——
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Figure 1. 30-year—old male with pulmonary edema after exposure to chemical fume

Chest radiograph (A) and coronal scan of chest CT (B) show ill-defined nodular
opacities and smooth interlobular septal hickening (arrows). Reticular pattern confined
as interlobular septal thickening makes outline of 2ndary pulmonary lobules.
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U A

Figure 2. 89-year—old female with dyspnea

Plain chest radiograph (A) and coronal scan of chest CT (B) show pneumonic

infiltration and atelectasis presenting different attenuations. Ground glass opacity

(GGO) that is increased hazy opacity without obscured underlying vessels (arrow) and

consolidation with obscured underlying vessels (dashed arrow) are seen in both lungs.
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Thoracic imagings in ER with acute dyspnea or chest pain — —

drggjopyd = SobgA #Y, A= 1t HE {25 e Hof, o], HxF,
d, AR Y FF o2 WAL & FIToNA Holn FEHA4 HER S
ULt =B FAFO] AWFo] F AIRIOES, ol HIEHAAM AF
A% e Uehyriz gt 353 Hoxuh RS Bt Y we F4
B A FAFol FF T YR olFst T Aol I TAF, X TEE, F
= 4% ol "HolE, &4, 715 A H TAFAA LAst=d 7 FE 5
o HESF 5 AT L W dHe B4 &dhe FREEAA 7St 1 4
Fog TANH(Fig. 4B). A= H= o AL duF FAF, PAAF
Al AletdEoz AH FAFS A & WAATYE Holdo] qdar, A]llA
ol ot Aol olFst] FAF o = A AR ofsoldE 34 HITW
T FARE FEE Hol7|k gtk Z(cystic hygroma)e] Wt} S+ 45
o= Holdt, HxE, FUWRF o] FE
e A HERO AA Hols  WAsty ¥ FAFoNAE= AAA F
AMEFHRIEE A=A Aol  &f, Holet, EFoly AT 54 5l
oglgS JHAt. HeWiudd, He, o gt
ol dxd 9 fguFFof ot H¢
o =

Figure 4. Mediastinal widening and shifting

A. In 54-year—old male with diffuse large B cell lymphoma, chest radiograph shows
mediastinal widening mimicking right aortic arch (arrow) and both pleural
effusion.

B. In 18-year—old male with spontaneous massive amount of pneumothorax (dashed
arrows), chest radiograph demonstrates mediastinal shifting rightly and mild
tracheal buckling (arrow).
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Figure 5. 54—year—old male with large amount of right pleural effusion

A. Cheat radiograph shows bulky high density forming obtuse angle with the right

pleura (arrow) meaning extrapulmonary pleural lesion.

B. Coronal scan of chest CT in same patient shows more clear obtuse angle with

pleura (arrows) and passive atelectasis of right lower lung (asterisk).
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Figure 6. Triple— Rule-Out (TRO) CT in emergent room

A. Fused 3—-dimensional (3D) cardiac reconstruction and coronal scan show TRO CT

that evaluate coronary arteries for acute coronary syndrome, pulmonary artery for

pulmonary thromboembolism and aorta for acute aortic syndrome.

B. 3D arteriography in TRO CT presents clear ascending thoracic aorta without

motion artifact due to ECG-gated scanning. If a dissection was diagnosed, you

can see the extent of dissection flap accurately.
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Reform of National Health Insurance for ultrasonography

HeA / TEHEY AFEEHEFTRAT

Tae Sik Kim / Department of Thoracic and Cardiovascular Surgery, Hallym Hospital

Abstract

Korean people had paid the the whole cost of ultrasonography examinations even
in the National Health Insurance over the past 20 years until 2013. The National
Health Insurance has included the ultrasonography examinations in 2013. As part
of the government's policy to reinforce the support of the four major illnesses, 47
diagnostic examinations of ultrasonography were newly established as insurance
benefits. In October 2016, the first amendment of the ultrasonography’s insurance
system was reached.

The reform of insurance system for ultrasonography examination was published in
August and September 2016 as the insurance cost law(No. 2016-149), the
regulation law(No. 2016-175), and the demanding method law(No. 2016-184),
and then has been in effect since October 1, 2016.

One of the most particular features in this reform was more specific to reality.
Forty—seven examinations for diagnostic ultrasonography were subdivided into 58
examinations, and guiding ultrasonography for procedures was newly established.
Emergency and critical care ultrasonography and basic ultrasonography for special
medical situations were also newly established. The non—payment examination was
expressed in a single line in the previous system, but it was reorganized into 10
examinations in this reform.In addition, the standard of ultrasonography
examinations for upper and lower extremities were revised from single side to
both side,and some points were added to examinations using the Doppler method.
Many academics and government officials over the past year or so have made
in—depth discussions for this reform system that still have issues to address. A
more realistic and forward—looking system will be hoped to be discussed for

improving the overall welfare of the people.
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Table 1. Reformed main aspects of National Health Insurance for ultrasonography (from

the unpublished educational data of Health Insurance Review and Assessment

Service)
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Table 2. Comparison of previous and reformed systems of National Health Insurance for
ultrasonography (from the unpublished educational data of Health Insurance
Review and Assessment Service)
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Table 3. Classification and Contentsof Basic Ultrasonography
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Table 4. Classification of Emergency and Critical Care Ultrasonography
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Table 6. Guiding Ultrasonography For Procedure and related procedures
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Figure 1. Example of application of Emergency and Critical Care Ultrasonography for

cardiac arrest
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