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INTRODUCTION

Although we believe the future of emergency medicine (EM) remains bright, short-term fore-
casts are clouded by concerns regarding the 2022 and 2023 Match results and projections of a 
future surplus of emergency physicians (EPs) [1–4]. On social media, at national conferences, 
and within our own emergency departments (EDs), our specialty’s trajectory is a common con-
versation piece with heated opinions. But key questions remain: what got us here and where are 
we going?

THE (UN)EXPECTED MATCH RESULTS

For many, the 2023 Emergency Medicine Match results came as a surprise. As others have com-
mented, 554 initially unmatched positions in the 2023 Match should have been expected [4]. 
Amidst a growing controversy over the EP workforce, the Match heightened concerns from many 
about our specialty’s future [2–5]. However, an important caveat to the Match results are that 
EM—compared to most other specialties—has one of the fastest 5-year rates of growth in num-
ber of new residency programs [6]. Since joining the National Registry Matching Program in 1983, 
EM has added positions to the Match each year [7]. In 2018, EM offered 2,278 positions and, 
since then, it has added 732 new positions—a 32% increase! This increase outpaces other spe-
cialties (e.g., from 2018 to 2023 internal medicine, surgery, and pediatrics had a 29%, 27%, and 
8% proportional growth, respectively) [7,8]. 
 Reasons for the accelerating growth in EM residency positions are multifactorial. First, the 
migration of osteopathic programs to the Accreditation Council for Graduate Medical Education 
(ACGME) under the Single Accreditation System (SAS) from 2015 to 2020 resulted in the inclu-
sion of osteopathic programs [9]. Second, there has been a rapid increase in the number of new-
ly accredited residency programs [10]. This includes an increasing number of programs at insti-
tutions without a major teaching hospital affiliation and programs sponsored by for-profit hos-
pitals [5]. These new programs are disproportionately added to areas with an already existing 
density of EM programs (Fig. 1) [5,10]. 
 The lack of major teaching hospital affiliation among newly accredited EM residency programs 
is troubling [5]. Teaching hospital EDs tend to have higher visit volumes and more often provide 
complex, higher acuity care by nature of their status as referral centers. This offers EM residents 
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training in specialized, multidisciplinary care. However, there are 
a finite number of teaching hospitals with the necessary infra-
structure to create the academic environment for an EM residen-
cy. Compared to EM programs with a major teaching hospital af-
filiation, more recently launched EM programs based at hospitals 
without a major teaching hospital affiliation are less likely to be 
designated as a trauma, stroke, or burn center [5]. We acknowl-
edge that teaching hospitals are less likely to be located in rural 
settings; thus, in medically underserved areas, teaching hospital 
affiliation may not need to be a prerequisite for EM residency ac-
creditation. However, alternate indicators of the breadth and com-
plexity of training opportunities should be met. Unfortunately, 
annual ED visit volumes at some newly accredited residencies’ 
primary site—the ED where the program is based and where resi-
dents spend most of their time—are consistently below the ACG-

ME’s minimum threshold for annual visit volumes [5]. These low 
volumes raise concerns about the quality of the educational envi-
ronment for EM residents in these programs. Moreover, these data 
suggest that some of these programs do not meet ACGME Com-
mon Program Requirements [5].
 Another key driver of the growth in EM residencies is the grow-
ing role of for-profit entities in academic EM [1,2,11]. As an ex-
ample, the publicly traded hospital operator Hospital Corporation 
of America (HCA) accounts for a sizable share of all newly accred-
ited EM residency programs in the United States. Beyond EM, HCA 
sponsors more than 5,300 residents and fellows in more than 300 
residencies and fellowships [12]. Of equal concern is the rise of 
private equity ownership in EM physician groups, which is esti-
mated to affect 25% to 40% of all US EDs [13]. Concerns have 
been raised regarding staffing models at institutions affiliated 
with for-profit entities—in particular, that low physician staffing 
may adversely impact time and resources available for resident 
education and potentially even adversely impact patient care [14, 
15]. The role of for-profit entities places health care facilities at 
higher financial risk, increasing the likelihood of disruptions to 
EM residency training. The rapid closure of the Summa Health and 
Hahnemann EM residencies in 2019 are cautionary tales where fi-
nancial decisions inflicted direct harm on resident education [16]. 
The recent bankruptcies of two of the largest EM staffing firms—
both backed by private equity—in the wake of the 2022 No Sur-
prises Act raise questions about the continued role of for-profit 
entities in EP workforce and training [17,18].

THE EP WORKFORCE (AND ATTRITION 
FROM IT)

Another potential factor in the 2023 Match outcome was a 2021 
report projecting an overall surplus of EPs in the United States by 
2030 [3]. The “overall” aspect of this surplus is important; a key 
assumption of this work was uniform rates of attrition (with an-
nual attrition estimated to range from 2%–4%). We believe that 
a single national projection is overly simplistic and there are mis-
matches in where EPs are needed and where they desire to live. 
Although the EP workforce continues to grow overall, there is per-
sistent regional variation in both EP supply and EP demand [19]. 
Specifically, urban markets are increasingly saturated and projec-
tions of surpluses in these markets are likely correct [19,20]. But 
there are also EP “deserts” in large swaths of the country [20]. 
Much of rural America has either insufficient or absent access to 
EP care (Fig. 2) [20,21]. This includes even more limited access to 
EPs with EM residency training and EM board certification [21,22]. 
Recent work demonstrates that this desert continues to grow as 

Fig. 1. US state-level change in number of emergency medicine programs 
(2017–2022).
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the proportion of EPs working in rural areas decrease [20]. There-
fore, rural EP shortages are likely to worsen in the coming years.
 This widening rural-urban gap is largely driven by an older pop-
ulation of rural EPs who are nearing the retirement age and leav-
ing the clinically active workforce [20–22]. It is exacerbated by 
evidence demonstrating that residency graduates are likely to con-
tinue practicing in urban and suburban environments similar to 
their training programs [10,23]. Since most new residency pro-
grams are not in underserved rural areas, the vision of every per-
son seeking emergency care being seen by an EM-trained (and 
EM board-certified) EP seems less and less feasible [24]. Regard-
less of the drivers, the end result is the same—an increased reli-
ance on nonphysician providers and non-EM board-certified phy-
sicians [25,26]. 
 Another equally important assumption is that the 2021 esti-
mate of 2% to 4% annual attrition among EPs is based on data 
from 2013–2019 [3]. More recent evidence suggests the annual 
rate of EP attrition is at least 5% [27]. Alarmingly, attrition during 
early stages of the COVID-19 pandemic was more than 8% over-
all—and even higher for EPs without EM board certification (11%) 
and those in rural locations (11%) [27]. Given the ongoing stress-
es of COVID-19, burnout, crowding, boarding, the rise of hallway 
medicine, and attrition rates are likely to remain higher than prior 
estimates. 

THE 5 (AND 10) YEAR HORIZON

The current trajectory suggests that an increased number of EPs 
will enter into the clinically active workforce and, with more EM 
residency programs added each year, the total number of EPs en-
tering the workforce will grow each year [10,20]. Although some 
residency programs may close, the rate of new program growth 
will likely result in an overall net gain in EM residency programs 
[5,10]. This growth will be primarily in urban markets—and reflex-
ively EPs will do what they do best and accommodate. Those who 
desire to work in competitive markets will find novel ways to pro-
vide emergency care (e.g., telehealth) and for some, expand what 
we now consider our scope of practice. Meanwhile, many rural 
Americans will continue to receive emergency care by persons 
without either EM residency training or EM board certification, or 
nonphysician providers. 
 We believe the 2023 Match results are a natural extension of 
workforce and market factors. While it is possible that the un-
filled slots will eventually lead to a “reset” and closure of EM resi-
dency programs with persistently unmatched positions, the com-
ing years may be a painful transition. To mitigate future adverse 
impacts, policy solutions and action are needed. Simply waiting 
for programs with persistently high rates of unmatched positions 
to close will not resolve the underlying issues that led to the cur-
rent situation. We recommend critically examining and strength-
ening ACGME accreditation requirements, which are currently 

Fig. 2. US state-level emergency physicians (doctor of medicine) per 100,000 population in 2020.
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undergoing revision. We also believe more research is needed to 
evaluate the impact of for-profit entities on EM training and that 
all national EM organizations should jointly advocate for greater 
transparency in this regard. Finally, it is important to create and 
promote incentives for board-certified EPs to practice in rural and 
underserved areas, including Public Service Loan Forgiveness pro-
grams [20]. The specialty of EM is at a critical inflection point. 
While we have no doubt it will survive, now is the time to advo-
cate together for changes that secure a bright future for our spe-
cialty.
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Artificial intelligence (AI) and machine learning (ML) have potential to revolutionize emergency 
medical care by enhancing triage systems, improving diagnostic accuracy, refining prognostica-
tion, and optimizing various aspects of clinical care. However, as clinicians often lack AI exper-
tise, they might perceive AI as a “black box,” leading to trust issues. To address this, “explainable 
AI,” which teaches AI functionalities to end-users, is important. This review presents the defini-
tions, importance, and role of explainable AI, as well as potential challenges in emergency medi-
cine. First, we introduce the terms explainability, interpretability, and transparency of AI models. 
These terms sound similar but have different roles in discussion of AI. Second, we indicate that 
explainable AI is required in clinical settings for reasons of justification, control, improvement, 
and discovery and provide examples. Third, we describe three major categories of explainability: 
pre-modeling explainability, interpretable models, and post-modeling explainability and present 
examples (especially for post-modeling explainability), such as visualization, simplification, text 
justification, and feature relevance. Last, we show the challenges of implementing AI and ML 
models in clinical settings and highlight the importance of collaboration between clinicians, de-
velopers, and researchers. This paper summarizes the concept of “explainable AI” for emergency 
medicine clinicians. This review may help clinicians understand explainable AI in emergency con-
texts.
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What is already known
Artificial intelligence (AI) and machine learning have potential to revolutionize 
emergency medical care, enhance triage, diagnosis, prognostication, and many 
aspects of clinical care. However, as clinicians often lack AI expertise, they 
might perceive AI as a “black box”, leading to trust issues. To address this, “ex-
plainable AI”, which makes AI functionalities comprehensible to end-users, is 
important. This review introduces the definitions, importance, and role of ex-
plainable AI, and potential challenges in emergency medicine.

What is new in the current study
This paper summarizes the concept of “explainable AI” for emergency medicine 
clinicians. This review may help clinicians understand explainable AI in emer-
gency contexts.
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INTRODUCTION

Artificial intelligence (AI) and machine learning (ML) are powerful 
technologies that have the potential to improve medical care [1]. 
AI refers to the broader concept of technology being able to carry 
out tasks in an autonomous and smart way, encompassing a vari-
ety of technologies, while ML is a subset of AI focused on the idea 
that machines can learn from data, identify patterns, and make 
decisions with minimal human intervention [1–4]. Particularly in 
emergency medicine, AI and ML are expected to play critical roles 
in accelerating triage, diagnosis, and prognostication to optimize 
individual patient care through the input of clinical information 
and/or image recognition [2,4–8]. Furthermore, streamlined clini-
cal documentation or recording using natural language process-
ing is expected to make these tasks more efficient [9–11]. These 
technologies will also contribute to drug discovery, patient moni-
toring, resource allocation, and epidemiological surveillance [12–
15]. 
 Despite expectations that emergency physicians will become 
general users of AI and ML in the near future, critics are doubtful 
whether they can trust and rely on AI and ML models [16]. Physi-
cians are usually not experts in AI and may not have an in-depth 
understanding of it or ML. When an AI model outputs a medical 
classification or prediction, without necessarily “explaining” the 
underlying process or showing the variables and weights driving 
the prediction, physicians who are not familiar with AI algorithms 
may perceive an AI model as a “black box.” Such a situation may 
lead to doubt and mistrust in AI output, a major challenges for 

implementation of AI and ML tools in clinical settings [17].
 To address these concerns, the concept of “explainable AI” has 
been highlighted as a possible solution for successful implemen-
tation of AI and ML in medical practice [18–20]. Explainable AI 
aims to teach the functioning of AI systems to end-users, research-
ers, or developers [18–20]. As more accurate, complex models are 
developed, it may become increasingly difficult to understand how 
they work. This review introduces the definitions, importance, and 
role of explainable AI and covers potential related challenges in 
emergency medicine. 

WHAT IS TRANSPARENCY, INTERPRETABILITY, 
AND EXPLAINABILITY IN AI? 

Before discussing the concept of “explainability,” we introduce 
the terms “interpretability” and “transparency” [18–20]. While 
these terms have distinct meanings, they are sometimes mistaken 
for explainability. AI models are often labeled as a “black box,” sug-
gesting a lack of transparency, as shown in Fig. 1A [21]. In an opa-
que model, the conversion of an input to an output is invisible, 
making it challenging for users to understand the process. In con-
trast, transparent/interpretable models allow users to understand 
how inputs are processed to produce outputs to observe opera-
tion of a model, as shown in Fig. 1B. As shown in Fig. 2, straight-
forward models like linear regression with a limited number of 
variables or a decision tree with a few branches are easier to un-
derstand [21]. 
 Explainability is different conceptually. Arrieta et al. [19] sug-
gested that, “Given a certain audience, explainability refers to the 
ability of a model to show details and make its internal function-
ing clear or easy to understand.” This definition emphasizes the 
audience’s perspective, which can vary by background, experienc-
es, and capacities, resulting in different needs of explainability in 
ML. While explainability is inherent in transparent models, it is 
also tied to post hoc explainability, as shown in Fig. 1C. This con-
cept refers to techniques that provide a rationale or explanation 

Fig. 1. Black box, transparency, and post hoc explainability. (A) Black-
box model. (B) Transparent model. (C) Post hoc explainability. VF, ven-
tricular fibrillation; CPR, cardiopulmonary resuscitation.
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Fig. 2. Decision tree model to predict the possibility of survival. You can 
trace the algorithm to generate the output without any computers or 
devices. VF, ventricular fibrillation.
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to support user understanding of model operation even if the model 
itself is noninterpretable (often referred to as a “black box”); this 
may be achieved by providing text or a visual explanation, etc. [22]. 

WHY IS EXPLAINABLE AI NEEDED IN  
EMERGENCY MEDICINE?

There are four main reasons why explainable AI is required in clini-
cal settings: justification, control, improvement, and discovery of 
novel ideas [23]. These four reasons may appear to overlap, but 
from a clinical perspective, they capture different motivations. 
 First, explainable AI is useful to justify AI model outputs, to 
enhance trust, and to support clinical decision-making [23]. Gen-
erally, clinicians need to explain a medical condition, treatment 
plan, and expected outcomes to patients and their families. De-
spite medical complexity, clinicians need to make the effort to 
communicate to the patients and their families to facilitate shared 
decision-making and trust [24]. Thus, explainability is important 
in a medical decision-making process, and the results generated 
from clinical AI or ML need to be handled appropriately to build 
trust. In the absence of a clear and satisfactory explanation, clini-
cians will likely be hesitant to trust AI. For example, a recent ran-
domized control trial investigated the efficacy of an AI model that 
aims to detect cardiac arrest cases at the dispatch center using 
voice data analysis during an emergency call [25,26]. The study 
was unable to demonstrate the effectiveness of the AI model, with 
the researchers suggesting that some dispatchers might not have 
trusted the output from the AI model due to the absence of a rea-
sonable explanation. Explainable AI can produce an auditable and 
testable way to defend algorithmic decisions as fair and ethical 
[27,28].
 Second, explainability helps users maintain control of a com-
plex technology. Indeed, a deeper understanding of AI models in-
creases awareness of vulnerabilities and flaws [23], which can 
help to quickly identify and correct (debug) errors in critical situ-
ations. Thus, user controls can be strengthened. If the AI gener-
ates unexpected results and unreasonable explanations inconsis-
tent with clinical experience or show potential risk of bias/dis-
crimination, clinicians can bypass the AI and review results for 
errors or bias [29]. For example, if a patient is unexpectedly eval-
uated as having low likelihood of a favorable outcome, mainly 
driven by ethnicity or socioeconomic status of the patient, clini-
cians may suspect hidden discrimination or bias in the AI training 
data [30,31].
 Third, explainability of AI models is needed to allow continual 
improvement. If AI models can discuss the process used to pro-
duce specific results, the information can be used for further im-

provements [32]. For example, when an AI model does not accu-
rately predict an outcome, its process can be determined using 
explainability features. If a certain predictor highly contributes to 
a model but carries a risk of measurement bias due to the absence 
of standardized definitions in clinical settings, the model might 
be improved by excluding the variable or standardizing the input. 
In this way, explainable AI can lay the groundwork for continuous 
iteration and improvement.
 Furthermore, explainable AI may allow development of new 
ideas, hypotheses, and knowledge [22]. For example, if an expla-
nation from an AI model shows an unexpected contribution of a 
certain risk factor to the prediction of outcomes, a novel hypoth-
esis might be developed regarding this factor and its association 
with outcomes. In an AI study investigating clinical subgroups of 
cardiac arrest patients treated effectively with extracorporeal car-
diopulmonary resuscitation (ECPR), creatinine value was associ-
ated with outcome. This led to the development of a novel score 
for indications of ECPR that included creatinine [33]. The impor-
tance of explainable AI is increasing with the more critical role of 
AI in clinical settings.

HOW DOES EXPLAINABLE AI WORK?

Explainable AI encompasses three main approaches [18–20]. The 
first is pre-modeling explainability, such as data visualization, sum-
marization, and transformation [34]. Before deploying AI in clini-
cal settings, it is essential to grasp the data structure, patients’ 
characteristics, time trends, and proportion of the outcome for an 
appropriate understanding of the AI. This may include simple de-
scriptions, such as mean, standard deviation, and range, and miss-
ing data using data visualization or summarization. Data trans-
formation is also crucial to change row data into a usable format 
or structure [34]. For example, when developing ML models, clini-
cal data such as the date of incidence, time of emergency call, and 
hospital arrival are generally transformed to the month or day of 
an incident or the duration between the emergency call and the 
time of hospital arrival, allowing easier analysis. Data transforma-
tion is more applicable to development and understanding of models.
 The second approach is to develop an interpretable model with 
inherent understandability or a blend of different model types [18–
20]. Models exhibit various levels of interpretability and transpar-
ency: at the level of the training algorithm (referred to as “algo-
rithmic transparency”), at the component level (known as “de-
composability”), and at the level of the model itself (or “simulat-
ability”) [22]. For example, as shown in Fig. 2, a tree model might 
pose a human-understandable question, such as whether the pa-
tient is younger than 65 years to clarify the prediction process 
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and enhance algorithmic transparency. Such a model can be bro-
ken down into individual segments, like patients with or without 
initial ventricular fibrillation (VF) (Fig. 2). This allows users to iden-
tify the contribution of each segment to the overall output, show-
casing decomposability. In an example of a 40-year-old cardiac 
arrest patient with initial VF, we can follow the entire prediction 
pathway of the model, estimating a survival probability of 30%, 
without specialized mathematical tools. This demonstrates simu-
latability, with model transparency and user-friendly interpreta-
tion. 
 A hybrid interpretable model approach has also been proposed 
[18–20]. It includes a set of methods that attempts to combine a 
complex black-box model with an inherently interpretable model 
to build an interpretable model that achieves comparable perfor-
mance to the black-box model. The AutoScore framework is an 
example of this hybrid interpretable model approach [35,36]. In 
this framework, development of an ML model is complicated, but 
the final result is familiar to users [5,35,37].
 The last method is called post-modeling explainability [18]. It 
helps break down complex developed AI models so that they are 
easier to understand. These techniques were created based on hu-
man understanding. 

POST-MODELING EXPLAINABILITY 

In this section, we introduce some examples of post-modeling 
explainability. Fig. 3 shows several categories of post-modeling 
explainability, including visualization, textual justification, simpli-
fication, and feature relevance [22].
 Text explanations improve the understanding of ML models by 
generating text-based explanations in the form of phrases or sen-
tences using natural language generation methods. Examples in-

clude AI models used to classify pathological images, which at-
tempt to provide user-friendly explanations [38]. These models 
can generate sentences such as: “The input image is diagnosed as 
tissue A type for sure because it could not be misclassified to any 
other tissue types”; “The input image is suspected as tissue B type, 
and there is a low possibility that it could be tissue C type, D type, 
or E type”; or “The input image is tissue A type. However, there is 
a possibility that it could be tissue F type.” These explanations 
about the possibilities of misclassification provide rationale for 
predictions and help clinicians with their decision-making (Fig. 3).
 Visual explanations describe models by applying techniques 
that aim to visualize the model behavior. Popular literature makes 
use of dimensionality reduction techniques to produce simple vi-
sualizations that can be easily interpreted by humans. Visual ex-
planation is particularly effective in conveying complex interac-
tions between variables [18–20]. For instance, when describing 
black-box models to predict the probability of favorable outcomes 
for cardiac arrest patients, the interactions between probability 
and some factors (such as age and transport time to the hospital) 
are difficult to recognize. In explainable AI, these variables can be 

Fig. 3. Methods of post-explainability. VF, ventricular fibrillation; ROSC, 
return of spontaneous circulation.

Fig. 4. Visualization of interactions between factors and outputs. This 
plot illustrates the relationships between the factors (age and time to 
hospital) and the predictions of the random forest machine-learning 
model. This random forest model was constructed to predict the survival 
probability using simulated data from cardiac arrest patients, including 
patient age and gender, whether the event was witnessed, provision of 
bystander cardiopulmonary resuscitation, and the time from the call to 
arrival at a hospital. The x-axis represents age, while the y-axis denotes 
the time from the call to arrival at a hospital. Blue dots indicate cases 
with a low probability of survival (<25%), red dots are cases with a high 
likelihood of survival (>35%), and white dots signify intermediate cases 
(around 30%). While users might not grasp the intricacies of artificial 
intelligence model prediction, they can broadly infer that patients who 
are younger and have a shorter time to reach a hospital are predicted to 
have higher survival rates. Conversely, older patients with a longer time 
to reach a hospital are estimated to have lower survival probability. 
Moreover, users can observe the interactions between factors and pre-
dictions.
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plotted along the x-axis and y-axis, respectively, to create a scat-
ter plot (Fig. 4) of the distribution of the possibilities [39]. This 
approach visualizes the predicted probability of interaction be-
tween the factors.
 Simplification creates a straightforward, less complicated in-
terpretable model from a black-box model [22]. One example of 
simplification is selection of a single decision tree as the repre-

sentative of a random forest ensemble of numerous decision tree 
models [40,41]. A simplified model could aggregate predictions 
from the individual trees to produce a final output, as shown in 
Fig. 3 [42]. Although this approach is commonly utilized in medi-
cal research, the results can be challenging to interpret due to 
the ensemble nature. Identifying a single tree that captures the 
primary patterns and behaviors of the entire forest allows a bal-

Fig. 5. Example of Shapley Additive Explanations (SHAP) values. (A) The waterfall plot indicates the predicted value (i.e., f(X)) of each factor for a 45-year-
old female who suffered cardiac arrest with witnesses and time to the hospital of 37 minutes. The change in predicted value from baseline (–1.495, cor-
responding to a survival rate of 18.3%) to that for this particular case (–1.293, corresponding to a survival rate of 21.5%) attributed to each factor is the 
SHAP value of each factor. The survival probability is calculated as the inverse logit function given by [1/(1+e(–f(X)))]. (B) The beeswarm plot demonstrates 
the SHAP values of each factor across all cases. A central vertical line (at SHAP value=0) indicates “no influence” on the prediction. If a point is to the 
right of this line, it means that the factor influences the model predictions in a positive direction (increases the survival rate); if it is to the left, it influ-
ences predictions in a negative direction (decreases the survival rate). The color of the dot represents the value of the factor. For example, red and blue 
correspond to female or male for sex and “witnessed” and “not witnessed” for witness status. Also, red or blue means older or younger in age. (C) The bar 
plot displays the absolute SHAP values, indicating that factors of time to hospital, witnessed status, and age are more relevant predictors of survival 
than age across all cases.
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ance between interpretability and performance [40,41]. This rep-
resentative tree can be visualized, providing insights into the de-
cision-making process using the same foundational logic as the 
original ensemble. Another example is the local interpretable mod-
el-agnostic explanations (LIME) approach [43], which approxi-
mates a complex black-box model with a simpler and more easily 
interpretable linear regression model. This is achieved by generat-
ing numerous samples of input data, predicting their outputs us-
ing the original model, and then training a linear model on these 
samples with emphasis on those close to the original data point. 
LIME can identify the feature importance that contributes most 
to each prediction and helps users determine the factors most 
crucial in the, as explained below. 
 Explanation by feature relevance aims to provide post-model-
ing explainability by assessing the internal processes of an algo-
rithm. This type of explanation is commonly utilized in ML models 
in emergency medicine [33,44–47]. It calculates relevance scores 
for all variables managed by the algorithm to quantify the impor-
tance of features critical to model decisions. Shapley Additive Ex-
planations (SHAP) is one of the methods used to evaluate the 
contribution of each input feature to AI model operation [48,49]. 
Similar to LIME, SHAP performs local linear approximations to 
explain the predicted risk for each individual. However, it uses a 
different approach that allows more desirable properties than LIME 
in terms of local accuracy and consistency (for details, please see 
the reference) [49]. 
 SHAP can quantify and visualize how each factor increases or 
decreases risk from baseline to reach the predicted risk for each 
individual using a waterfall plot, as shown in Fig. 5. Consider an 
ML model that predicts the survival rate of cardiac arrest patients 
using sex, age, witness status (yes/no), and time to the hospital 
from the emergency call (minutes). For example, consider a 45-year-
old female with witnessed arrest and a time to hospital of 37 min-
utes. This ML model predicts her survival rate as 21.5%. The wa-
terfall plot in Fig. 5A demonstrates how these four factors influ-
ence the prediction of ML. In this case, the baseline of the pre-
dicted value (f(X)), i.e., the average prediction across all cases, is 
–1.495, which translates to a baseline survival rate of 18.3% via 
the inverse logit function [1/(1+e(–f(X)))]. The witnessed status in-
creases the predicted value by 0.103, which is equivalent to an 
increase in the survival probability to 19.9% from baseline. This 
0.103 increase in the predicted value attributable to the wit-
nessed status is the SHAP value of this factor for this individual. 
The patient’s sex (female) has a SHAP value of 0.147, which fur-
ther increases the survival probability to 22.4%. Additionally, the 
patient’s age (45 years old) has a SHAP value of 0.22, which in-
creases it further to 26.4%. However, the time taken to reach a 

hospital, which has a negative SHAP value of –0.268, reduces the 
survival rate to the final predicted value of 21.5% for this partic-
ular case. Through this example, we can understand how each 
variable impacts the model prediction using a waterfall plot and 
SHAP values. This demonstrates how SHAP can provide local ex-
planations for individual predictions. When the contributions to 
the predicted risk of each factor are visualized across all patients 
in a beeswarm plot (Fig. 5B), the relationships between factor 
levels and contributions to prediction can be determined, facili-
tating a straightforward comparison of the impact of each factor 
on the prediction.
 SHAP is also valuable for global explanations to understand 
how the model behaves overall. This is done by considering all 
data points using the average absolute SHAP value. For example, 
the bar plot in Fig. 5C indicates that the average absolute SHAP 
value of “time to hospital” is highest, while those of “witnessed” 
and “age” are lower but still considerably high compared to that 
of “sex.” The model suggests time to hospital, witnessed status, 
and age as strong predictors of survival. This dual capability al-
lows users to understand both specific decisions of the model and 
the broader trends and behaviors across data points. 

CHALLENGES IN IMPLEMENTATION INTO 
CLINICAL SETTINGS 

Even though the explainability of AI has advanced, there remain 
several challenges to the implementation of AI models in clinical 
settings. One of the issues is whether the explanation is accept-
able and trustworthy enough from the points of view of clinicians 
and patients [16,18–20]. Previously, an explainable AI model was 
developed to predict the deterioration of patients with subarach-
noid hemorrhage in the intensive care unit. To enhance the im-
plementation of the AI tool, the perception gap between the de-
velopers and clinicians was investigated [50]. Through interviews, 
the study found that the developers believed that clinicians must 
be able to understand model operation and developed the AI mod-
el with explainability by providing SHAP values, as mentioned above. 
In contrast, from the perspectives of the clinicians, the SHAP val-
ue was not sufficiently helpful in understanding or trusting the AI 
model. Clinicians were more focused on clinical plausibility based 
on the pathophysiological rationale or clinical experience and a 
holistic approach referring to the multispectral clinical informa-
tion. As illustrated in this example, the kind of explainability re-
quired depends on the audience and context of use of the AI model 
[19]. In emergency settings, the contexts and patient conditions 
change rapidly. Especially during resuscitation, which is an in-
credibly time-critical situation, clinicians may not have adequate 
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time to try to understand how AI models work. Therefore, a model 
must be understandable quickly. Furthermore, it is a challenge to 
assess the quality/effectiveness of explainability. A previous sys-
tematic review reported various methods for assessing explain-
able AI effectiveness, with few established methods [51]. Estab-
lishing standardized approaches to measure the effectiveness of 
explainable AI might increase its integration into clinical settings 
and act as a tool of communication among clinicians, research-
ers, and developers [28]. Finally, with increasing emphasis on fair 
and trustworthy AI-assisted decision-making in clinical settings, 
the contribution of explainable AI to model development should 
be determined through a multidisciplinary approach [52]. Consid-
ering such situations, collaboration among AI developers, research-
ers, and clinicians in designing explainable AI systems is impera-
tive for improving their effectiveness, usability, and reliability in 
healthcare.

CONCLUSION

This paper summarizes the concept of “explainable AI” for clini-
cians in emergency medicine. With the expected increasing role 
of AI in medicine, emergency physicians and researchers will need 
to become knowledgeable about its use. Furthermore, a multidis-
ciplinary approach is essential to develop trustworthy AI for use 
in clinical emergency medicine. This review will help interpret ex-
plainable AI to clinicians working in emergency departments.
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Point-of-care ultrasound (POCUS) is a rapidly developing technology that has the potential to 
revolutionize emergency and critical care medicine. The use of POCUS can improve patient care 
by providing real-time clinical information. However, appropriate usage and proper training are 
crucial to ensure patient safety and reliability. This article discusses the various applications of 
POCUS in emergency and critical care medicine, the importance of training and education, and 
the future of POCUS in medicine.
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INTRODUCTION

Point-of-care ultrasound (POCUS) is an ultrasound examination 
performed and interpreted by the clinician at the bedside to ob-
tain specific clinical information. Although first used by clinicians 
in the 1960s, POCUS had not become increasingly popular in the 
1990s, which subsequently resulted in it being labeled the “visual 
stethoscope” of the 21st century [1,2]. 
 POCUS exam had been designed to address a specific clinical 
inquiry with a focused, goal-directed evaluation. Its objective is 
to either “rule in” or “rule out” specific conditions or answer a 
“yes or no” question [3–5]. By contrast, a comprehensive ultra-
sound (standard consultative ultrasound) performed by radiolo-
gists or cardiologists thoroughly evaluates the entire anatomical 
region. Ordering, executing, interpreting, and reporting such 
comprehensive ultrasound examinations typically take hours or 
days, whereas POCUS examinations provide clinical information 
in real-time within minutes. Recent studies have shown that PO-
CUS can increase diagnostic accuracy and significantly reduce 
physicians’ diagnostic uncertainty [6]. Moreover, most patients 
admitted to an emergency department who agreed to undergo 
POCUS of the heart, lungs, and deep veins reported “very low” 
discomfort [7]. 
 Clinicians have also released statements advocating for POCUS 
[8,9]. Additionally, undergraduate medical students who have en-
countered POCUS examinations earlier in their medical education 
have gained a better understanding of the clinical applications of 
POCUS [10]. POCUS has become increasingly popular in emer-
gency medicine (EM), and so has POCUS education in residency 
programs [11]. 
 With the increased use of ultrasound in emergency and critical 
care settings, countries with emergency rooms and intensive care 
units (ICU) equipped with an ultrasound system have recently 
implemented health insurance coverage for POCUS in emergency 

and critical care areas. Ultrasound practice is facilitated by stan-
dardized scopes and indications of use recommended by each 
country [12]. Although POCUS has been a rapidly growing tech-
nology in emergency, trauma, and critical care medicine, some 
concerns have been raised regarding its patient safety, which in-
clude overuse, inaccurate diagnoses, inappropriate usage, and ex-
cessive dependence on POCUS [13,14]. To improve patient care 
and prevent unnecessary cuts in healthcare budgets, proper pre-
scription, application of POCUS, as well as documentation of its 
findings, are required [15].
 This paper aims to comprehensively review the different types 
of POCUS used in clinical practice for emergency and critical care 
medicine, so that clinicians performing POCUS can better under-
stand POCUS indications and limitations.

POCUS ULTRASOUND: EQUIPMENT AND  
INSTRUMENTATION 

The miniaturization of ultrasound machines and the increase in 
computing capacity have facilitated the development of portable 
ultrasound devices [16–18]. Currently, a vast selection of ultra-
sound devices is available in the POCUS market [19]. Given the 
developments in signal computational capacity, even the smallest 
mobile devices now provide high-quality images. Moreover, the 
price of POCUS has decreased dramatically, making the technique 
more accessible to physicians. 
 Several types of ultrasound machines have been used for PO-
CUS, which can be categorized as “compact cart-based,” “hand-
carried,” and “handheld or pocket-sized” (Fig. 1). Compact cart-
based devices are designed to be brought to the patient’s bedside. 
They possess the most advanced features with powerful proces-
sors and have the largest screen size and memory. However, these 
devices have some disadvantages including their large size, less 
maneuverability, indoor use only, short battery time, and high 

What is already known
Point-of-care ultrasound (POCUS) is a bedside ultrasound exam performed by clinicians to address specific clinical 
questions. It has found widespread use in emergency, trauma, and critical care medicine and has been integrated into 
medical education.

What is new in the current study
The review offers a comprehensive overview of the various types of POCUS utilized in emergency and critical care medi-
cine with the aim of improving clinicians’ understanding of POCUS indications and limitations. By addressing these 
concerns and offering insights, this review contributes to the optimization of POCUS use in clinical practice.
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Fig. 1. Three types of ultrasound devices for point-of-care ultrasound. (A) Compact cart-based. (B) Hand-carried. (C) Handheld or pocket-sized.

A B C

Fig. 2. Portable ultrasound by connecting a probe wirelessly with mo-
bile phone applications.

cost. Hand-carried ultrasound machines have a clamshell laptop 
or tiny television design, with recent devices using touchscreen 
displays. They are relatively lightweight, which allows for easy 
hand-carrying. Additionally, they have an extended battery time 
life and are capable of producing high-quality images. However, 
they have fewer advanced features and lesser storage space or 
transducer attachments than cart-based types. Pocket-sized ma-
chines are the most portable devices with the lightest weight, 
longest battery time, and lowest cost.
 However, they produce relatively low-quality images and pos-
sess fewer features or workflow processes. Although this market 
is still very nascent, it is developing quite rapidly. New machines 
provide a mobile application-based system in which a tablet or 
smartphone may be transformed into a portable ultrasound by 
connecting a probe directly or wirelessly (Fig. 2). 
 The practice environment needs to be considered when choos-
ing an ultrasound device. Cart-based devices may perform best in 

an emergency department or ICU but not outside of the hospital. 
In contrast, pocket-sized devices, while convenient and easy to 
use, may have limited features for in-hospital situations. Future 
technology development would provide a more cost-effective 
POCUS device.

FOCUSED CARDIAC ULTRASOUND

Focused cardiac ultrasound (FoCUS) is used to rapidly assess car-
diac anatomy and function in critically ill patients at the bedside. 
The five basic views recommended for FoCUS examination in-
clude the parasternal long axis, parasternal short axis, apical four 
chamber, subcostal four chamber, and subcostal inferior vena 
cava (IVC) views [20,21]. Grayscale ultrasound is used to evaluate 
cardiac structure, during which depth and gain adjustments 
should be set for optimal visualization. Color Doppler analysis of 
the mitral and aortic valves to identify regurgitation may be in-
cluded in the examination [6,22]. Assessments with FoCUS can 
identify several causes in time-sensitive clinical scenarios related 
to cardiorespiratory symptoms and signs (Table 1) [15,21,23,24].

Limitations and special considerations of FoCUS
The limitations of FoCUS related to patients include body habitus, 
surgical dressing or chest drains, and subcutaneous emphysema, 
which may increase the difficulty of obtaining clear images dur-
ing a FoCUS examination. False-positive or false-negative results 
may occur due to off-axis viewing when scanning is not per-
formed in the appropriate position for optimal image acquisition. 
Additionally, FoCUS has limitations in verifying some cardiac con-
ditions such as pericardial fat pads, cysts, preexisting or small 
pericardial fluid, diastolic dysfunction, valvular diseases, and pul-
monary hypertension [25]. Comprehensive echocardiography or 
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Fig. 3. Various lung artifacts. (A) The A-line artifacts are created by reverberation of ultrasound waves at the pleural line. (B) The B-line artifacts are hy-
perechoic vertical artifacts which extend from the pleural line to the bottom of the image. (C) If consolidation touches the pleural line, ultrasound pene-
trates it directly, resulting in visualization without artifacts. Each arrow points to the corresponding artifact finding.

Dry lungs Edema Consolidation

A B C

Table 1. Clinical scenarios that require focused cardiac ultrasound and 
what can be identified through assessment

Scenario Assessment Identification

Acute chest pain
Cardiac arrest
Cardiac trauma
Dyspnea
Undifferentiated shock

Aortic root diameter
Intracardiac mass or 

thrombus
IVC size and collapsibility
LV dimension and  

contractility
LV regional wall motion 

abnormality
Pericardial fluid
RV size and strain
Valve morphology and  

regurgitation lesion

Active hemorrhage
Acute myocardial  

infarction
Aortic dissection or  

aneurysm rupture
Cardiac contusion
Cardiac tamponade
Gross chronic heart disease 

and valvular abnormality
Pulmonary embolism
Volume status

IVC, inferior vena cava; LV, left ventricle; RV, right ventricle.

additional diagonal modalities should be considered for a com-
plete evaluation of uncertain findings or complex clinical presen-
tations.
 To perform FoCUS accurately and effectively, proper education 
and training are required. FoCUS training typically includes a 
combination of didactic instruction, hands-on training, and su-
pervised clinical experience [26]. Trained physicians should be 
able to demonstrate proficiency in obtaining and interpreting Fo-
CUS images before performing the examination independently. 
Continuous quality improvement and education are important to 
maintain and improve the accuracy and reliability of FoCUS.

THORACIC ULTRASOUND

Thoracic ultrasound has been increasingly used in the management 
of patients who visit the emergency department due to acute dys-
pnea and respiratory failure. This is due to its effectiveness in aid-
ing decision-making for differential diagnosis and treatment. Un-
like simple radiography and computed tomography (CT), thoracic 
ultrasound can be quickly and safely applied to patients, making it 
an effective choice for early imaging examinations [27,28]. 

Clinical application of thoracic ultrasound
Since Lichtenstein and Meziere [29] announced the BLUE (Bed-
side Lung Ultrasound in Emergency) protocol in 2008, experts 
[21,30] have suggested the use of lung ultrasound for pneumo-
thorax, alveolar-interstitial syndrome, pulmonary consolidation, 
pleural effusion, and neonates and pediatrics, with robust evi-
dence and strong recommendations in 2012.

Normal lung pattern
When a normal lung pattern, characterized by a bat sign, A line, 
and lung sliding are observed on lung ultrasound, pneumothorax 
and interstitial syndrome can be excluded (Fig. 3A). However, when 
a normal lung pattern is observed in patients who complain of 
acute dyspnea or breathing difficulties, airway diseases such as 
asthma or chronic obstructive pulmonary disease, may be consid-
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Fig. 4. M-mode ultrasound images . (A) Normal lung. The sea-shore sign in M-mode ultrasound. P indicates the pleural line. (B) Pneumothorax. The strato-
sphere or barcode sign in which there is no movement below the pleural line.

A B

ered to have caused their condition and not problems with the 
lung tissue itself.

Pneumothorax
The absence of lung sliding may indicate pneumothorax, which 
may be confirmed through lung point observation (sensitivity, 
91%; specificity, 98%) (Fig. 4) [30]. However, care should be exer-
cised for tension pneumothorax, including the whole pleural cav-
ity, given that a lung point cannot be observed in such cases. 
Checking the lung pulse and B-lines can ultimately exclude 
pneumothorax.

Interstitial syndrome
Interstitial syndrome can be diagnosed through the presence of 
more than three B lines in the intercostal space (sensitivity, 94%; 
specificity, 92%) [31]. Although pulmonary edema due to heart 
failure is the most common clinical cause of interstitial syndrome, 
various other heart and lung diseases have been shown to cause 
the same condition (Fig. 3B).

Consolidation
The most common clinical cause of consolidation is pneumonia. 
Given the various locations and forms of pneumonia, various pre-
sentations can also be observed on thoracic ultrasound (Fig. 3C). 
Subpleural consolidation and tissue-like patterns are typical and 
can be diagnosed even if a shred sign or effusion is visible on the 
posterior examination (sensitivity, 94%; specificity, 96%) [32].

Effusion
Pleural effusion can be easily diagnosed on thoracic ultrasound, 
which is superior to radiography and CT in measuring the quanti-
ty and predicting the properties of effusion. Real-time ultrasound 
guidance can also help physicians safely perform procedures, 

such as thoracentesis.

The BLUE protocol
The BLUE protocol is a fast and accurate bedside lung ultrasound 
technique for diagnosing acute respiratory failure. It involves 
scanning three points on each hemithorax and identifying specif-
ic ultrasound signatures. The BLUE protocol is part of a larger 
framework for critical care ultrasound [33].

ABDOMINAL POCUS

Abdominal POCUS can be performed in any patient with abdomi-
nal symptoms complaining of abdominal pain, flank pain, and a 
distended abdomen. The advantages of POCUS include rapid per-
formance, avoidance of unnecessary radiation and contrast expo-
sure, quick diagnosis, and potential reduction in length of hospi-
talization and costs [34–38]. 

Clinical applications of abdominal ultrasound
Right upper quadrant of the abdomen
POCUS for right upper quadrant (RUQ) pain is a useful tool for 
evaluating acute cholecystitis. The most significant positive find-
ings are the sonographic Murphy sign, the presence of cholelithi-
asis, gallbladder wall thickening, and pericholecystic fluid collec-
tion. Dilatation of the common bile duct can also be identified in 
the RUQ areas. Recent studies have suggested that POCUS per-
formed by EM physicians and radiologists had similar accuracy in 
detecting acute cholecystitis [39,40].

Renal and aortic ultrasound
Renal POCUS aids EM physicians in detecting hydronephrosis in 
renal colic patients. Additionally, bladder ultrasound helps detect 
ureterovesical junction or bladder stones, and the absence of ure-
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teral jet in patients suspected to have obstructive uropathy [41, 
42]. POCUS of the aorta includes measuring the diameter of the 
abdominal aorta and inspecting for the presence of an intimal 
flap in the case of aortic dissection using both the transverse and 
longitudinal ultrasound planes. Moreover, aortic ultrasound can 
help emergency physicians identify a ruptured abdominal aortic 
aneurysm (AAA) with high sensitivity and specificity [43,44].

Various gastrointestinal diseases
POCUS is a valuable tool for diagnosing various gastrointestinal 
pathology. POCUS findings for small bowel obstruction include 
increased loop dimensions, increased or decreased peristaltic 
movements (to-and-fro sign), and enlarged and visible valvulae 
conniventes (keyboard sign) [45,46]. In patients with right lower 
quadrant abdominal pain, a noncompressible tubular structure 
with a target sign greater than 6 mm in diameter at the site of 
the appendix is suggestive of acute appendicitis [47]. In women 
of reproductive age, pelvic pain or lower abdominal pain can be 
caused by ovarian torsion or ovarian cyst rupture. Due to the dif-
ficulty in diagnosing ovarian torsion or ovarian cyst rupture based 
on symptoms and physical examination alone, POCUS has be-
come the primary modality for its evaluation [48].

ULTRASOUND-GUIDED PROCEDURES

Ultrasound guidelines, including those from the American College 
of Emergency Physicians (ACEP) and other organizations, should 
incorporate guidance on procedures considering the integral role 
these procedures play in patient management, as well as in en-
hancing the safety and efficacy of interventions [49]. This im-
proves ultrasound technology has widened the scope of guide-
lines beyond disease diagnosis and management to include pro-
cedural guidance to ensure optimal patient care in every setting.
 In critically ill patients, bedside needle procedures such as cen-
tral venous catheter insertion, thoracentesis, and pericardiocen-
tesis are frequently required. Ultrasound-guided procedures have 
significant advantages over landmark-based approaches [50–54]. 
The increasing availability of ultrasound machines, and portable 
devices, as well as the continued emphasis on patient safety in 
critical care, have contributed to the growing utilization of ultra-
sound-guided procedures.  
 Ultrasound-guided techniques can be classified into two cate-
gories: static and dynamic. The static technique involves using 
ultrasound to locate a target structure and fix the medical instru-
ment, whereas the dynamic technique enables continuous visual-
ization of the needle or instrument as it progresses toward the 
target. Both approaches have advantages and disadvantages.

 Ultrasound probes can be positioned in three axes: short (per-
pendicular to the structure’s long axis), long (parallel to the struc-
ture’s long axis), and oblique (at an angle to the long axis) [55–
57]. Each axis provides a different view for visualization, with the 
short, long, and oblique axis offering cross-sectional, lengthwise, 
and angled perspectives, respectively.   
 After positioning the probe in an axis, two techniques are 
commonly used: in-plane and out-of-plane. The in-plane tech-
nique aligns the needle or instrument with the ultrasound probe, 
allowing direct visualization of both the instrument and the tar-
get structure on the same ultrasound image. Although considered 
accurate and safe, this technique requires precise needle posi-
tioning. The out-of-plane technique positions the needle or in-
strument in a different plane from the probe, resulting in sepa-
rate visualization of the needle and target structure [58,59].
 The choice of technique could depend on specific situations 
and practitioner preference. However, practitioners need to be 
proficient in all techniques to ensure optimal outcomes [60]. Mi-
cropuncture needles (21 gauge) have become popular in EM and 
critical care due to their smaller size, reduced bleeding risk, and 
improved tolerance for multiple vessel wall punctures [61].

TRANSCRANIAL ULTRASOUND

Patients with altered consciousness should undergo CT or mag-
netic resonance imaging to rule out intracranial lesions. However, 
these imaging modalities are not always available, and transport-
ing patients with unstable vital signs for radiologic studies may 
be challenging. In those situations, immediate and noninvasive 
bedside tests are imperative. 
 Transcranial ultrasound (TUS), which was first introduced in 
1982 had subsequently become a routine clinical procedure for 
qualitatively and noninvasive evaluation of intracranial blood 
flow [62]. The development of B-mode ultrasound has helped cli-
nicians evaluate the brain parenchyma. Despite providing inferior 
quality images compared to CT, ultrasound is capable of providing 
sufficient image quality for appropriate clinical management, 
such as the detection of acute hematomas and midline shifting 
due to the mass effect in the brain parenchyma [63].
 The TUS examination is performed via the temporal approach 
with a low frequency phased array transducer. The main struc-
tures needed to be identified on the screen include the contralat-
eral temporal bone at the bottom of the screen and the butterfly-
shaped midbrain in the center of the screen. Lastly, the third ven-
tricle should be identified when the probe is slightly tilted.
 In general, two types of brain lesions should be easily notice-
able through TUS [64]. The first is acute hematoma, which ap-
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pears as an echo-enhancing mass within the brain parenchyma 
(Fig. 5). The second is a midline displacement in which the third 
ventricle is displaced in the opposite direction due to the mass 
effect (Fig. 6). However, given that the skull becomes thicker with 
age, resulting in the attenuation of ultrasound waves, insufficient 
image qualities are obtained in approximately 5% to 20 % out of 
patients [65]. Although recent attempts have been made to in-
crease the diagnosis rate using contrast agents, future studies 
will be necessary to overcome these limitations [66]. 

POCUS IN CARDIORESPIRATORY ARREST

During cardiac arrest, POCUS is primarily utilized to guide proce-
dures, immediately identify and treat reversible causes, monitor 

the quality of chest compression, and predict outcomes [67,68]. 
POCUS can be considered as an additional evaluation method in 
cases when the operator is highly skilled and its use does not im-
pede chest compressions [68,69].
 Although quantitative capnography has been considered the 
gold standard for confirming endotracheal tube placement, its 
sensitivity decreases in prolonged cardiac arrest [70–72]. Thus, 
physicians have attempted to use POCUS to confirm endotracheal 
tube placement, with their findings showing reliable accuracy [73–
76]. In particular, real-time confirmation showed higher accuracy. 
 Central venous access can be considered in cases where intrave-
nous access through subcutaneous veins is difficult or extracorpo-
real cardiopulmonary resuscitation is required [77]. Conventional 
central venous access has several disadvantages, including interrup-

Fig. 6. Midline shifting with acute hematoma. (A) Computed tomography shows shifted midline compressed by left subdural hematoma. (B) Displaced 
third ventricle (arrows) with acute hematoma (asterisk) is shown on the transcranial ultrasonography with the right temporal approach.

A B

Fig. 5. Acute hematoma. (A) Computed tomography shows left intracranial hemorrhage with intraventricular hemorrhage. (B) Transcranial ultrasound via 
right temporal view shows an echogenic mass on the bottom of the screen (arrows), which is identified as intracranial hemorrhage on the same patient.

A B
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tion of cardiopulmonary resuscitation, technical difficulty, and sev-
eral complications [78]. Ultrasound-guided central venous access 
can greatly increase stability, accuracy, and efficiency [79–81]. Ul-
trasound-guided supraclavicular subclavian access using an endo-
cavitary probe improves vein identification, anatomical understand-
ing, and procedural comfort following a brief training session [82].
 POCUS can help determine cardiac tamponade, left ventricle 
failure, pulmonary embolism, hypovolemia, and tension pneumo-
thorax [83,84]. Several protocols have been established to identi-
fy the causes of cardiac arrest (FATE [Focused Assessed Transtho-
racic Echocardiography], FEER [Focused Echocardiographic Evalu-
ation in Resuscitation], CAUSE [Cardiac Arrest Ultra-Sound 
Exam], SESAMI [Sonography in Shock and Acute Management in 
Intensive Care], ShoC [Sonography in Hypotension and Cardiac 
Arrest], etc.) [85–89]. POCUS is best performed in the subxiphoid 
or apical window to avoid interfering with chest compressions. 
The BLUE and PLAPS (Posterior and/or Lateral Alveolar and/or 
Pleural Syndrome) points are used to evaluate the lung, whereas 
a subcostal window is used to evaluate the inferior vena cava. Fi-
nally, proximal leg veins are scanned to confirm deep vein throm-
bosis, and Focused Assessment with Sonography in Trauma (FAST) 
is performed to identify sources of blood loss.
 Some physicians have attempted to determine the prognosis 
of cardiac arrest using POCUS. Especially, they found that pulsel-
ess electrical activity (PEA) without cardiac activity was associat-
ed with a worse prognosis than PEA with cardiac activity. More-
over, the likelihood of return of spontaneous circulation (ROSC) 
was considerably very low in the absence of cardiac activity on 
serial POCUS [84,90]. However, nonserial POCUS demonstrated 
poor performance in predicting ROSC.
 To monitor chest compression quality, transesophageal echo-
cardiography (TEE) can be a good option. However, TEE requires 
performers to be highly trained [67,91]. Recently, attempts have 
been made to monitor chest compression quality through TTE 
(subcostal or apical window) [92].  
 More studies are needed to obtain evidence in support of in-
cluding POCUS as a part of the resuscitation algorithms [93].

POCUS IN THE DIAGNOSIS AND MANAGE-
MENT OF SHOCK

POCUS can provide real-time physiologic information for patients 
in shock. This approach can also be useful in identifying the cause 
of shock, classifying the type of shock, guiding treatment, and 
evaluating the response to therapy. Multifocal ultrasonography 
can be used for the initial evaluation of undifferentiated shock to 
identify the cause and provide prompt treatment [94].

 When using ultrasonography in shock, the main goals should 
be to assess the presumed etiology and category of shock and 
monitor the real-time response to management to optimize 
treatment efforts. Practical tips for using ultrasonography include 
performing basic examinations of the heart, lungs, and IVC to 
recognize the category of shock, as well as supplementary exami-
nations of free fluid in the abdomen, abdominal aorta, intra-ab-
dominal solid organs, peripheral vessels, and other areas to evalu-
ate the cause of shock (Table 2).
 Examinations should be performed using multiorgan views and 
windows. Accordingly, cardiac examination should assess left and 
right ventricular size and function, pericardial effusion, gross re-
gional wall motion abnormalities, and gross valvular abnormalities. 
Thoracic examination should evaluate pleural effusion, B-lines, 
and lung sliding. Vasculature examination should assess the size 
and collapsibility of the IVC, aorta, and femoral/popliteal veins.
 The key ultrasound findings associated with shock are summa-
rized in Fig. 7. Several protocols have been developed for the 
evaluation of patients in shock, including the RUSH (Rapid Ultra-
sound in Shock) protocol [95,96], SHoc (Sonography in Hypoten-
sion and Cardiac Arrest) protocol [89], ACES (Abdominal and Car-
diac Evaluation with Sonography in Shock) [97], FATE [85], and 
FEEL (Focused Echocardiography Evaluation in Life Support), 
among others. These protocols include assessments of cardiac 
function, volume, and vasculature [83].
 The RUSH protocol involves a three-part bedside assessment of 
the pump (heart), tank (fluid status), and pipes (vasculature), with 
a stepwise evaluation outlined in Fig. 7 [96]. The ShoC protocol 
recommends core, supplementary, and additional views as out-
lined in Fig. 8 [98].

EXTENDED FAST

FAST examination is a noninvasive point-of-care test that aims 
to guide clinical decision-making and direct angiographic or sur-
gical interventions. It can be a powerful tool for clinicians, espe-
cially in time-dependent situations such as trauma. Extended 
FAST (eFAST) is an evolution of the traditional FAST that incorpo-
rates thoracic window assessment to identify hemothorax and 
pneumothorax [98–100]. The physiologic priority of ABCD (airway, 
breathing, circulation, and disability) in injured patients should be 
assessed using a multisystem, multifocused, problem-based PO-
CUS as an extension of physical examination [101,102]. This ul-
trasound-enhanced trauma life support, called FAST-ABCD, can 
provide a considerable amount of important information that 
could help the primary physician make critical decisions by sys-
temically combining airway, lung, cardiovascular, abdominopelvic, 
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Table 2. The key ultrasonography finding for evaluating the category and causes of undifferentiated shock

Exam Hypovolemic Cardiogenic Obstructive Distributive

Cardiac exam

   Left ventricle Hyperdynamic function Decreased function
Dilated chamber
Valve abnormality?

Hyperdynamic function
Pericardial effusion+chamber
   collapse 
→ Tamponade?

Hyperdynamic or hypocontractile 
   or normal function?

   Right ventricle Normal or small size Dilated chamber?
Valve abnormality? 

Dilated, strained RV
D-shaped septum 
→ Pulmonary embolism?

Normal or small size

Pulmonary exam

   Lungs A-line predominance B-lines Absent lung sliding? 
→ Pneumothorax?

Consolidation pattern or focal B- lines 
→ Pneumonia

   Pleura Pleural effusion (–) Bilateral pleural effusions? Pleural effusion (± )
Subpleural consolidations 
→ Pulmonary embolism?

Pleural effusion (± )
→ Pneumonia? Empyema?

IVC exam Collapsed IVC Distended IVC Distended IVC Normal or collapsed IVC

Supplementary exam

   Abdomen Aortic aneurysm
Aortic dissection
Intra-abdominal hemorrhage

Peritoneal fluid in chronic right  
   or left heart failure (± )

Peritoneal fluid (± )

   Vascular Collapsed veins - Distended internal jugular vein
→ Tamponade?
Femoral, popliteal vein thrombus?

RV, right ventricle; IVC, inferior vena cava.

Fig. 7. Stepwise evaluation using the RUSH (Rapid Ultrasound in Shock) protocol to diagnose the category of shock.

 Pump (cardiac)

Pericardial effusion Left ventricular contractility Right ventricular strain

Effusion? 
Tamponade?

Hyperdynamic? 
Normal? 
Decreased?

Right ventricle size? 
Septal displacement?

 Tank (intravascular volume)

Tank volume Tank leakiness Tank compromise Tank overload

Inferior vena cava 
Internal jugular veins 
→ Size or inspiratory collapse? 

Free fluid abdomen or pelvis? 
Free fluid thoracic cavity?

Absent lung sliding?
Absent comet tails? 
→ Tension pneumothorax?

Lung rockets? 
→ Pulmonary edema

 Pipes (vessel)

Rupture of the pipes Clogging of the pipes

Aorta aneurysm 
Aortic dissection

Femoral vein? 
Popliteal vein? 
→ Thrombosis?

orbital, and transcranial ultrasound findings [103–106].  
 Additionally, this approach can help determine if the airways 
are open and guide procedures like endotracheal intubation and 
cricothyroidotomy. It can also provide information on lung contu-
sion and limited hemodynamics. Furthermore, it aids in the dif-
ferential diagnosis of shock and intracranial hypertension. This 
method even allows for an extensive secondary survey from head 
to toe [103,105]. The indications for the utility of ultrasound in 
trauma continue to evolve beyond FAST [106]. FAST-ABCD can be 
incorporated into advanced trauma life support [107,108]. Evalu-

ation using eFAST can provide critical information during the re-
al-time assessment of patients with complex trauma.

POCUS IN PEDIATRIC CARE

Ultrasonography offers real-time imaging without ionizing radia-
tion, making it a safe and effective option in pediatric care [109]. 
The smaller body sizes, less fat, and thinner abdominal walls of 
children allow for high-resolution images to be obtained using 
ultrasonography, which can be used for various diagnostic and 
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procedural applications in pediatric emergency care. 

Clinical applications of POCUS in pediatric care
Lung and cardiac ultrasound
Ultrasonography is a highly effective diagnostic tool for diagnos-
ing pneumonia in pediatric patients [110], with available evidence 
showing its high sensitivity and specificity in identifying pneu-
monia by detecting B-lines, parenchymal consolidation, and 
pleural effusion. Similar to that in adults, ultrasonography can be 
used to diagnose pneumothorax in pediatric populations. Focused 
echocardiography can detect pericardial effusion and tamponade, 
assess global contractility, and evaluate left ventricular function 
and right ventricular filling [111]. Patients with severely impaired 
cardiac function on focused echocardiography may be suspected 
to have myocarditis.

Abdominal and testicular ultrasound
Ultrasonography can identify the underlying causes of vomiting 
or acute abdominal pain, which are common symptoms in emer-
gency pediatric patients. Serious diseases such as pyloric stenosis, 
midgut volvulus, intussusception, and appendicitis can be imme-
diately diagnosed using ultrasound. Furthermore, even novice so-
nographers can achieve high diagnostic rates for intussusception 
[112]. In cases of testicular swelling or pain, ultrasound can dif-
ferentiate between various conditions, such as testicular torsion, 
torsion of the appendix testis, epididymo-orchitis, and hydrocele. 
Ultrasonography can be used to determine the structure and vas-
cularity of the testis. A decrease in the blood flow to the testicles 
indicates testicular torsion [113].

POCUS in trauma
The eFAST has been routinely performed for a long time in pa-
tients with chest and abdominal trauma. Unlike in adults, its di-
agnostic usefulness is limited in children, such that a negative 

eFAST result in children may not accurately rule out the presence 
of intra-abdominal injuries [114]. 

Extremities ultrasound
Ultrasound can be used to detect hip joint effusion in children 
who visit the hospital with a limping gait. Septic arthritis and 
transient synovitis can be differentiated through fluid analysis by 
performing fluid aspiration using ultrasound. Ultrasound can also 
be a helpful diagnostic tool in detecting fractures in children. Al-
though radiography has been the primary imaging modality used 
for assessing trauma, ultrasound can be useful for evaluating un-
ossified structures, fractures extending to the unossified epiphy-
ses, occult fractures, physeal separation, intra-articular bodies, 
ligamentous injuries, and occasionally periosteum trapped be-
tween fracture fragments [115].

Clinical applications in ultrasound-guided procedures 
Ultrasound-guided procedures enhance the success rate and 
safety of central venous catheter placements [116,117]. It’s also 
beneficial for securing peripheral blood vessels, detecting foreign 
bodies, and performing joint aspirations. When a child gets a 
splinter or other small foreign body embedded in their skin, ultra-
sound can help locate the foreign body and guide its removal, re-
ducing the need for more invasive procedures [118].

POCUS IN EMERGENCY CARE

Characteristics of emergency department patients
Emergency department (ED) patients present with a wide range of 
problems, from critical emergencies to minor issues that can be 
easily treated. However, we currently lack an advanced medical 
system to accurately diagnose all patients immediately upon arrival.
 Several patients in the ED express their concerns in a disorga-
nized manner. Some patients are unable to communicate due to 

Fig. 8. Evaluation using SHoC (Sonography in Hypotension and Cardiac Arrest) protocol.

1. Core view: should be completed

Cardiac view (subxiphoid and parasternal long axis): pericardial fluid, gross cardiac size, shape and ventricular function

Lung view (bilateral anterior and lateral chest views): pleural fluid and B-lines 

Inferior vena cava view (subxiphoid or transhepatic view): overall diameter, respiratory variation in size

2. Supplementary view: if more cardiac information is required

Other cardiac views (parasternal short axis and apical views): pericardial fluid or cardiac form or function

3. Additional view: when clinically indicated

Abdomen-pelvic view: peritoneal fluid 

Aortic view: abdominal aortic aneurysm 

Deep vein thrombosis view
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changes in their level of consciousness. Emergency physicians (EP) 
are trained to gather information from a brief history and physi-
cal examination, interpret it as clinical manifestations, and form 
a hypothesis.

POCUS IN ED

POCUS has become a crucial component of emergency medicine 
given its ability to improve physical assessments and provide crit-
ical information to support or exclude hypotheses at the bedside 
while awaiting laboratory and imaging results. Attending EPs who 
appreciate the clinical features of the patient and perform POCUS 
can effectively enhance patient flow and reduce errors.

The role of EP and POCUS
The role of the EP can be distilled into three primary tasks: stabi-
lization, differential diagnosis, and monitoring (of patient status 
and procedure). EPs are required to differentiate between critical 
and noncritical emergencies, stabilize patients, conduct a com-
prehensive evaluation for differential diagnosis, and determine 
the most suitable initial treatment. Furthermore, they need to 
monitor the effectiveness of treatments and utilize ultrasound 
guidance for procedures. POCUS aids EPs in all these tasks by en-
hancing safety and accuracy, minimizing errors, and facilitating 
faster patient flow in the ED [119].

The scope of practice for EM POCUS
In 2009, the ACEP established guidelines for EM POCUS, outlining 
its scope of practice, which included 11 core applications and five 
functional clinical categories [120]. These categories encompass 

resuscitative measures, diagnostic and symptom-based assess-
ments, procedure guidance, and therapeutic monitoring (Fig. 9). 
Substantial evidence supports the use of multiorgan POCUS for 
evaluating and managing patients with cardiopulmonary or he-
modynamic failure. POCUS using established protocols, can pro-

Fig. 9. The American College of Emergency Physicians (ACEP) 2008 emergency ultrasound guideline.

Functional 
clinical category

Resuscitative Stabilization

Differential
diagnosis

Monitoring

Diagnostic

Symptom- or
sign-based

Procedural
guidance

Therapeutic

The role of 
emergency physician

Core application

Trauma

Intrauterine pregnancy

Abdominal aortic aneurysm

Cardiac

Biliary

Urinary tract

Deep vein thrombosis

Soft-tissue/musculoskeletal

Thoracic

Ocular

Procedural guidance

Fig. 10. Scope of practice of point-of-care ultrasound. Illustration drawn 
by Won Woong Lee.

■ Ultrasound-guided procedure
Peripheral and central line placement, arterial catheterization, aspiration or drainage of fluid  
   (thoracentesis, paracentesis, pericardiocentesis, arthrocentesis)

■ Ocular
Ocular structures
Optic nerve sheath diameter

■ Thoracic
Pleural effusion, lung sliding, 
   A-, B-line

■ Abdominal
Right upper abdomen, renal,  
   bowel, appendix, ovary,  
   bladder

■ Testicular
Testicular torsion, epididymitis

■ Transcranial
Transcranial Doppler

■ Vascular
Inferior vena cava, aorta,  
   femoral, popliteal vein

■ Musculoskeletal
Extremities, bone and joint,  
   soft tissue

■ Cardiac
C hamber size and function, 
pericardial effusion, valve, 
regional wall motion

Assessing organ systems

Applications in various clinical scenarios

■ Emergency care ■ Cardiopulmonary arrest

■ Chest pain

■ Shock

■ Dyspnea

■ Trauma

■ Critical care

■ Pediatric care
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vide crucial information for swift diagnosis and appropriate man-
agement in critical situations that demand immediate attention 
and intervention to prevent death or serious harm. Such critical 
situations include cardiac arrest [86,87,121], major torso trauma 
[99,122], shock [95,97,123,124], respiratory difficulty [29,125, 
126], chest pain [127–129], and life-threatening abdominal pain. 
Noncritical situations such as scrotal pain, ocular symptoms, soft 
tissue or musculoskeletal problems, and noncritical abdominal 
pain also fall within the scope of EM POCUS (Figs. 10, 11).
 While it may be challenging for EPs to provide optimal care for 
each patient without causing harm, their proficiency with POCUS 
would undoubtedly enhance patient flow and reduce errors.

POCUS IN CRITICAL CARE

POCUS is commonly used in critical care settings, primarily in the 
ICU where assessments should be comprehensive rather than ur-
gent. Given that POCUS examinations do not cover the full func-
tional and structural status of patients, comprehensive ultrasound 
has been commonly used in the ICU. Additionally, it may be chal-
lenging for ICU clinicians to master all the specialized and profes-
sional skills across various fields. Comprehensive echocardiogra-
phy requires considerably more image acquisition, proficiency, 
and experience than POCUS [130]. Thus, ICU clinicians determine 
whether ultrasound evaluation is needed and link clinical depart-
ments with experts.
 Many ICU clinicians are well-trained to perform specialized ul-
trasound studies. Several coronary care intensivists perform com-
prehensive echocardiography, whereas a few respiratory care in-
tensivists learn lung ultrasound. Hence, ICU clinicians can diag-
nose critically ill patients quickly and accurately with their ac-
quired abilities. A POCUS study in an ICU is dependent on the skill 
and experience of the clinician performing the study. Therefore, 
the scope of examination can vary based on both the clinician 

and patient admitted to the ICU [24]. Despite comprehensive ul-
trasound study, pleural effusion, pneumothorax, ascites, and deep 
vein thrombosis is frequently diagnosed using POCUS [131].
 Additionally, intensive care patients may experience sudden 
exacerbations of preexisting diseases or complications. ICU clini-
cians should be ready to evaluate and manage any hemodynamic 
and respiratory deteriorations using POCUS. Regardless of the 
type of ICU or disease being treated, POCUS is crucial for assess-
ing cardiac function, cardiac tamponade, significant valvular dys-
function, and determining the fluid responsiveness of patients in 
shock [24]. Given that the heart pumps and beats constantly, as-
sessing its function via the ultrasound can be quite challenging. 
Acquiring proficiency in echocardiography demands a significant 
investment of time and effort [131].
 Catheterization should always be conducted in an aseptic and 
safe manner under ultrasound guidance [132]. Furthermore, due 
to the severity of their conditions, ICU patients often have limited 
transportation. As a result, drainage catheters are frequently in-
serted into various thoracic and abdominal organs at the bedside.

POCUS EDUCATION CURRICULUM  
(STUDENTS AND RESIDENTS) 

Although academic hospitals have increasingly adopted POCUS, 
there remains a wide variability in residency training. The ACEP 
published the first guideline for emergency ultrasound in 2001 
[120], which had been subsequently updated in 2009 and 2014. 
On the other hand, the International Federation for Emergency 
Medicine (IFEM) released its POCUS guidelines in 2015 [129]. 
Both guidelines share similar applications and educational con-
tent, but their scope and methods differ. Educational guidelines 
suitable for medical practice are needed in Korea.

Fig. 11. Critical versus noncritical point-of-care ultrasound (POCUS) applications in the emergency department.

POCUS application

Critical care Noncritical care

Cardiac arrest
Major torso trauma
Shock
Shock-related symptoms: syncope, dizziness, sweating, mental change, etc.
Respiratory difficulty
Chest pain
Life-threatening abdominal pain: ulcer perforation, ruptured organ, mesenteric  
infarction or strangulation, abdominal aortic aneurysm, etc.

Monitor intracranial pressure
Monitor the endotracheal tube position

Scrotal pain
Soft tissue or musculoskeletal problems
Foreign body
Noncritical abdominal pain: appendicitis, enterocolitis, diverticulitis, biliary colic, 
ureteric colic, intussusception, noncomplicated bowel obstruction, etc.

Ocular symptoms
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ACEP policy statement
The ACEP categorizes emergency ultrasound into five clinical ar-
eas: resuscitation, diagnosis, symptoms, procedure guidance, and 
therapeutic monitoring. There are 12 core applications for POCUS, 
including trauma, intrauterine pregnancy, AAA, cardiac, biliary, 
urinary tract, deep vein thrombosis, musculoskeletal and nerve, 
thoracic, ocular, bowel, and procedural guidance. The ACEP advo-
cates for an educational curriculum that underscores the reasons 
for performing emergency ultrasounds and offers hands-on expe-
rience [49]. It is crucial to establish standardized training and ed-
ucation curricula for POCUS in areas such as scope of practice, 
competency training, hospital credentialing, specialty certifica-
tion, quality control, and leadership in clinical ultrasound [120].

IFEM POCUS curriculum 
The IFEM has established guidelines for POCUS training programs, 
categorizing applications into core and enhanced clinical applica-
tions. They emphasize initial introductions through short lectures 
and gaining experience in imaging acquisition, interpretation, and 
clinical integration [133].

POCUS training in undergraduate medical education 
The first national survey of undergraduate medical education in 
the United States revealed that ultrasound instruction was of-
fered in 62% of medical schools, predominantly in the third year 
[134]. According to the most recent national survey in 2020, 69 
medical schools have integrated the POCUS into their training 
curriculum [135]. A study that implemented a 4-year ultrasound 
curriculum found that its graduates relied more heavily on PO-
CUS than their peers in their respective specialties, and that their 
POCUS findings often influenced their case management [136].

POCUS training of EM in Korea 
In 2021 and 2022, the Society of Emergency and Critical Care 
Imaging (SECCI) conducted a Delphi survey of 50 specialists in 
emergency and critical care medicine who used POCUS to identi-
fy POCUS applications they should incorporate into their educa-
tion. The survey showed that domestic guidelines should follow 
international trends. However, further research is required to as-
certain the appropriate level of skill trainees should achieve at 
different stages of their training.
 Beyond acknowledging the significance of POCUS in emergen-
cy medical settings, basic ultrasound education also needs to be 
considered. Several educational methods and guidelines are being 
developed. At this point, we believe it necessary to establish 
guidelines for standardizing education in Korea.

FUTURE PERSPECTIVES AND BEYOND 

Currently, POCUS helps physicians diagnose and treat patients in 
real-time. Advances in POCUS have revolutionized EM, critical 
care, and severe trauma.

Beyond EDs, ICUs, and trauma centers
In various medical settings, POCUS could revolutionize diagnosis 
and treatment. In the future, POCUS may be applied to primary 
care clinics, ambulatory surgery centers, patients’ homes as well as 
EDs, ICUs, and trauma centers. As handheld devices become more 
advanced and lighter, they will become increasingly useful in areas 
such as prehospital emergency medicine, disaster relief, and war 
zones, where access to healthcare facilities may be limited.

Future perspectives
POCUS has become a valuable tool for healthcare providers to 
perform rapid assessments in clinical settings, particularly for ne-
onates and children who may not have easy access to conven-
tional imaging. In many emergency and critical care situations, 
this device provides real-time imaging and diagnostic capabilities 
near the patient’s bedside, aiding in prompt and accurate diagno-
sis [137]. As handheld devices become more advanced and light-
er, and as equipment and enhanced training programs become 
available, POCUS is expected to become an integral part of early 
patient care. 

CONCLUSION

POCUS is a versatile and valuable tool in emergency and critical 
care medicine. It provides real-time clinical information and en-
hances diagnostic accuracy. With the development of portable 
ultrasound devices, accessibility has expanded. Various applica-
tions of POCUS have demonstrated significant clinical benefits. 
However, appropriate usage and proper training are crucial to en-
sure patient safety and reliability. Guidelines and educational 
curricula are essential for standardizing POCUS training. As tech-
nology and training programs continue to advance, the effective-
ness of POCUS will only increase.

ETHICS STATEMENT

Not applicable.

CONFLICT OF INTEREST  

Yong Soon Cho and Je Hyeok Oh are Editorial Board members of 



376 www.ceemjournal.org 

Point-of-care ultrasound in critical care and emergency medicine

Clinical and Experimental Emergency Medicine, but were not in-
volved in in the peer reviewer selection, evaluation, or decision 
process of this article. No other potential conflict of interest rele-
vant to this article was reported.

FUNDING

None.

AUTHOR CONTRIBUTIONS

Conceptualization: WC, YSC; Investigation: WWL; Supervision: 
JHO; Validation: YRH, HL, BSK, YWK, CYK, EJ, YS, HBK, SJK, HK, 
DS, DHL, JYH, JHL; Writing–original draft: all authors; Writing–
review & editing: all authors. All authors read and approved the 
final manuscript.

ORCID

Wookjin Choi  https://orcid.org/0000-0001-8779-0081
Young Soon Cho  https://orcid.org/0000-0002-6843-9517
Young Rock Ha  https://orcid.org/0000-0002-4889-6550
Je Hyeok Oh  https://orcid.org/0000-0002-5211-3838
Heekyung Lee  https://orcid.org/0000-0001-5700-3331
Bo Seung Kang  https://orcid.org/0000-0002-0792-0198
Yong Won Kim https://orcid.org/0000-0003-0108-8932
Chan Young Koh  https://orcid.org/0000-0003-0967-8208
Ji Han Lee  https://orcid.org/0000-0003-1972-6170
Euigi Jung  https://orcid.org/0000-0001-5194-4720
Youdong Sohn  https://orcid.org/0000-0001-8789-0090
Han Bit Kim  https://orcid.org/0000-0001-7957-2711
Su Jin Kim  https://orcid.org/0000-0003-3769-9647
Hohyun Kim  https://orcid.org/0000-0001-9434-8654
Dongbum Suh  http://orcid.org/0000-0002-2449-1006
Dong Hyun Lee  https://orcid.org/0000-0001-6253-3396
Ju Young Hong  https://orcid.org/0000-0003-3416-3054
Won Woong Lee  https://orcid.org/0000-0003-0248-9172
 

REFERENCES 

1. Sekiguchi H. Tools of the trade: point-of-care ultrasonogra-
phy as a stethoscope. Semin Respir Crit Care Med 2016;37: 
68–87.

2. Goldberg BB, Gramiak R, Freimanis AK. Early history of diag-
nostic ultrasound: the role of American radiologists. AJR Am 
J Roentgenol 1993;160:189–94.

3. Cardim N, Fernandez Golfin C, Ferreira D, et al. Usefulness of 

a new miniaturized echocardiographic system in outpatient 
cardiology consultations as an extension of physical exami-
nation. J Am Soc Echocardiogr 2011;24:117–24.

4. Gorcsan J 3rd, Pandey P, Sade LE. Influence of hand-carried 
ultrasound on bedside patient treatment decisions for con-
sultative cardiology. J Am Soc Echocardiogr 2004;17:50–5.

5. Beaton A, Aliku T, Okello E, et al. The utility of handheld 
echocardiography for early diagnosis of rheumatic heart dis-
ease. J Am Soc Echocardiogr 2014;27:42–9.

6. Shokoohi H, Boniface KS, Pourmand A, et al. Bedside ultra-
sound reduces diagnostic uncertainty and guides resuscita-
tion in patients with undifferentiated hypotension. Crit Care 
Med 2015;43:2562–9.

7. Laursen CB, Sloth E, Lassen AT, et al. Does point-of-care ul-
trasonography cause discomfort in patients admitted with 
respiratory symptoms? Scand J Trauma Resusc Emerg Med 
2015;23:46.

8. Soni NJ, Schnobrich D, Mathews BK, et al. Point-of-care ul-
trasound for hospitalists: a position statement of the Society 
of Hospital Medicine. J Hosp Med 2019;14:E1–6.

9. Lewis D, Rang L, Kim D, et al. Recommendations for the use 
of point-of-care ultrasound (POCUS) by emergency physicians 
in Canada. CJEM 2019;21:721–6.

10. Coiffier B, Shen PC, Lee EY, et al. Introducing point-of-care 
ultrasound through structured multifaceted ultrasound mod-
ule in the undergraduate medical curriculum at the Universi-
ty of Hong Kong. Ultrasound 2020;28:38–46.

11. Gottlieb M, Arno K, Kuhns M, Chan TM. Distribution of clini-
cal rotations among emergency medicine residency programs 
in the United States. AEM Educ Train 2018;2:288–92.

12. Chung SH, Lee HJ, Kim HS, Oh JY. Health insurance benefit 
criteria and quality assurance policies of diagnostic ultra-
sound services in other countries. Health Policy Manag 2014; 
24:109–19.

13. Su E, Soni NJ, Blaivas M, Bhargava V, Steffen K, Haileselassie 
B. Regulating critical care ultrasound, it is all in the interpre-
tation. Pediatr Crit Care Med 2021;22:e253–8.

14. Blanco P, Volpicelli G. Common pitfalls in point-of-care ul-
trasound: a practical guide for emergency and critical care 
physicians. Crit Ultrasound J 2016;8:15.

15. Choi WJ, Ha YR, Oh JH, et al. Clinical guidance for point-of-
care ultrasound in the emergency and critical care areas af-
ter implementing insurance coverage in Korea. J Korean Med 
Sci 2020;35:e54.

16. Frentzel-Beyme B. From echo-sounding to color doppler so-
nography: the history of diagnostic ultrasonic diagnosis. Ra-
diologe 2005;45:363–70.

https://orcid.org/0000-0003-1972-6170


377Clin Exp Emerg Med 2023;10(4):363-381

Wookjin Choi, et al.

17. Eckel H. Sonography in emergency diagnosis of the abdomen 
(author’s transl). Rontgenblatter 1980;33:244–8.

18. Plummer D. Principles of emergency ultrasound and echo-
cardiography. Ann Emerg Med 1989;18:1291–7.

19. iData Research Inc. Versatile point of care ultrasound tech-
nology quickly gaining market share in the United States [In-
ternet]. GlobeNewswire; 2015 [cited 2023 Sep 10]. Available 
from: https://www.globenewswire.com/news-release/2015/ 
04/15/724774/26312/en/Versatile-Point-of-Care-Ultrasound-
Technology-Quickly-Gaining-Market-Share-in-the-United-
States.html

20. Mayo PH, Beaulieu Y, Doelken P, et al. American College of 
Chest Physicians/La Société de Réanimation de Langue Fran-
çaise statement on competence in critical care ultrasonogra-
phy. Chest 2009;135:1050–60.

21. Via G, Hussain A, Wells M, et al. International evidence-based 
recommendations for focused cardiac ultrasound. J Am Soc 
Echocardiogr 2014;27:683.

22. Laursen CB, Sloth E, Lambrechtsen J, et al. Focused sonogra-
phy of the heart, lungs, and deep veins identifies missed life-
threatening conditions in admitted patients with acute re-
spiratory symptoms. Chest 2013;144:1868–75.

23. Kovell LC, Ali MT, Hays AG, et al. Defining the role of point-
of-care ultrasound in cardiovascular disease. Am J Cardiol 
2018;122:1443–50.

24. Levitov A, Frankel HL, Blaivas M, et al. Guidelines for the ap-
propriate use of bedside general and cardiac ultrasonography 
in the evaluation of critically ill patients: Part II: cardiac ul-
trasonography. Crit Care Med 2016;44:1206–27.

25. Marbach JA, Almufleh A, Di Santo P, et al. Comparative ac-
curacy of focused cardiac ultrasonography and clinical ex-
amination for left ventricular dysfunction and valvular heart 
disease: a systematic review and meta-analysis. Ann Intern 
Med 2019;171:264–72.

26. Singh Y, Tissot C, Fraga MV, et al. International evidence-based 
guidelines on point of care ultrasound (POCUS) for critically 
ill neonates and children issued by the POCUS Working Group 
of the European Society of Paediatric and Neonatal Intensive 
Care (ESPNIC). Crit Care 2020;24:65.

27. Zanobetti M, Poggioni C, Pini R. Can chest ultrasonography 
replace standard chest radiography for evaluation of acute 
dyspnea in the ED? Chest 2011;139:1140–7.

28. Laursen CB, Sloth E, Lassen AT, et al. Point-of-care ultraso-
nography in patients admitted with respiratory symptoms: a 
single-blind, andomized controlled trial. Lancet Respir Med 
2014;2:638–46.

29. Lichtenstein DA, Meziere GA. Relevance of lung ultrasound 

in the diagnosis of acute respiratory failure: the BLUE proto-
col. Chest 2008;134:117–25.

30. Alrajhi K, Woo MY, Vaillancourt C. Test characteristics of ul-
trasonography for the detection of pneumothorax: a system-
atic review and meta-analysis. Chest 2012;141:703–8.

31. Al Deeb M, Barbic S, Featherstone R, Dankoff J, Barbic D. Point-
of-care ultrasonography for the diagnosis of acute cardiogen-
ic pulmonary edema in patients presenting with acute dys-
pnea: a systematic review and meta-analysis. Acad Emerg 
Med 2014;21:843–52.

32. Chavez MA, Shams N, Ellington LE, et al. Lung ultrasound for 
the diagnosis of pneumonia in adults: a systematic review 
and meta-analysis. Respir Res 2014;15:50.

33. Lichtenstein DA. Lung ultrasound in the critically ill. Ann In-
tensive Care 2014;4:1.

34. Blaivas M, Harwood RA, Lambert MJ. Decreasing length of 
stay with emergency ultrasound examination of the gallblad-
der. Acad Emerg Med 1999;6:1020–3.

35. Durston W, Carl ML, Guerra W, et al. Comparison of quality 
and cost-effectiveness in the evaluation of symptomatic 
cholelithiasis with different approaches to ultrasound avail-
ability in the ED. Am J Emerg Med 2001;19:260–9.

36. Miller AH, Pepe PE, Brockman CR, Delaney KA. ED ultrasound 
in hepatobiliary disease. J Emerg Med 2006;30:69–74.

37. Young N, Kinsella S, Raio CC, et al. Economic impact of addi-
tional radiographic studies after registered diagnostic medi-
cal sonographer (RDMS)-certified emergency physician-per-
formed identification of cholecystitis by ultrasound. J Emerg 
Med 2010;38:645–51.

38. Ross M, Brown M, McLaughlin K, et al. Emergency physician-
performed ultrasound to diagnose cholelithiasis: a systematic 
review. Acad Emerg Med 2011;18:227–35.

39. Kendall JL, Shimp RJ. Performance and interpretation of fo-
cused right upper quadrant ultrasound by emergency physi-
cians. J Emerg Med 2001;21:7–13.

40. Blaivas M, Adhikari S. Diagnostic utility of cholescintigraphy 
in emergency department patients with suspected acute 
cholecystitis: comparison with bedside RUQ ultrasonography. 
J Emerg Med 2007;33:47–52.

41. Burge HJ, Middleton WD, McClennan BL, Hildebolt CF. Ure-
teral jets in healthy subjects and in patients with unilateral 
ureteral calculi: comparison with color Doppler US. Radiology 
1991;180:437–42.

42. Strehlau J, Winkler P, de la Roche J. The uretero-vesical jet as 
a functional diagnostic tool in childhood hydronephrosis. Pe-
diatr Nephrol 1997;11:460–7.

43. Johnston KW, Rutherford RB, Tilson MD, Shah DM, Hollier L, 

from: https://www.globenewswire.com/news-release/2015/04/15/724774/26312/en/Versatile-Point-of-Care-Ultrasound-Technology-Quickly-Gaining-Market-Share-in-the-United-States.html
https://www.globenewswire.com/news-release/2015/04/15/724774/26312/en/Versatile-Point-of-Care-Ultrasound-Technology-Quickly-Gaining-Market-Share-in-the-United-States.html
https://www.globenewswire.com/news-release/2015/04/15/724774/26312/en/Versatile-Point-of-Care-Ultrasound-Technology-Quickly-Gaining-Market-Share-in-the-United-States.html
https://www.globenewswire.com/news-release/2015/04/15/724774/26312/en/Versatile-Point-of-Care-Ultrasound-Technology-Quickly-Gaining-Market-Share-in-the-United-States.html
https://www.globenewswire.com/news-release/2015/04/15/724774/26312/en/Versatile-Point-of-Care-Ultrasound-Technology-Quickly-Gaining-Market-Share-in-the-United-States.html


378 www.ceemjournal.org 

Point-of-care ultrasound in critical care and emergency medicine

Stanley JC. Suggested standards for reporting on arterial an-
eurysms. Subcommittee on Reporting Standards for Arterial 
Aneurysms, Ad Hoc Committee on Reporting Standards, So-
ciety for Vascular Surgery and North American Chapter, In-
ternational Society for Cardiovascular Surgery. J Vasc Surg 
1991;13:452–8.

44. Rubano E, Mehta N, Caputo W, Paladino L, Sinert R. System-
atic review: emergency department bedside ultrasonography 
for diagnosing suspected abdominal aortic aneurysm. Acad 
Emerg Med 2013;20:128–38.

45. Schmutz GR, Benko A, Fournier L, Peron JM, Morel E, Chiche L. 
Small bowel obstruction: role and contribution of sonogra-
phy. Eur Radiol 1997;7:1054–8.

46. Hefny AF, Corr P, Abu-Zidan FM. The role of ultrasound in the 
management of intestinal obstruction. J Emerg Trauma Shock 
2012;5:84–6.

47. Sargar KM, Siegel MJ. Sonography of acute appendicitis and 
its mimics in children. Indian J Radiol Imaging 2014;24:163–
70.

48. Nicola R, Dogra V. Ultrasound: the triage tool in the emer-
gency department: using ultrasound first. Br J Radiol 2016; 
89:20150790.

49. American College of Emergency Physicians. Emergency ultra-
sound imaging criteria compendium. American College of 
Emergency Physicians. Ann Emerg Med 2006;48:487–510.

50. Oulego-Erroz I, Gonzalez-Cortes R, Garcia-Soler P, et al. Ul-
trasound-guided or landmark techniques for central venous 
catheter placement in critically ill children. Intensive Care 
Med 2018;44:61–72.

51. Young B, Onwochei D, Desai N. Conventional landmark pal-
pation vs. preprocedural ultrasound for neuraxial analgesia 
and anaesthesia in obstetrics: a systematic review and meta-
analysis with trial sequential analyses. Anaesthesia 2021;76: 
818–31.

52. Karakitsos D, Labropoulos N, De Groot E, et al. Real-time ul-
trasound-guided atheterization of the internal jugular vein: 
a prospective comparison with the landmark technique in 
critical care patients. Crit Care 2006;10:R162.

53. Wu T, Dong Y, Song Hx, Fu Y, Li JH. Ultrasound-guided versus 
landmark in knee arthrocentesis: a systematic review. Semin 
Arthritis Rheum 2016;45:627–32.

54. Brass P, Hellmich M, Kolodziej L, Schick G, Smith AF. Ultra-
sound guidance versus anatomical landmarks for internal jug-
ular vein catheterization. Cochrane Database Syst Rev 2015;1: 
CD006962.

55. Lv Y, Liu H, Yu P, et al. Evaluating the long-, short-, and oblique-
axis approaches for ultrasound-guided vascular access can-

nulation. J Ultrasound Med 2019;38:347–55.
56. Ye W, Li D, Ji X, et al. Real-time ultrasound-guided internal 

jugular vein cannulation by oblique-axis in-plane: practice 
at the Fourth Hospital of Hebei Medical University. Int J Clin 
Pract 2021;75:e13673.

57. Batllori M, Urra M, Uriarte E, et al. Randomized comparison 
of three transducer orientation approaches for ultrasound 
guided internal jugular venous cannulation. Br J Anaesth 
2016;116:370–6.

58. Arora NR, Maddali MM, Al-Sheheimi RA, Al-Mughairi H, 
Panchatcharam SM. Ultrasound-guided out-of-plane versus 
in-plane radial artery cannulation in adult cardiac surgical 
patients. J Cardiothorac Vasc Anesth 2021;35:84–8.

59. Gold AK, Al-Ghofaily L, Wenger IE, Augoustides JG. Arterial 
access-choosing in-plane or out-of-plane imaging for vessel 
cannulation. J Cardiothorac Vasc Anesth 2021;35:89–90.

60. Forneris G, Marciello A, Savio D, Gallieni M. Ultrasound in 
central venous access for hemodialysis. J Vasc Access 2021; 
22(1_suppl):97–105.

61. Montrief T, Ramzy M, Long B. Micropuncture kits for difficult 
vascular access. Am J Emerg Med 2021;46:651–2.

62. Aaslid R, Markwalder TM, Nornes H. Noninvasive transcranial 
Doppler ultrasound recording of flow velocity in basal cere-
bral arteries. J Neurosurg 1982;57:769–74.

63. Lau VI, Jaidka A, Wiskar K, et al. Better with ultrasound: tran-
scranial Doppler. Chest 2020;157:142–50.

64. Montrief T, Alerhand S, Jewell C, Scott J. Incorporation of 
transcranial Doppler into the ED for the neurocritical care 
patient. Am J Emerg Med 2019;37:1144–52.

65. Maurer M, Shambal S, Berg D, et al. Differentiation between 
intracerebral hemorrhage and ischemic stroke by transcranial 
color-coded duplex-sonography. Stroke 1998;29:2563–7.

66. Meyer-Wiethe K, Sallustio F, Kern R. Diagnosis of intracere-
bral hemorrhage with transcranial ultrasound. Cerebrovasc 
Dis 2009;27 Suppl 2:40–7.

67. Avila-Reyes D, Acevedo-Cardona AO, Gomez-Gonzalez JF, 
Echeverry-Piedrahita DR, Aguirre-Florez M, Giraldo-Diaconea-
sa A. Point-of-care ultrasound in cardiorespiratory arrest (PO-
CUS-CA): narrative review article. Ultrasound J 2021;13:46.

68. Oh J, Cha KC, Lee JH, et al. 2020 Korean guidelines for car-
diopulmonary resuscitation. Part 4. Adult advanced life sup-
port. Clin Exp Emerg Med 2021;8(S):S26–40.

69. Panchal AR, Bartos JA, Cabanas JG, et al. Part 3: adult basic 
and advanced life support: 2020 American Heart Association 
guidelines for cardiopulmonary resuscitation and emergency 
cardiovascular care. Circulation 2020;142(16_suppl_2):S366– 
468.



379Clin Exp Emerg Med 2023;10(4):363-381

Wookjin Choi, et al.

70. Grmec S. Comparison of three different methods to confirm 
tracheal tube placement in emergency intubation. Intensive 
Care Med 2002;28:701–4.

71. Takeda T, Tanigawa K, Tanaka H, Hayashi Y, Goto E, Tanaka K. 
The assessment of three methods to verify tracheal tube 
placement in the emergency setting. Resuscitation 2003;56: 
153–7.

72. Tanigawa K, Takeda T, Goto E, Tanaka K. Accuracy and reli-
ability of the self-inflating bulb to verify tracheal intubation 
in out-of-hospital cardiac arrest patients. Anesthesiology 
2000;93:1432–6.

73. Milling TJ, Jones M, Khan T, et al. Transtracheal 2-d ultra-
sound for identification of esophageal intubation. J Emerg 
Med 2007;32:409–14.

74. Werner SL, Smith CE, Goldstein JR, Jones RA, Cydulka RK. Pi-
lot study to evaluate the accuracy of ultrasonography in 
confirming endotracheal tube placement. Ann Emerg Med 
2007;49:75–80.

75. Chou HC, Tseng WP, Wang CH, et al. Tracheal rapid ultra-
sound exam (T.R.U.E.) for confirming endotracheal tube place-
ment during emergency intubation. Resuscitation 2011;82: 
1279–84.

76. Kabil AE, Ewis AM, Al-Ashkar AM, Abdelatif MA, Nour MO. 
Real-time tracheal ultrasonography for confirming endotra-
cheal tube placement. Egypt J Bronchol 2018;12:323–8.

77. Chai HS, Kim YM, Park GJ, et al. Comparison between inter-
nal jugular vein access using midline catheter and peripheral 
intravenous access during cardiopulmonary resuscitation in 
adults. SAGE Open Med 2023;11:20503121231175318.

78. Park JB, Jo YI, Cho YS, et al. Factors affecting cardiopulmo-
nary resuscitation hands-off time in an emergency room. J 
Korean Soc Emerg Med 2012;23:221–8.

79. Kasatkin A, Urakov A, Nigmatullina A. Ultrasound-guided 
vascular access during cardiopulmonary resuscitation. In: 
Aslanidis TK, editor. Special topics in resuscitation. IntechO-
pen; 2018. p. 41–55.

80. Lazaar S, Mazaud A, Delsuc C, et al. Ultrasound guidance for 
urgent arterial and venous catheterisation: randomised con-
trolled study. Br J Anaesth 2021;127:871–8.

81. Dronen S, Thompson B, Nowak R, Tomlanovich M. Subclavian 
vein catheterization during cardiopulmonary resuscitation: a 
prospective comparison of the supraclavicular and infracla-
vicular percutaneous approaches. JAMA 1982;247:3227–30.

82. Mallin M, Louis H, Madsen T. A novel technique for ultra-
sound-guided supraclavicular subclavian cannulation. Am J 
Emerg Med 2010;28:966–9.

83. Breitkreutz R, Price S, Steiger HV, et al. Focused echocardio-

graphic evaluation in life support and peri-resuscitation of 
emergency patients: a prospective trial. Resuscitation 2010; 
81:1527–33.

84. Gaspari R, Weekes A, Adhikari S, et al. Emergency depart-
ment point-of-care ultrasound in out-of-hospital and in-ED 
cardiac arrest. Resuscitation 2016;109:33–9.

85. Jensen MB, Sloth E, Larsen KM, Schmidt MB. Transthoracic 
echocardiography for cardiopulmonary monitoring in inten-
sive care. Eur J Anaesthesiol 2004;21:700–7.

86. Breitkreutz R, Walcher F, Seeger FH. Focused echocardio-
graphic evaluation in resuscitation management: concept of 
an advanced life support-conformed algorithm. Crit Care 
Med 2007;35(5 Suppl):S150–61.

87. Hernandez C, Shuler K, Hannan H, Sonyika C, Likourezos A, 
Marshall J. C.A.U.S.E.: cardiac arrest ultra-sound exam: a 
better approach to managing patients in primary non-ar-
rhythmogenic cardiac arrest. Resuscitation 2008;76:198–
206.

88. Lichtenstein D, Malbrain ML. Critical care ultrasound in car-
diac arrest: technological requirements for performing the 
SESAME-protocol: a holistic approach. Anaesthesiol Inten-
sive Ther 2015;47:471–81.

89. Atkinson P, Bowra J, Milne J, et al. International Federation 
for Emergency Medicine consensus statement: sonography 
in hypotension and cardiac arrest (SHoC): an international 
consensus on the use of point of care ultrasound for undif-
ferentiated hypotension and during cardiac arrest. CJEM 
2017;19:459–70.

90. Flato UA, Paiva EF, Carballo MT, Buehler AM, Marco R, Timer-
man A. Echocardiography for prognostication during the re-
suscitation of intensive care unit patients with non-shock-
able rhythm cardiac arrest. Resuscitation 2015;92:1–6.

91. Hwang SO, Zhao PG, Choi HJ, et al. Compression of the left 
ventricular outflow tract during cardiopulmonary resuscita-
tion. Acad Emerg Med 2009;16:928–33.

92. Zanatta M, Lorenzi C, Scorpiniti M, Cianci V, Pasini R, Bar-
chitta A. Ultrasound-guided chest compressions in out-of-
hospital cardiac arrests. J Emerg Med 2020;59:e225–33.

93. Shoenberger JM, Massopust K, Henderson SO. The use of 
bedside ultrasound in cardiac arrest. Cal J Emerg Med 2007; 
8:47–50.

94. Vallet B, Robin E, Lebuffe G. Resuscitation from circulatory 
shock. In: Vincent JL, Abraham E, Moore FA, Kochanek PM, 
Fink MP, editors. Textbook of critical care. 7th ed. Elsevier; 
2017. p. 623–7.

95. Perera P, Mailhot T, Riley D, Mandavia D. The RUSH exam: 
rapid ultrasound in shock in the evaluation of the critically 



380 www.ceemjournal.org 

Point-of-care ultrasound in critical care and emergency medicine

ill. Emerg Med Clin North Am 2010;28:29–56.
96. Seif D, Perera P, Mailhot T, Riley D, Mandavia D. Bedside ul-

trasound in resuscitation and the rapid ultrasound in shock 
protocol. Crit Care Res Pract 2012;2012:503254.

97. Atkinson PR, McAuley DJ, Kendall RJ, et al. Abdominal and 
Cardiac Evaluation with Sonography in Shock (ACES): an ap-
proach by emergency physicians for the use of ultrasound in 
patients with undifferentiated hypotension. Emerg Med J 
2009;26:87–91.

98. Atkinson P, Bowra J, Milne J, et al. International Federation 
for Emergency Medicine Consensus Statement: sonography 
in hypotension and cardiac arrest (SHoC): an international 
consensus on the use of point of care ultrasound for undif-
ferentiated hypotension and during cardiac arrest: corrigen-
dum. CJEM 2017;19:327.

99. Kirkpatrick AW, Sirois M, Laupland KB, et al. Hand-held tho-
racic sonography for detecting post-traumatic pneumotho-
races: the Extended Focused Assessment with Sonography 
for Trauma (EFAST). J Trauma 2004;57:288–95.

100. Dulchavsky SA, Henry SE, Moed BR, et al. Advanced ultra-
sonic diagnosis of extremity trauma: the FASTER examina-
tion. J Trauma 2002;53:28–32.

101. Volpicelli G, Elbarbary M, Blaivas M, et al. International evi-
dence-based recommendations for point-of-care lung ultra-
sound. Intensive Care Med 2012;38:577–91.

102. Mennicke M, Gulati K, Oliva I, et al. Anatomical distribution 
of traumatic pneumothoraces on chest computed tomogra-
phy: implications for ultrasound screening in the ED. Am J 
Emerg Med 2012;30:1025–31.

103. Elliott DS, Baker PA, Scott MR, Birch CW, Thompson JM. Ac-
curacy of surface landmark identification for cannula crico-
thyroidotomy. Anaesthesia 2010;65:889–94.

104. Wilkerson RG, Stone MB. Sensitivity of bedside ultrasound 
and supine anteroposterior chest radiographs for the identi-
fication of pneumothorax after blunt trauma. Acad Emerg 
Med 2010;17:11–7.

105. Lichtenstein D, Hulot JS, Rabiller A, Tostivint I, Meziere G. 
Feasibility and safety of ultrasound-aided thoracentesis in 
mechanically ventilated patients. Intensive Care Med 1999; 
25:955–8.

106. Ferrada P, Murthi S, Anand RJ, Bochicchio GV, Scalea T. Trans-
thoracic focused rapid echocardiographic examination: real-
time evaluation of fluid status in critically ill trauma patients. 
J Trauma 2011;70:56–64.

107. Gunst M, Ghaemmaghami V, Sperry J, et al. Accuracy of car-
diac function and volume status estimates using the bedside 
echocardiographic assessment in trauma/critical care. J Trau-

ma 2008;65:509–16.
108. Natarajan B, Gupta PK, Cemaj S, Sorensen M, Hatzoudis GI, 

Forse RA. FAST scan: is it worth doing in hemodynamically 
stable blunt trauma patients? Surgery 2010;148:695–701.

109. Miller DL, Abo A, Abramowicz JS, et al. Diagnostic ultrasound 
safety review for point-of-care ultrasound practitioners. J 
Ultrasound Med 2020;39:1069–84.

110. Pereda MA, Chavez MA, Hooper-Miele CC, et al. Lung ultra-
sound for the diagnosis of pneumonia in children: a meta-
analysis. Pediatrics 2015;135:714–22.

111. Longjohn M, Wan J, Joshi V, Pershad J. Point-of-care echocar-
diography by pediatric emergency physicians. Pediatr Emerg 
Care 2011;27:693–6.

112. Riera A, Hsiao AL, Langhan ML, Goodman TR, Chen L. Diag-
nosis of intussusception by physician novice sonographers in 
the emergency department. Ann Emerg Med 2012;60:264–8.

113. Friedman N, Pancer Z, Savic R, et al. Accuracy of point-of-
care ultrasound by pediatric emergency physicians for testic-
ular torsion. J Pediatr Urol 2019;15:608.

114. Holmes JF, Kelley KM, Wootton-Gorges SL, et al. Effect of 
abdominal ultrasound on clinical care, outcomes, and re-
source use among children with blunt torso trauma: a ran-
domized clinical trial. JAMA 2017;317:2290–6.

115. Pai DR, Thapa M. Musculoskeletal ultrasound of the upper 
extremity in children. Pediatr Radiol 2013;43 Suppl 1:S48–
54.

116. de Souza TH, Brandao MB, Nadal JA, Nogueira RJ. Ultrasound 
guidance for pediatric central venous catheterization: a me-
ta-analysis. Pediatrics 2018;142:e20181719.

117. Fraga MV, Stoller JZ, Glau CL, et al. Seeing is believing: ultra-
sound in pediatric procedural performance. Pediatrics 2019; 
144:e20191401.

118. Thapa M, Vo JN, Shiels WE 2nd. Ultrasound-guided musculo-
skeletal procedures in children. Pediatr Radiol 2013;43 Suppl 
1:S55–60.

119. Golea AC. Is point of care ultrasound (PoCUS) integrated in 
clinical exam a key-tool for the future emergency physician? 
Med Ultrason 2017;19:250–1.

120. American College of Emergency Physicians. Emergency ultra-
sound guidelines. Ann Emerg Med 2009;53:550–70.

121. Gardner KF, Clattenburg EJ, Wroe P, Singh A, Mantuani D, 
Nagdev A. The Cardiac Arrest Sonographic Assessment (CASA) 
exam: a standardized approach to the use of ultrasound in 
PEA. Am J Emerg Med 2018;36:729–31.

122. Zanobetti M, Coppa A, Nazerian P, et al. Chest abdominal-
focused assessment sonography for trauma during the pri-
mary survey in the emergency department: the CA-FAST 



381Clin Exp Emerg Med 2023;10(4):363-381

Wookjin Choi, et al.

protocol. Eur J Trauma Emerg Surg 2018;44:805–10.
123. Leroux P, Javaudin F, Le Bastard Q, et al. Goal-directed ultra-

sound protocol in patients with nontraumatic undifferenti-
ated shock in the emergency department: prospective dual 
centre study. Eur J Emerg Med 2021;28:306–11.

124. Ramadan A, Abdallah T, Abdelsalam H, Mokhtar A, Razek AA. 
Accuracy of echocardiography and ultrasound protocol to 
identify shock etiology in emergency department. BMC Emerg 
Med 2022;22:117.

125. Gallard E, Redonnet JP, Bourcier JE, et al. Diagnostic perfor-
mance of cardiopulmonary ultrasound performed by the 
emergency physician in the management of acute dyspnea. 
Am J Emerg Med 2015;33:352–8.

126. Vauthier C, Chabannon M, Markarian T, et al. Point-of-care 
chest ultrasound to diagnose acute heart failure in emergen-
cy department patients with acute dyspnea: diagnostic per-
formance of an ultrasound-based algorithm. Emergencias 
2021;33:441–6.

127. Ahn JH, Jeon J, Toh HC, et al. SEARCH 8Es: a novel point of 
care ultrasound protocol for patients with chest pain, dys-
pnea or symptomatic hypotension in the emergency depart-
ment. PLoS One 2017;12:e0174581.

128. Atar S, Feldman A, Darawshe A, Siegel RJ, Rosenfeld T. Utility 
and diagnostic accuracy of hand-carried ultrasound for emer-
gency room evaluation of chest pain. Am J Cardiol 2004;94: 
408–9.

129. Colony MD, Edwards F, Kellogg D. Ultrasound assisted evalua-
tion of chest pain in the emergency department. Am J Emerg 
Med 2018;36:533–9.

130. Spencer KT, Kimura BJ, Korcarz CE, Pellikka PA, Rahko PS, Sie-
gel RJ. Focused cardiac ultrasound: recommendations from 
the American Society of Echocardiography. J Am Soc Echo-
cardiogr 2013;26:567–81.

131. Pellikka PA. Cardiac point-of-care ultrasound (POCUS): ex-
tending the reach. J Am Soc Echocardiogr 2023;36:263–4.

132. Frankel HL, Kirkpatrick AW, Elbarbary M, et al. Guidelines for 
the appropriate use of bedside general and cardiac ultraso-
nography in the evaluation of critically ill patients: part I: 
general ultrasonography. Crit Care Med 2015;43:2479–502.

133. Atkinson P, Bowra J, Lambert M, Lamprecht H, Noble V, Jar-
man B. International Federation for Emergency Medicine 
point of care ultrasound curriculum. CJEM 2015;17:161–70.

134. Bahner DP, Goldman E, Way D, Royall NA, Liu YT. The state  
of ultrasound education in U.S. medical schools: results of a 
national survey. Acad Med 2014;89:1681–6.

135. Russell FM, Zakeri B, Herbert A, Ferre RM, Leiser A, Wallach 
PM. The state of point-of-care ultrasound training in under-
graduate medical education: findings from a national survey. 
Acad Med 2022;97:723–7.

136. Nguyen AP, Saadat S, Nguyen MT, Desai MD, Rowland JW, 
Fox JC. Utilization of point-of-care ultrasound among gradu-
ates of a 4-year longitudinal medical school ultrasound cur-
riculum. Clin Exp Emerg Med 2023;10:224–9.

137. Martocchia A, Bentivegna E, Sergi D, et al. The point-of-care 
ultrasound (POCUS) by the handheld ultrasound devices 
(HUDs) in the COVID-19 scenario: a review of the literature. 
SN Compr Clin Med 2023;5:1.



382 © 2023 The Korean Society of Emergency Medicine

Expert opinion on evidence after the 
2020 Korean Cardiopulmonary 
Resuscitation Guidelines: a secondary 
publication
Sung Phil Chung1, Youdong Sohn2, Jisook Lee3, Youngsuk Cho2, 
Kyoung-Chul Cha4, Ju Sun Heo5,6, Ai-Rhan Ellen Kim7, Jae Guk Kim8, 
Han-Suk Kim9, Hyungoo Shin10, Chiwon Ahn11, Ho Geol Woo12,  
Byung Kook Lee13, Yong Soo Jang8, Yu Hyeon Choi14, Sung Oh Hwang4; 
on behalf of the Guideline Committee of the Korean Association of 
Cardiopulmonary Resuscitation (KACPR)
1Department of Emergency Medicine, Yonsei University College of Medicine, Seoul, Korea
2Department of Emergency Medicine, Hallym University Kangdong Sacred Heart Hospital, Seoul, Korea
3Department of Emergency Medicine, Ajou University School of Medicine, Suwon, Korea
4Department of Emergency Medicine, Yonsei University Wonju College of Medicine, Wonju, Korea
5Department of Pediatrics, Korea University College of Medicine, Seoul, Korea
6Institute of Nano, Regeneration, Reconstruction, Korea University, Seoul, Korea
7Department of Pediatrics, CHA University Ilsan Medical Center, Goyang, Korea
8Department of Emergency Medicine, Hallym University Kangnam Sacred Heart Hospital, Seoul, Korea
9Department of Pediatrics, Seoul National University College of Medicine, Seoul, Korea
10Department of Emergency Medicine, Hanyang University College of Medicine, Seoul, Korea
11Department of Emergency Medicine, Chung-Ang University College of Medicine, Seoul, Korea
12Department of Neurology, Kyung Hee University College of Medicine, Seoul, Korea
13Department of Emergency Medicine, Chonnam National University Medical School, Gwangju, Korea
14Department of Pediatrics, Seoul Medical Center, Seoul, Korea

Considerable evidence has been published since the 2020 Korean Cardiopulmonary Resuscita-
tion Guidelines were reported. The International Liaison Committee on Resuscitation (ILCOR) 
also publishes the Consensus on CPR and Emergency Cardiovascular Care Science with Treat-
ment Recommendations (CoSTR) summary annually. This review provides expert opinions by re-
viewing the recent evidence on CPR and ILCOR treatment recommendations. The authors re-
viewed the CoSTR summary published by ILCOR in 2021 and 2022. PICO (patient, intervention, 
comparison, outcome) questions for each topic were reviewed using a systemic or scoping re-
view methodology. Two experts were appointed for each question and reviewed the topic inde-
pendently. Topics suggested by the reviewers for revision or additional description of the guide-
lines were discussed at a consensus conference. Forty-three questions were reviewed, including 
15 on basic life support, seven on advanced life support, two on pediatric life support, 11 on neo-
natal life support, six on education and teams, one on first aid, and one related to COVID-19. Fi-
nally, the current Korean CPR Guideline was maintained for 28 questions, and expert opinions 
were suggested for 15 questions.
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INTRODUCTION

The Korean cardiopulmonary resuscitation (CPR) guidelines have 
been updated periodically since they were first developed in 2006, 
with the fourth revised version published in 2020 [1]. The Inter-
national Liaison Committee on Resuscitation (ILCOR) reviews the 
latest evidence and publishes the Consensus on CPR and Emer-
gency Cardiovascular Care Science with Treatment Recommen-
dation (CoSTR) every 5 years starting in 2005, which is summa-
rized as a practice guideline. The Korean CPR guidelines can be 
developed based on the CoSTR because the Korean Association of 
Cardiopulmonary Resuscitation (KACPR) participated in the evi-
dence review process as a member of the Resuscitation Council 
of Asia, a member organization of the ILCOR [2].
 As research and publications in the field of resuscitation have 
increased, the need to shorten the update cycle of CPR guidelines 
has increased. Accordingly, the ILCOR has been conducting evi-
dence reviews and publishing CoSTR summaries annually since 
2017 [3]. It also releases an annual update of CoSTR summaries 
since the introduction of the 2020 guidelines [4,5], which can be 
found on its website (costr.ilcor.org). The Guideline Committee of 
KACPR concluded that it would be better to review recent evi-
dence and to update the necessary contents before the next revi-
sion of the Korean CPR guidelines, which is scheduled for 2025. 
This review includes expert consensus opinions regarding the evi-
dence on CPR published after the 2020 Korean CPR Guidelines.

EVIDENCE REVIEW METHODOLOGY

The evidence review focused on the topics of the CoSTR summa-
ries published by the ILCOR in 2021 [4] and 2022 [5]. The mem-
bers of the CPR Guidelines Committee and the evidence reviewers 
included experts recommended by eight professional organiza-

What is already known
Cardiopulmonary resuscitation (CPR) guidelines are revised every 5 years. Since the 2020 guidelines were published, the 
International Liaison Committee on Resuscitation (ILCOR) has published evidence summaries every year. It is necessary 
to update the recommendations continuously, reflecting the new evidence.

What is new in the current study
This review summarizes the expert opinions on the new evidence since the 2020 Korean Cardiopulmonary Resuscitation 
Guidelines. Forty-three PICO (patient, intervention, comparison, outcome) questions were reviewed, and consensus 
opinions were suggested for 15 questions.

tions related to the CPR guidelines. The committee members and 
evidence reviewers were experts with experience using the meth-
odology for revising the guidelines, including literature search, 
systemic review and meta-analysis, and the GRADE (Grading of 
Recommendations Assessment, Development, and Evaluation) 
method. Members of the CPR Guidelines Committee selected 
items that required evidence review among the topics of CoSTR 
summaries. For review of the topics, the PICO (patient, interven-
tion, comparison, outcome) format was used. For the evidence 
review, domestic papers as well as papers published in interna-
tional journals were reviewed. PubMed, Embase, Cochrane Cen-
tral Register of Controlled Trials (CENTRAL), Education Resources 
Information Center (ERIC), and KoreaMed were utilized for litera-
ture search. Since the 2020 Korean CPR Guidelines included pa-
pers published up to September 2020, papers published from Oc-
tober 2020 to May 2023 were included in this review. For topics 
not covered in the 2020 Korean CPR Guidelines, papers prior to 
2020 were also reviewed. The review process used one of three 
methodologies: systematic review, scoping review, or evidence 
update. Among the PICO questions on first aid, those unrelated to 
CPR were excluded. A total of 43 PICO questions was selected for 
the review, including 15 on basic life support, seven on advanced 
life support, two on pediatric life support, 11 on neonatal life sup-
port, six on education implementation team, one on first aid, and 
one on COVID-19.
 Two experts independently reviewed each PICO question. If 
one reviewer suggested the need for revision or addition of the 
2020 Korean CPR Guidelines, the PICO question was sent to the 
consensus workshop for discussion and decision (Fig. 1). As a re-
sult, new expert consensus opinions were presented for 15 PICO 
questions (Table 1).
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BASIC LIFE SUPPORT

Video-based dispatch system
Several studies have compared CPR quality to evaluate the effec-
tiveness of video-based emergency dispatch systems. However, 
only two retrospective observational studies reported in Korea 
[6,7] compared patient survival as an outcome. The implementa-
tion of video-based emergency dispatch systems compared to 
that of the conventional audio-based systems improved the sur-
vival-to-discharge rate (22.3% vs. 10.7%; odds ratio [OR], 2.33; 
P<0.001) and the rate of good neurological outcomes at discharge 
(16.0% vs. 6.3%; OR, 2.77; P<0.001) [8]. The 2020 Korean CPR 
Guidelines recommend dispatcher-assisted CPR; however, only 
the use of speaker phones or hands-free functions is recommend-
ed during dispatcher-assisted CPR. We recommend implementing 
a video-based dispatch system for improving the survival rate and 
neurological outcomes of patients with cardiac arrest.

CPR during transport
In an observational study reported from North America [9], the 
intra-arrest transport group compared with the on-site CPR group 
had a lower survival-to-discharge rate (4.0% vs. 8.5%; risk differ-
ence, 4.6%; range, 4.0%–5.1%) and poor neurological outcomes 
(2.9% vs. 7.1%; risk difference, 4.2%; range, 3.5%–4.9%). How-
ever, it is difficult to generalize this result because the prehospital 
emergency medical services systems in North America differ from 
those in Korea in terms of the composition of emergency medical 
personnel, level of prehospital emergency care, and related legal 

regulations. The ILCOR suggested that CPR should be performed 
on-site, except in cases where the need for transport is clear, such 
as in cases of extracorporeal membrane oxygenation (ECMO) can-
didates. 
 The 2020 Korean CPR Guidelines recommend that transfer to 
the hospital be considered if spontaneous circulation is not re-
stored after 6 minutes of basic life support or 10 minutes of ad-
vanced life support at the scene. For CPR during transport, the 
Guideline Committee decided to maintain current recommenda-
tions. During transport to a hospital, high-quality CPR should be 
maintained.

In-water resuscitation for individuals who experienced 
drowning
In a retrospective observational study [10] comparing a group that 
received rescue ventilation for 1 minute in water when drowning 
and another that did not, initial survival (94.7% vs. 37.0%, P<0.001), 
survival-to-discharge (87.5% vs. 25%, P=0.005), and good neu-
rological outcome (52.6% vs. 7.4%, P=0.001) rates were higher 
in the group that received rescue ventilation. In-water resuscita-
tion can be considered in situations where adequately trained per-
sonnel can use appropriate equipment.

ECMO for individuals who experienced drowning
In the 2020 Korean CPR Guidelines, there was no recommenda-
tion for the use of ECMO in individuals who experienced drown-
ing. The ILCOR analyzed two retrospective observational studies 
[11,12] and 11 case reports and stated that ECMO can be consid-

Fig. 1. The process of guideline update. ILCOR, International Liaison Committee on Resuscitation; CoSTR, Consensus on CPR and Emergency Cardiovas-
cular Care Science with Treatment Recommendations.
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ered in some patients with cardiac arrest who do not respond to 
conventional CPR. Therefore, ECMO may be beneficial in patients 
with cardiac arrest or severe respiratory failure due to drowning.

The C-A-B or A-B-C approach in cases of drowning
Nine studies were reviewed; however, none compared the order 
of CPR in cases of drowning [10,13,14]. The ILCOR suggested, with 
expert consensus, starting CPR with chest compressions (the C 
[circulation]-A [airway]-B [breathing] approach) for the layper-
son, whereas healthcare providers could consider starting rescue 
ventilation before chest compressions (the A-B-C approach). The 
2020 Korean Guidelines do not include recommendations on whe-
ther the CPR sequence should be changed depending on circum-
stances, including drowning. In addition to the suggestion of IL-

COR, considering the simplicity and practicality of CPR training, 
the C-A-B sequence, starting with chest compressions, is recom-
mended for the sequence of CPR even for a drowning victim.

ADVANCED LIFE SUPPORT

TTM after cardiac arrest
In a targeted temperature management (TTM) trial [15] compar-
ing target temperatures of 33 °C versus 36 °C and the TTM2 trial 
[16] comparing 33 °C versus normothermia below 37.5 °C (fever 
prevention), no difference was observed in survival to discharge, 
180-day survival, or neurological outcomes at 180 days. Accord-
ing to a network meta-analysis [17] comparing the effects of tar-
get temperatures in 10 randomized controlled studies, compared 

Table 1. Topics reviewed by evidence reviewers

Topic Recommendation summary

Basic life support

Video-based dispatch system We recommend implementing a video-based dispatch system.

CPR during transport We recommend that transfer to the hospital be considered if spontaneous circulation is not restored after 6 min of 
basic life support or 10 min of advanced life support at the scene.

In-water resuscitation in drowning In-water resuscitation can be considered in situations where adequately trained personnel can use appropriate 
equipment.

ECMO in drowning ECMO may be beneficial in patients with cardiac arrest due to drowning or in patients with severe respiratory failure 
due to drowning.

C-A-B or A-B-C in drowning The C-A-B sequence, starting with chest compressions, is recommended for the sequence of CPR even for a drowning 
victim.

Advanced life support

Targeted temperature management after cardiac 
arrest

We recommend that the target temperature should be maintained at 32–36 °C for at least 24 hr, as recommended 
by the 2020 Korean CPR Guidelines.

Vasopressin and corticosteroids for cardiac arrest We suggest considering using vasopressin and steroid combination therapy during CPR in an IHCA setting.

Consciousness during CPR Sedatives, analgesics, or both may be used in very small doses, if possible, to reduce pain and suffering in conscious 
patients during CPR. 

Neuromuscular blocking drugs should not be administered alone to conscious patients.

CPR and defibrillation in the prone position CPR can be started in patients in the prone position and a secure airway if the change to the supine position is not 
possible. 

Pediatric life support

PEWS with or without rapid response teams A scoring system that can detect early warning signs of pediatric cardiac arrest considering the available resources of 
each hospital is recommended.

No recommendation on the pediatric rapid response team.

Neonatal life support

Cord management at birth for preterm infants We suggest delayed cord clamping of 30 sec or longer in preterm infants less than 34 wk of gestation who do not 
require resuscitation, and intact cord milking as a reasonable alternative to delayed cord clamping in preterm in-
fants between 28 and 33 wk of gestation.

Education

Pre-arrest prediction of survival following IHCA The use of these predictive scales in patients with IHCA is not recommended.

Basic life support training for potential rescuers  
for the population at a high risk of cardiac arrest

We recommend that basic life support should be taught to potential rescuers of the population at high risk of cardiac 
arrest.

Blended learning for life support education We recommend developing and implementing a blended form of CPR education in addition to the conventional 
training methods.

Faculty development approaches We recommend introducing the instructor training program.

CPR, cardiopulmonary resuscitation; ECMO, extracorporeal membrane oxygenation; C-A-B, circulation-airway-breathing; A-B-C, airway-breathing-circulation; IHCA, in-
hospital cardiac arrest; PEWS, Pediatric Early Warning Score.
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to normothermia (37–37.8 °C), body temperatures of 31–32, 33–
34, and 35–36 °C did not improve survival or neurological out-
comes. The ILCOR recommended maintaining the body tempera-
ture below 37.5 °C because it can reduce the burden on medical 
personnel and side effects and the use of fever prevention instead 
of maintaining normothermia [18]. In the TTM2 study, more than 
90% of the cardiac arrests were witnessed, and 62% to 63% of 
initial rhythms were ventricular fibrillation. The characteristics of 
out-of-hospital cardiac arrest (OHCA) patients in Korea are dif-
ferent from those of patients included in the TTM and TTM2 stud-
ies. Compared to patients enrolled in the TTM and TTM2 studies, 
Korean OHCA patients had a much lower incidence of a shock-
able rhythm and a longer time from collapse to recovery of spon-
taneous circulation, which might be associated with a higher 
chance of a severe post-cardiac arrest syndrome. Therefore, it is 
necessary to consider differences in the characteristics of cardiac 
arrest patients in Korea. In the fever prevention group of the TTM2 
study [16], acetaminophen and a method of removing clothes 
and lowering the room temperature were used; temperature con-
trol devices were used to control body temperature in 46% of 
cases. Retrospective studies have suggested that hypothermia 
can improve neurological outcomes in patients with severe cere-
bral ischemic injury [19–21]. We recommend that target temper-
ature should be maintained at 32–36 °C for at least 24 hours, as 
recommended by the 2020 Korean CPR Guidelines.

Vasopressin and corticosteroids for cardiac arrest
Three randomized controlled trials [22–24] including patients 
with in-hospital cardiac arrest showed that the use of vasopres-
sin and steroids did not improve the survival to discharge rate 
(OR, 1.39; 95% confidence interval [CI], 0.90–2.14) or rate of 
good neurological outcomes (OR, 1.64; 95% CI, 0.99–2.72). How-
ever, it increased the rate of return of spontaneous circulation 
(ROSC; OR, 2.09; 95% CI, 1.54–2.84). The ILCOR recommended 
not using the vasopressin and steroid combination therapy during 
CPR because it has not been associated with any significant dif-
ference in survival, and no study including patients with OHCA 
has been conducted. The 2020 Korean Guidelines did not provide 
any recommendations on the combined use of vasopressin and 
steroids during CPR. Considering that the combination of these 
drugs increases the ROSC rate and that these drugs are commonly 
used in hospitals, we suggest vasopressin and steroid combina-
tion therapy during CPR in an in-hospital cardiac arrest setting.

Consciousness during CPR
There have been three observational studies; one cross-sectional 
study; and several case reports on pain, anxiety, agitation, and 

posttraumatic stress disorder in conscious patients during CPR. 
The studies reported that they verbally reassured the patients or 
administered sedatives or neuromuscular blockers [25–49]. Fol-
lowing the results of the scoping review conducted by the ILCOR, 
we recommend the following: (1) sedatives, analgesics, or both 
may be used in very small doses, if possible, to reduce pain and 
suffering in conscious patients during CPR; (2) neuromuscular 
blocking drugs should not be administered alone to conscious 
patients; (3) the optimal drug regimen for sedation and analgesia 
during CPR is unclear, and a regimen commonly used in critically 
ill patients can be used.

CPR and defibrillation in the prone position
Twenty adult and 12 pediatric cases of cardiac arrest in the prone 
position have been reported. Most of these cases were observed 
in the operating room and one case in the intensive care unit 
[50–68]. There was no significant difference in the rate of ROSC 
or survival discharge among patients for whom chest compres-
sions were started immediately in the prone position compared 
with patients for which chest compressions were started after 
changing the position from prone to supine. Arterial pressure 
during CPR was higher in the prone position group [69,70]. The 
end-tidal carbon dioxide partial pressure in five adults and two 
children was 10 mmHg or higher, and the time interval from col-
lapse to defibrillation was shortened when defibrillation was per-
formed in the prone position [54–56,61,65,71–73]. As recommend-
ed by ILCOR, we recommend the following for adults with cardiac 
arrest in the prone position: (1) if cardiac arrest occurs in the prone 
position with a secured airway, CPR can be started if change to 
the supine position is not possible or poses a significant risk to 
the patient; (2) if cardiac arrest occurs in the prone position with-
out a secure airway, the patient position should be changed to 
supine and CPR should be initiated as soon as possible; (3) if a 
patient with cardiac arrest is in the prone position and cannot 
immediately be placed in the supine position, defibrillation can 
be attempted in the prone position.

PEDIATRIC LIFE SUPPORT

Pediatric early warning scores and pediatric rapid  
response teams
One randomized controlled trial [74] and 11 cohort studies [75–
85] of pediatric early warning scoring systems or implementation 
of a pediatric rapid response system were reviewed. The use of 
the pediatric early warning score tended to reduce the incidence 
of in-hospital cardiac arrest, mortality, and unexpected clinical 
deterioration. However, since research on the elements to be in-
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cluded in the pediatric early warning scoring system is lacking, a 
scoring system that can detect early warning signs of pediatric 
cardiac arrest, considering the available resources of each hospi-
tal, is recommended. Operation of a pediatric rapid response team 
is associated with a considerable decline in the preintervention 
trajectory of critical deterioration and a decreased likelihood of 
respiratory and cardiopulmonary arrest outside of the critical care 
unit. However, considering that the medical resources and hospi-
tal environment of the hospital where the study was conducted 
were different from those in Korea, the experts decided to make 
recommendations on the pediatric rapid response team after ad-
ditional research results in Korea are released.

NEONATAL LIFE SUPPORT

Cord management at birth for preterm infants
According to a systematic review [86] comparing delayed cord 
clamping and early cord clamping in preterm infants with a ges-
tational age less than 34 weeks, delayed cord clamping resulted 
in significantly higher hemoglobin and hematocrit within 24 hours 
after birth and hematocrit at 7 days after birth and lowest mean 
arterial pressure within 12 hours after birth. Furthermore, the risk 
of using inotropics due to hypotension and blood transfusions 
within 24 hours after birth was significantly lower in these in-
fants. When intact cord milking and early cord clamping were 
compared, hemoglobin and hematocrit levels within 24 hours af-
ter birth were significantly higher and the risk of using inotropics 
due to hypotension and blood transfusions within 24 hours after 
birth was significantly lower in infants with intact cord milking. 
On the other hand, comparison of delayed cord clamping and in-
tact cord milking revealed no significant intergroup differences in 
these parameters. Based on these findings, the 2021 ILCOR CoSTR 
suggests delayed cord clamping for more than 30 seconds in pre-
term infants less than 34 weeks of gestational age who do not 
require immediate resuscitation and intact cord milking as a rea-
sonable alternative to delayed cord clamping in preterm infants 
between 28 and 33 weeks of gestation. The 2020 Korean CPR 
Guidelines recommend that umbilical cord milking not be per-
formed in infants less than 28 weeks of gestation due to the in-
creased risk of intraventricular hemorrhage.
 We suggest delayed cord clamping of 30 seconds or longer in 
preterm infants less than 34 weeks of gestation who do not re-
quire resuscitation and intact cord milking as a reasonable alter-
native to delayed cord clamping in preterm infants between 28 
and 33 weeks of gestation.

EDUCATION, IMPLEMENTATION, AND TEAM

Pre-arrest prediction of survival following in-hospital 
cardiac arrest
Pre-arrest clinical prediction rules, such as pre-arrest morbidity, 
prognosis after resuscitation, and good outcome following at-
tempted resuscitation scores, have been studied for predicting 
the prognosis of patients with in-hospital cardiac arrest; however, 
reliable results have not been achieved [87–93]. Therefore, the 
use of these predictive scales in patients with in-hospital cardiac 
arrest is not recommended. In addition, since there have been no 
related studies in pediatric patients, no recommendations can be 
made regarding the use of prognostic predictive scales for chil-
dren with in-hospital cardiac arrest.

Basic life support training for potential rescuers of  
populations at high risk of cardiac arrest
Potential rescuers, such as family members of high-risk patients, 
are less likely to voluntarily participate in CPR training but are 
willing to receive training [94,95]. Several studies [94–99] have 
recommended that basic life support be taught to potential res-
cuers of high-risk patients for OHCA, and that emergency staff 
should encourage potential rescuers to participate in basic life 
support. We recommend that basic life support be taught to po-
tential rescuers of the population at high risk of cardiac arrest.

Blended learning for life support education
Blended learning is an educational method that combines face-to-
face and non–face-to-face forms and was introduced in the 2020 
Korean CPR Guidelines. Following the COVID-19 pandemic and the 
development of information technology, the use of various non–
face-to-face methods has become more common in medical educa-
tion [100–102]. Therefore, if resources and conditions allow, it is 
recommended to develop and implement a blended form of CPR 
education in addition to the conventional training methods.

Faculty development approach
Continuing CPR education for the public and emergency medical 
providers is important to increase survival rates after cardiac ar-
rest. To provide continuous CPR training, an instructor training 
curriculum to teach trainees is important. Although many studies 
have explained the necessity of CPR instructor training programs, 
no study has reported that patient outcomes improved with the 
introduction of the instructor training program [103,104]. Never-
theless, because the instructor training program is an important 
factor in the teaching method and performance of trainees, it 
should be introduced.
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CONCLUSION

The Korean CPR guidelines are revised every 5 years. Considering 
the situation in which new evidence continues to be published, it 
is necessary to update CPR guidelines to reflect the latest evidence 
between revision cycles. This review summarizes expert opinions 
based on the CoSTR summary published by the ILCOR since the 
publication of the 2020 Korean CPR Guidelines. We hope that this 
review will contribute to improving the survival of patients with 
cardiac arrest.
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Echocardiographic features of 
myocardial rupture after acute 
myocardial infarction on emergency 
echocardiography
Byung Wook Lee, Yong Sung Cha, Sung Oh Hwang, Yoon-Seop Kim, 
Sun Ju Kim
Department of Emergency Medicine, Yonsei University Wonju College of Medicine, Wonju, Korea

Objective Myocardial rupture is a fatal complication of acute myocardial infarction (AMI). Early 
diagnosis of myocardial rupture is feasible when emergency physicians (EPs) perform emergency 
transthoracic echocardiography (TTE). The purpose of this study was to report the echocardio-
graphic features of myocardial rupture on emergency TTE performed by EPs in the emergency 
department (ED). 

Methods This was a retrospective and observational study involving consecutive adult patients 
presenting with AMI who underwent TTE performed by EPs in the ED of a single academic medi-
cal center from March 2008 to December 2019. 

Results Fifteen patients with myocardial rupture, including eight (53.3%) with free wall rupture 
(FWR), five (33.3%) with ventricular septal rupture (VSR), and two (13.3%) with FWR and VSR, 
were identified. Fourteen of the 15 patients (93.3%) were diagnosed on TTE performed by EPs. Di-
agnostic echocardiographic features were found in 100% of the patients with myocardial rupture, 
including pericardial effusion for FWR and a visible shunt on the interventricular septum for VSR. 
Additional echocardiographic features indicating myocardial rupture were thinning or aneurysmal 
dilatation in 10 patients (66.7%), undermined myocardium in six patients (40.0%), abnormal re-
gional motions in six patients (40.0%), and pericardial hematoma in six patients (40.0%). 

Conclusion Early diagnosis of myocardial rupture after AMI is possible using echocardiographic 
features on emergency TTE performed by EPs. 

Keywords Myocardial infarction; Complication; Emergency medical services; Echocardiography 
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What is already known
Emergency physicians can perform echocardiography in acute myocardial in-
farction (AMI) patients with suspected myocardial rupture. However, informa-
tion on echocardiographic features of myocardial rupture after AMI is limited. 

What is new in the current study
In this retrospective observational study, 93.3% of myocardial ruptures after 
AMI were diagnosed using emergency echocardiography performed by emer-
gency physicians. The results of this study provide diagnostic and additional 
echocardiographic features of myocardial rupture detected on emergency 
echocardiography.
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INTRODUCTION

Acute myocardial infarction (AMI) complicated by myocardial 
rupture is often fatal [1]. Myocardial rupture after AMI is gener-
ally reported as a subacute complication [2,3] and can occur in 
the early phase of AMI. If sufficient damage to the myocardium 
accumulates in the acute phase, myocardial rupture can occur in 
the early phase of AMI before or at emergency department (ED) 
arrival. 
 Clinical manifestations of myocardial rupture may differ based 
on the location of the injury and hemodynamic consequences. 
Myocardial rupture includes free wall rupture (FWR) and ventric-
ular septal rupture (VSR), which may result in various significant 
hemodynamic derangements from the early phase of AMI. The 
incidence of myocardial rupture reported in clinical studies rang-
es from 0.31% to 0.45% [2–4]. However, the incidence of myo-
cardial rupture reported on the autopsy of myocardial infarction 
patients is up to 30.7%, which suggests that a large proportion 
of myocardial rupture remains undiagnosed [5]. Due to the high 
mortality rate following myocardial rupture, early diagnosis and 
prompt surgical treatment are crucial for survival. Therefore, emer-
gency physicians (EPs) should be aware of myocardial rupture dur-
ing emergency treatment of AMI. 
 Most current EDs are equipped with echocardiography for im-
mediate performance in AMI patients with suspected myocardial 
rupture. However, only one report has been published on the early 
diagnosis of myocardial rupture using echocardiography performed 
by EPs [6]. The purpose of this study was to investigate the echo-
cardiographic features of myocardial rupture detected by EPs us-
ing echocardiography in the ED.

METHODS

Ethics statements
This study was approved by the Institutional Review Board of Won-
ju Severance Christian Hospital (No. CR319132). The requirement 
for informed consent from patients was waived due to the retro-
spective nature of the study.

Study design and setting
This was a retrospective and observational study involving con-
secutive adult patients (>18 years of age) presenting with AMI 
in the ED of a tertiary care hospital from March 2008 to Decem-
ber 2019. The ED has approximately 46,000 annual patient visits 
and provides emergency care by residents and board-certified 
EPs. Emergency coronary angiography (CAG) and percutaneous 
coronary intervention are performed by cardiologists as needed 

throughout the day. A multifunctional ultrasonography machine, 
which can perform transthoracic echocardiography (TTE) and trans-
esophageal echocardiography, is available 24 hours a day, 7 days 
a week in the ED. Emergency echocardiography is performed by 
EPs. Our training program for emergency echocardiography in-
cludes a 4-hour lecture, hands-on practice with an EP and cardi-
ologist (SOH) for 1 month, and a minimum of 150 supervised ex-
aminations.

Selection of participants
Electronic medical records of the hospital were reviewed for cases 
of “MI and FWR or VSR” based on the International Classification 
of Diseases, 10th Revision (ICD-10) code (I21, AMI; I51.0, acquired 
cardiac septal defect; I31.2, hemopericardium; I31.3, pericardial 
effusion; I31.9, disease of the pericardium; I23.0, hemopericardi-
um as current complication following AMI; I23.2, ventricular sep-
tal defect as current complication following AMI; and I23.3, rup-
ture of the cardiac wall without hemopericardium as current com-
plication following AMI).
 After reviewing the medical records and echocardiographic 
findings of these patients, those with myocardial rupture observed 
on echocardiography performed in the ED were included in the 
study. Patients whose myocardial rupture occurred during in-hos-
pital stay, who had no echocardiographic evidence of myocardial 
rupture, or who had uninterpretable echocardiographic findings 
due to poor image quality were excluded.

Diagnosis and echocardiographic findings of myocardial 
rupture
When patients with suspected MI arrived at the ED, they received 
emergency cardiac care and underwent TTE performed by the at-
tending EPs. Two ultrasound machines (Vivid E9, General Electric; 
EPIQ 7, Philips) equipped with 1 to 5 MHz phased array transduc-
ers were used in the ED during the study period. Our protocol of 
emergency echocardiography for patients with suspected AMI in-
cludes two-dimensional (2D) images from the parasternal, apical, 
and subcostal windows and color flow imaging. The initial echo-
cardiographic diagnosis was made by EPs who performed TTE. 
Real-time consultation with another EP and cardiologist (SOH) 
was conducted if abnormal findings were observed on bedside 
echocardiography.
 Echocardiographic findings were divided into diagnostic and 
additional features suggestive of myocardial rupture. Diagnostic 
features of myocardial rupture included a newly developed peri-
cardial effusion for FWR or a visible shunt on the interventricular 
septum on 2D echocardiography or color flow imaging for VSR. 
Additional features suggestive of myocardial rupture were thin-



395Clin Exp Emerg Med 2023;10(4):393-399

Byung Wook Lee, et al.

ning or aneurysmal dilation of the affected myocardium; under-
mined myocardium such as endocardial disruption, ulceration, or 
dissection; abnormal wall motions such as fluttering or impinge-
ment; and pericardial hematoma. All acquired images were stored 
in a myocardial picture archiving and communication system and 
reviewed by an EP and cardiologist. The final diagnosis of myo-
cardial rupture was made using comprehensive echocardiography 
by a cardiologist and/or surgical findings. Based on the echocar-
diographic findings, the type, features, and anatomical site of the 
rupture were investigated. 

Clinical variables
The following clinical variables of patients were obtained from 
the medical records: age, sex, vital signs, chief complaint, comor-
bidities, smoking history, Killip classification at ED, area of MI, 
surgical operation, year of onset, time from chest pain onset to 
ED arrival, type of AMI, pulmonary edema on chest x-ray, left 
ventricular ejection fraction, serum troponin I level, cardiac arrest 
during a hospital stay, and in-hospital mortality.

Statistical analysis
Data were expressed based on the variable properties. Categorical 
data were reported as numbers with percentages for proportions 
and compared using Fisher exact test. Continuous data were re-
ported as median (interquartile range) or mean±standard devia-
tion. Normality was assessed using the Shapiro-Wilk test. All sta-
tistical analyses were performed using IBM SPSS ver. 23.0 (IBM 

Table 1. Patient characteristics

Characteristic Value (n=15)

Age (yr) 73.7±9.8

Male sex 9 (60.0)

Systolic blood pressure (mmHg) 103±27

Heart rate (mmHg) 101.0 (80.8–112.0)

Chief complaint

   Chest pain 13 (86.7)

   General weakness 2 (13.3)

Time from chest pain onset to ED arrival (hr) 11.4 (3.2–17.9)

Comorbidity

   Hypertension 7 (46.7)

   Diabetes mellitus 3 (20.0)

   Dyslipidemia 3 (20.0)

   Prior coronary artery disease 1 (6.7)

Smoking history 4 (26.7)

Killip class

   I 3 (20.0)

   II 6 (40.0)

   III 3 (20.0)

   IV 3 (20.0)

Electrocardiogram 

   STEMI 13 (86.7)

   Non-STEMI 2 (13.3)

Infarction area

   Anterior wall 8 (53.3)

   Inferior wall 4 (26.7)

   Posterior wall 1 (6.7)

   Lateral wall 2 (13.3)

LVEF in echocardiography 40.0 (33.0–50.0)

Pulmonary edema on chest x-ray 5 (33.3)

Surgery 4 (26.7)

In-hospital cardiac arrest 12 (80.0)

In-hospital mortality 13 (86.7)

Values are presented as mean±standard deviation, number (%), or median (in-
terquartile range).
ED, emergency department; STEMI, ST-segment elevation myocardial infarction; 
LVEF, left ventricular ejection fraction.

Table 2. Types of myocardial rupture (n=15)

Type of myocardial rupture No. of patients (%)

FWR 8 (53.3)

VSR 5 (33.3)

Combined (FWR and VSR) 2 (13.3)

FWR, free wall rupture; VSR, ventricular septal rupture.

Table 3. Echocardiographic features of the patients based on the type of myocardial rupture

Feature Total (n=15) FWR (n=8, 53.3%) VSR (n=5, 33.3%) FWR+VSR (n=2, 13.3%) P-value

Key feature

   Pericardial effusion 10 (66.7) 8 (100) 0 (0) 2 (100) <0.001

   Visible defect 8 (53.3) 1 (12.5) 5 (100) 2 (100) 0.001

Additional feature

   Thinning or aneurysm 9 (60.0) 5 (62.5) 2 (40.0) 2 (100) 0.497

   Undermined myocardium 6 (40.0) 3 (37.5) 3 (60.0) 0 (0) 0.497

   Abnormal regional motions 6 (40.0) 0 (0.0) 4 (80.0) 2 (100) 0.001

   Pericardial hematoma 6 (40.0) 5 (62.5) 0 (0) 1 (50.0) 0.077

Values are presented as number (%).
FWR, free wall rupture; VSR, ventricular septal rupture.
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Fig. 1. Echocardiographic features of myocardial rupture. (A–F) Key features. (G–R) Additional features. (B, D, F, H, J, L, N, P, R) Schematic drawings of 
echocardiographic images. (A, B) Pericardial effusion (PE). Parasternal long axis view shows pericardial effusion with diastolic collapse of the right ven-
tricle (RV; arrow) indicating cardiac tamponade in a patient with free wall rupture (FWR). (C–F) Visible defect and shunt. Parasternal short axis view 
shows a visible defect and shunt flow on the interventricular septum (arrow) in a patient with ventricular septal rupture (VSR). (G, H) Thinning of the 
myocardium. Parasternal short axis view shows thinning of the interventricular septum (arrow) involved in myocardial rupture in a patient with VSR. (I, J) 
Aneurysmal dilation. Apical four-chamber view shows an aneurysmal dilation of the apical interventricular septum (arrow) in a patient with combined 
FWR and VSR. (K, L) False aneurysm. Apical two-chamber view shows undermined myocardium resulting in an aneurysm (arrow) in a patient with FWR. 
(M, N) Undermined myocardium. Apical long axis view shows dissection of the interventricular septum (arrow) in a patient with VSR. (O, P) Undermined 
myocardium. Parasternal short axis view shows undermined myocardium resulting in an ulceration (arrow) in a patient with FWR. (Q, R) Pericardial he-
matoma. Subcostal view shows a pericardial hematoma (arrow) in a patient with FWR. LV, left ventricle; LA, left atrium; RA, right atrium; AO, aorta.
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Corp), and the significance level was set at 0.05. 

RESULTS

Patient characteristics
A total of 7,475 consecutive patients with AMI who presented to 
the ED was identified during the study period, and only 87 pa-
tients had corresponding diagnostic codes. Among the 87 patients, 
62 were not compatible with the diagnosis, five had uninterpre-
table TTE findings due to poor image quality, and five developed 
myocardial rupture during the hospital stay and were excluded. 
Finally, 15 patients were included in the analysis (Supplementary 
Fig. 1, Supplementary Table 1). 
 The mean patient age was 73.7±9.8 years, and nine patients 
(60.0%) were male. Hypertension was the most common comor-
bidity (seven patients, 46.7%), and only one patient (6.7%) had 
prior coronary artery disease. Three patients (20.0%) presented 
with AMI of Killip class IV. The anterior wall was the most com-
mon infarct location (53.3%). Four patients (26.7%) underwent 
surgery. The in-hospital mortality was 86.7% (Table 1). 

Echocardiographic diagnosis of myocardial rupture by 
EPs
Myocardial rupture in 14 patients (93.3%) was diagnosed based 
on echocardiography performed by EPs. In one patient (6.7%), a 
diagnosis of VSR in the apical septum was missed. Types of myo-
cardial rupture included FWR in eight patients (53.3%), VSR in 
five patients (33.3%), and combined rupture of FWR and VSR in 
two patients (13.3%) (Table 2). 

Echocardiographic features of myocardial rupture
Diagnostic echocardiographic features were found in 100% of 
the patients with myocardial rupture, including pericardial effu-
sion for FWR and a visible shunt on the interventricular septum 
for VSR. Additional echocardiographic features indicating myo-
cardial rupture were thinning or aneurysmal dilatation in nine 
patients (60.0%), undermined myocardium in six patients (40.0%), 
abnormal regional wall motions in six patients (40.0%), and peri-
cardial hematoma in six patients (40.0%) (Table 3, Fig. 1, Supple-
mentary Table 2, Supplementary Video 1). The apical septal area 
was the most common site involved in myocardial rupture (Fig. 2).

DISCUSSION

In the present study, key echocardiographic features of myocardi-
al rupture including pericardial effusion for FWR or visible shunt 
on the interventricular septum for VSR as well as various addi-
tional echocardiographic features suggestive of myocardial rup-
ture were presented. The noninflammatory process is mostly at-
tributed to myocardial rupture during the first 24 hours after AMI, 
although both inflammatory and noninflammatory processes, in-
cluding cardiomyocyte apoptosis or defective myocardial remod-
eling, can be involved in the pathogenesis of myocardial rupture 
[7–9]. Marked alteration of the skeletal framework and an acute 
change in connective tissue in the central zone of AMI may con-
tribute to myocardial rupture [10]. The cardiac skeleton starts to 
collapse around the ischemic region within hours of myocardial 
injury from AMI.
 Considering the possibility of myocardial rupture early after 
AMI, EPs should be aware of the potential presence of myocardial 

Fig. 2. Schematic illustrations of an anatomic location involving myocardial rupture. Diagram of left ventricular segmentations shows the anatomic lo-
cation of (A) free wall rupture (FWR) and (B) ventricular septal rupture (VSR). Colors denote the number of patients. Two patients with both FWR and 
VSR were included. AA, apical anterior; AI, apical inferior; AL, apical lateral; AS, apical septal; BA, basal anterior; BAL, basal anterolateral; BAS, basal an-
teroseptal; BI, basal inferior; BIL, basal inferolateral; BIS, basal inferoseptal; MA, mid anterior; MAL, mid anterolateral; MAS, mid anteroseptal; MI, mid 
inferior; MIL, mid inferolateral; MIS, mid inferoseptal.

A B
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rupture when performing echocardiography in patients with AMI. 
For early diagnosis of myocardial rupture, echocardiography should 
be performed in the ED for all patients presenting with symptoms 
or signs of infarct extension [11]. However, EPs may miss myocar-
dial ruptures if direct evidence is not observed because routine 
examination with color Doppler imaging focuses on valvular re-
gurgitation. In the present study, diagnosis of myocardial rupture 
in the apical septum was missed on echocardiography. The EPs 
performed echocardiography, including routine examinations of 
color Doppler imaging on cardiac valves; however, they did not 
observe the affected area of myocardial rupture. This finding in-
dicates that EPs should closely examine the possibility of mechan-
ical complications when performing echocardiography in patients 
with AMI. In addition, highly prevalent areas of myocardial rup-
ture including the anterior and inferior walls of the left ventricle, 
noted in the present as well as previous studies, should be closely 
observed during emergency echocardiographic examination [4,12, 
13]. In the present study, the incidence of FWR was higher than 
of VSR; however, in a study in which the mechanical complica-
tions during hospitalization were investigated, the incidence of 
VSR was higher than of FWR [14]. In the present study, the me-
chanical complications of myocardial infarction were investigated 
in the ED; in the previous studies, mechanical complications were 
investigated during the entire hospitalization period. The differ-
ences in incidence and pattern of mechanical complications are 
possibly due to the timing of identification of mechanical com-
plications. 
 The present study provides detailed echocardiographic features 
of myocardial rupture. Key echocardiographic features of myo-
cardial rupture were pericardial effusion for FWR and shunt flow 
through the interventricular septum for VSR. Additional echocar-
diographic findings suggestive of myocardial rupture may be ac-
companied by key echocardiographic features such as thinning or 
aneurysmal dilation of the affected myocardium; undermined 
myocardium, including endocardial disruption, ulceration, or dis-
section; and abnormal wall motions, including fluttering or im-
pingement. Therefore, if additional echocardiographic features 
suggestive of myocardial rupture are observed, EPs should closely 
examine for myocardial rupture using color Doppler imaging to 
the affected area during emergency echocardiography.
 The echocardiographic features observed in the present study 
are relatively consistent with the pathological classification of 
myocardial rupture, which is classified as follows. Type I is an abrupt 
tear in the wall without thinning; type II involves erosion of the 
infarcted myocardium covered by a thrombus; and type III is marked 
thinning of the myocardium and secondary formation of an an-
eurysm with a central perforation [15]. Type I myocardial rupture 

can be observed as a visible defect with shunt flow on echocar-
diography. Type II myocardial rupture can be observed as under-
mined myocardium including endocardial disruption or ulceration. 
Type III myocardial rupture is compatible with thinning or aneu-
rysmal dilation with or without a shunt flow on echocardiogra-
phy. However, autopsy findings may not match the echocardio-
graphic features observed in vivo.
 The present study has several limitations. It was a retrospective 
observational study conducted at a single institution with a rela-
tively small sample size. Due to the nature of the study in which 
patients were retrospectively selected using ICD-10 codes, cases 
were possibly missed. Because the skills of an EP to perform echo-
cardiography may vary by institution, limitations may exist in the 
general application of our experience to all emergency centers. 
Because only four of 15 patients underwent cardiac surgery due 
to death from in-hospital cardiac arrest or refractory shock, the 
relationship between the pattern of mechanical complications 
and prognosis was unknown. Because patients with mechanical 
complications undergo rapid deterioration of clinical status, the 
need for early diagnosis cannot be overemphasized. Autopsy on 
deceased patients could not be performed to confirm the diagno-
sis, preventing matching of the echocardiographic findings with 
pathological features of myocardial rupture.
 In summary, the results of the present study showed that myo-
cardial rupture, including FWR and VSR, can be observed with 
various findings on emergency echocardiography. EPs should be 
aware of the echocardiographic features suggestive of myocardial 
rupture for early diagnosis in the ED to help determine life-saving 
procedures such as pericardiocentesis or emergency cardiac sur-
gery. 

SUPPLEMENTARY MATERIALS

Supplementary Fig. 1. Flowchart of the patient enrollment.
Supplementary Table 1. Clinical characteristics of the patients
Supplementary Table 2. Echocardiographic features
Supplementary Video 1. Individual echocardiographic movies of 
myocardial rupture.
Supplementary materials are available from https://doi.org/10. 
15441/ceem.23.037. 
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Objective Given the lack of a unified tool for appraising the quality of educational resources for 
lay-rescuer delivery of adult basic life support (BLS), this study aimed to develop an appropriate 
evaluation checklist based on a consensus of international experts.

Methods In a two-round Delphi study, participating experts completed questionnaires to rate 
each item of a predeveloped 72-item checklist indicating agreement that an item should be uti-
lized to evaluate the conformance of an adult BLS educational resource with resuscitation guide-
lines. Consensus on item inclusion was defined as a rating of ≥7 points from ≥75% of experts. 
Experts were encouraged to add anonymous suggestions for modifying or adding new items.

Results Of the 46 participants, 42 (91.3%) completed the first round (representatives of 25 coun-
tries with a median of 16 years of professional experience in resuscitation) and 40 (87.0%) com-
pleted the second round. Thirteen of 72 baseline items were excluded, 55 were included unchanged, 
four were included after modification, and four new items were added. The final checklist com-
prises 63 items under the subsections “safety” (one item), “recognition” (nine items), “call for 
help” (four items), “chest compressions” (12 items), “rescue breathing” (12 items), “defibrillation” 
(nine items), “continuation of CPR” (two items), “choking” (10 items) and “miscellaneous” (four 
items).

Conclusion The produced checklist is a ready-to-use expert consensus–based tool for appraising 
the quality of educational content on lay-rescuer provision of adult BLS. The checklist gives con-
tent developers a tool to ensure educational resources comply with current resuscitation knowl-
edge, and may serve as a component of a prospective standardized international framework for 
quality assurance in resuscitation education.
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INTRODUCTION

A lack of knowledge and skills in cardiopulmonary resuscitation 
(CPR) and related fears of causing harm are major barriers to at-
tempting to resuscitate a person who has suffered a cardiac ar-
rest [1,2]. Effective education in resuscitation improves levels of 
confidence and the willingness of bystanders to perform CPR in 
actual cardiac arrest situations [3]. Interventions aimed at incre-
asing the penetration of CPR training in communities reportedly 
enhance the likelihood of bystanders performing CPR and improve 
neurological outcomes and survival rates after an out-of-hospital 
cardiac arrest [4,5]. Training of laypeople in resuscitation is strongly 
endorsed by the scientific community [6–8].
 In spite of the importance of widespread dissemination of re-
suscitation training, the prevalence of CPR knowledge among the 
general public is low in many regions of the world [9]. For people 
who have no opportunity to attend traditional instructor-led CPR 
training, self-directed CPR learning is currently recommended as 
a reasonable alternative [6]. Various digital resuscitation-training 
resources, including videos, online courses, computer games, and 
smartphone apps, are available for public use. However, studies 
have shown that the educational content of such resources often 
does not adhere to resuscitation guidelines based on state-of-the-
art resuscitation knowledge and evidence-based cardiac arrest 
management practices [10–12]. Suboptimal guideline compliance 
has been also revealed in certified instructor–led basic life sup-
port (BLS) courses [13,14].
 Although it is apparent that a standardized framework for sys-
tematic quality control and quality assurance for educational re-
sources on resuscitation is necessary [10,15], no unified tool for 
evaluating the quality of educational content on resuscitation is 
currently available. This study aimed to develop an expert con-

What is already known
The educational content of resuscitation-training resources commonly does not adhere to relevant guidelines, which 
define the state-of-the-art in resuscitation knowledge and recommend evidence-based practices for the management 
of cardiac arrest. While it is apparent that a standardized framework for systematic quality control and quality assur-
ance for educational resources on resuscitation is necessary, no unified tool for evaluating the quality of educational 
content on resuscitation currently exists.

What is new in the current study
This study represents the first attempt to generate a checklist for appraising the quality of educational resources on ba-
sic life support based on an international expert opinion consensus achieved through the Delphi technique. The check-
list could serve as a constituent element of a prospective standardized international framework for quality control and 
quality assurance in resuscitation education.

sensus–based checklist for appraising the quality of educational 
resources on lay-rescuer delivery of adult BLS.

METHODS

The Delphi survey technique, a method of obtaining general con-
sensus on a particular topic based on expert opinions collected 
through a series of structured questionnaires or “rounds,” was 
used taking into account published practical guidance [16,17].

Expert recruitment
An informational letter explaining the study design and its aims 
was sent to experts, who were invited to participate through the 
European Resuscitation Council (ERC) Research NET, an interna-
tional, interdisciplinary, and interprofessional group for the study 
of cardiac arrest and resuscitation [18]. Prospective participants 
were asked in an online questionnaire to provide data on their 
field of specialization, highest academic degree, number of years 
of professional experience in resuscitation, availability of provider 
or instructor certification(s) in CPR, familiarity with international 
resuscitation guidelines (self-rated on a 10-point Likert scale from 
1 [not familiar at all] to 10 [have a thorough knowledge of]), prior 
participation in Delphi studies, country of residence, and affirm 
their willingness to participate by completing an electronic con-
sent form using a Google form (Google LLC). All participating ex-
perts were asked if they wished to be acknowledged in the final 
publication. No limitations to the number or geographic location 
of participants were applied. Participating experts were blinded 
to each other’s participation throughout the study.

Delphi procedure
A two-round Delphi exercise was carried out to create a consen-
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sus-based checklist. Each round was conducted over a 2-week 
period. Within each round, two email reminders were sent to non-
responders (on day 5 and day 11). If no response was received from 
an expert within the 2-week period, one additional attempt to 
obtain results was made immediately after the deadline in the 
form of a third email reminder.
 In the first round, experts were asked via email to review a 
baseline checklist (Supplementary Material 1) and complete an 
offline questionnaire (Microsoft Excel table, Microsoft Corp), rat-
ing each checklist item by answering the following question “How 
much do you agree that this item should be utilized as part of the 
checklist for evaluating conformance of an adult BLS educational 
resource with resuscitation guidelines?” For the rating, a 9-point 
Likert scale was applied ranging from 1 (totally disagree) to 9 (to-
tally agree). Experts were encouraged to add anonymous free-
text comments and suggestions for modifying, removing, or add-
ing new checklist items.
 The baseline checklist (Supplementary Material 1) [12] was 
based on the 2020 International Consensus on CPR [19], ERC Gui-
delines 2021 [20], and ERC COVID-19 Guidelines [21] as a rework 
of the original structured 36-item checklist by Jensen et al. [14]. 
The baseline checklist contained 72 items grouped in 11 thematic 
subsections, including “safety” (one item), “recognition” (10 items), 
“call for help” (four items), “chest compressions” (11 items), “res-
cue breathing” (12 items), “defibrillation” (eight items), “continu-
ation of CPR” (two items), “recovery position” (three items), “chok-
ing” (10 items), “COVID-19” (six items), and “miscellaneous” (five 
items).
 Results of the first round were analyzed by applying the fol-
lowing criteria. Items that received the rating of ≥7 points from 
≥75% of experts were considered to have reached the consensus 
threshold for inclusion. Items on which expert consensus was 
achieved were subjected to a second round of evaluation without 
change, even if some suggestions for modification had been made. 
Items that received the rating of ≤3 points from ≥75% of ex-
perts were considered to have reached a consensus threshold for 
exclusion and were excluded at this step. Items that did not reach 
a consensus threshold for either inclusion or exclusion were modi-
fied according to experts’ comments (if a comment provided clear 
direction on how to modify an item) and carried forward to the 
second round. New items were added to the checklist when ex-
perts provided clear directions on how to formulate them. After 
the analysis, all experts received a personalized report with quan-
titative expert-group results, including each item’s median, low-
est, and highest ratings, their own ratings, and a summary of all 
modifications and anonymous comments. In the second round, 
all experts who completed the first round were contacted by email 

with a request to review the adjusted checklist and complete a 
questionnaire by rating each checklist item (including new items) 
on the same scale, considering their previous rating, expert-group 
rating, all comments, and modifications to the checklist in the 
first round.
 The results were analyzed after the second round was closed. 
Items that received a rating of ≥7 points from ≥75% of experts 
were considered to have reached the consensus threshold for in-
clusion and were added to the final checklist. All other items were 
excluded. After the analysis, all experts received a report with the 
final results.
 Data that support findings of this study, including tables with 
a summary of anonymized expert ratings and comments, calcu-
lated quantitative expert-group results, modifications to the check-
list, and blank questionnaire forms, are openly available in the 
Mendeley Data repository as a dataset [22]. As the study used 
nonsensitive and anonymized data, it did not require ethical ap-
proval and received an institutional review board exemption.

Statistical analysis
Data analysis was carried out with IBM SPSS ver. 26 (IBM Corp) 
and involved descriptive statistics (median, interquartile range 
[IQR], and absolute and relative values).

RESULTS

A total of 46 individuals initially agreed to participate in the study. 
Of these, 42 (91.3%) completed the first round (in November 2022) 
and 40 (87.0%) completed the second round (in December 2022). 
Characteristics of participants who completed the first round are 
provided in Table 1. The expert group represented 25 countries on 
six continents. Most participants (n=35, 83.3%) reported special-
izing in anesthesiology and/or intensive (critical) care and/or emer-
gency medicine. Almost a third (31.0%) held a research doctoral 
degree (n=12) or a higher-level doctorate (n=1). The number of 
years of professional experience in resuscitation varied from 2 to 
40 years (median, 16 years; IQR, 10–28 years). Most participants 
(n=35, 83.3%) were certified as BLS providers and 30 (71.4%) 
were BLS instructors. The median self-rating of familiarity with 
international resuscitation guidelines (American Heart Associa-
tion Guidelines, ERC Guidelines, International Consensus on CPR) 
on a 10-point scale was 9 (IQR, 9–10). Previous participation in a 
Delphi study was reported by 22 participants (52.4%).
 In the first round, the median percentage of experts who as-
signed an item a rating of ≤3 points was 5% (IQR, 2%–7%; range, 
0%–38%) and the median percentage of experts who gave an 
item ≥7 points was 83.0% (IQR, 76%–90%; range, 40%–100%). 
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No items reached the consensus threshold for exclusion in the 
first round, 57 items reached the consensus threshold for inclu-
sion and were carried forward to the second round unchanged, 
and 15 items did not reach the consensus threshold for inclusion 
or exclusion and were subjected to the second round. Of those 15 
items, nine items were modified according to experts’ comments 
(see dataset [22]). Following experts’ suggestions, seven new items 
were added to the checklist. 
 The second round began with 79 items. In that round, the me-
dian percentage of experts who assigned an item a rating of ≤3 
points was 5% (IQR, 0%–10%; range, 0%–28%) and the median 
percentage of experts who gave an item ≥7 points was 85% (IQR, 
78%–93%; range, 45%–100%). The participating experts agreed 
to accept the majority of the items covering essential components 
of adult BLS, including safety considerations, recognition of car-
diac arrest, call for help, chest compressions and rescue breathing 
techniques, use of an automated external defibrillator, help in 
choking, and miscellaneous questions. In the second round, 66 
items reached the consensus threshold for inclusion (Table 2) (see 
dataset [22]) and the other 13 items did not reach the consensus 
threshold for inclusion and were excluded. Of these 13 items, two 
and four items represented essential elements and the majority 

Characteristic No. (%)

Highest academic (professional) degree

Bachelor of Medicine and Bachelor of Surgery 2 (4.8)

Critical care assistant 1 (2.4)

Doctor of Medical Science 1 (2.4)

Doctor of Medicine 19 (45.2)

Doctor of Philosophy 12 (28.6)

Master of Medical Education 2 (4.8)

Master of Science 3 (7.1)

Master of Science in Nursing 1 (2.4)

Registered nurse 1 (2.4)

Provider certification

BLS 35 (83.3)

ALS 35 (83.3)

PALS 11 (26.2)

Absent 4 (9.5)

Instructor certification

BLS 30 (71.4)

ALS 31 (73.8)

PALS 8 (19)

Absent 6 (14.3)

Experience of participation in Delphi studies

Yes 22 (52.4)

No 20 (47.6)

BLS, basic life support; ALS, advanced life support; PALS, pediatric advanced life 
support.

Table 1. (Continued)Table 1. Characteristics of experts participating in the first round of the 
Delphi survey (n=42)

Characteristic No. (%)

Country of residence

Australia 1 (2.4)

Austria 1 (2.4)

Belgium 1 (2.4)

Canada 1 (2.4)

Cyprus 2 (4.8)

Denmark 1 (2.4)

France 2 (4.8)

Germany 5 (11.9)

Greece 4 (9.5)

India 1 (2.4)

Italy 3 (7.1)

Malta 1 (2.4)

Norway 1 (2.4)

Peru 1 (2.4)

Poland 1 (2.4)

Russia 3 (7.1)

Saudi Arabia 1 (2.4)

Serbia 1 (2.4)

Slovenia 2 (4.8)

South Africa 1 (2.4)

Spain 1 (2.4)

Sri Lanka 1 (2.4)

Switzerland 2 (4.8)

UK 3 (7.1)

USA 1 (2.4)

Field of specialization

Anesthesiology 6 (14.3)

Anesthesiology and emergency medicine 1 (2.4)

Anesthesiology and intensive care 3 (7.1)

Anesthesiology, intensive care, and emergency medicine 1 (2.4)

Anesthesiology, intensive care, and medical education 1 (2.4)

Anesthesiology and medical education 1 (2.4)

Anesthesiology, resuscitation, and emergency medicine 1 (2.4)

Cardiac anesthesia and resuscitation education 1 (2.4)

Cardiology 2 (4.8)

Critical care nursing education 1 (2.4)

Critical care and prehospital emergency medicine 1 (2.4)

Emergency medicine 7 (16.7)

Emergency medicine and intensive care nursing 1 (2.4)

Emergency medicine and intensive care 1 (2.4)

Health economics 1 (2.4)

Intensive care 5 (11.9)

Intensive care and pedagogy 1 (2.4)

Internal medicine 1 (2.4)

Internal medicine, intensive care, emergency medicine 1 (2.4)

Lifesaving, BLS, and physical education 1 (2.4)

Medical education and emergency medicine 1 (2.4)

Nursing 1 (2.4)

Nursing, science, and education 1 (2.4)

Prehospital care and critical care retrieval 1 (2.4)

(Continued on the next)
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Table 2. Checklist items based on results of the second round

Checklist item
Experts who rated 

≥7 points (%)

Safety

Does the resource state that the rescuer should make sure that he/she, victim, and any bystanders are safe? 100

Does the resource instruct to use personal protective equipment (e.g., face mask, gloves) if available?a) 70

Recognition

Is cardiac arrest defined as a state when a person is unresponsive with absent or abnormal (agonal) breathing? 93

Response check: does the resource instruct to shake gently by shoulders and ask loudly to examine if the victim is responsive? 95

Victim’s position: does the resource instruct to position the victim on their back if unresponsive? 83

Airway opening

   Is there instruction for head tilt maneuver? 90

   Is there instruction for chin lift maneuver? 90

Breathing check

   Does the resource instruct to look for breathing? 93

   Is it clear that the rescuer should use a maximum of 10 sec to check breathing? 88

Agonal breathing

   Does the resource state that agonal breathing should be interpreted a sign of cardiac arrest? 93

   Does the resource describe agonal breathing pattern (e.g., infrequent, slow, noisy gasps, labored breathing)? 83

Seizure-like activity: does the resource state that seizure-like activity could be a sign of cardiac arrest?a) 58

Call for help

Call EMS

   Does the resource state that the rescuer should immediately ask a helper to call EMS or call themselves when recognising cardiac arrest? 98

   Does the resource instruct to use speaker function (hands-free) on a telephone to start CPR whilst talking to a dispatcher? 88

Send for AED

   Does the resource instruct to ask a helper to collect nearest AED? 93

   Does the resource state that the rescuer should not leave the victim to collect AED themselves (excepting cases when the rescuer is alone and  
   AED is located close at hand)?

80

Chest compression

Does the resource instruct to start compressions as soon as possible? 98

Rescuer’s position

   Does the resource instruct the rescuer to position themselves next to (by the side of) the victim? 83

   Does the resource instruct to keep arms straight? 100

   Does the resource instruct the rescuer to position themselves vertically above the victim’s chest? 100

Firm surface: does the resource instruct to perform compressions on a firm surface if it is possible and not time-demanding? 78

Hand position

   Does the resource instruct to place the heel of one hand at the centre of the chest (lower half of the breastbone)? 98

   Does the resource instruct to place the heel of other hand on top of the first hand and interlock fingers? 80

Compressions depth: does the resource state the correct depth is 5–6 cm? 95

Compressions rate: does the resource state the correct rate is 100–120 per minute? 100

Chest recoil: does the resource instruct to ensure chest recoil after each compression (release pressure on the chest without losing contact with the 
chest)?

95

Minimization of pauses: does the resource state that any pauses in chest compressions should be minimized? 98

Rescuer change: does the resource state that if possible rescuers should change over about every 2 minutes (without interrupting chest  
compressions) to prevent a decrease in compression quality due to rescuer fatigue?

83

Rescue breathing

Compression to ventilation ratio: does the resource instruct to use compression to ventilation ratio of 30:2? 98

Airway opening

   Is it clear that the rescuer should open airways again prior to ventilation? 90

   Does the resource instruct to maintain head tilt and chin lift during rescue breathing? 83

Nasal pinch: does the resource instruct to pinch the nose prior to ventilation? 80

Sealing: does the resource instruct to place lips around the victim’s mouth ensuring airtight seal? 80

Ventilations

   Does the resource state that each rescue breath should last about 1 second? 75

(Continued on the next page)
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Checklist item
Experts who rated 

≥7 points (%)

   Does the resource instruct to give a normal breath volume (avoid excessive ventilation)? 78

   Does the resource instruct to look for chest rise? 90

   Does the resource state that the rescuer should take mouth away and turn their head towards the victim’s chest to allow and check for passive  
   exhalation?

78

   Does the resource instruct to give a total of two rescue breaths? 90

Resume compressions: does the resource instruct to resume compressions immediately after the second breath (even if breaths are ineffective)? 93

Minimum pause: does the resource state that compressions shouldn’t be interrupted for more than 10 sec to deliver two rescue breaths? 85

Defibrillation

Turn AED on: does the resource instruct to turn on AED as soon as it arrives? 95

Attach electrodes: does the resource instruct to attach electrodes to the victim’s bare chest? 93

Remove electrodes protection: does the resource instruct to remove protective film from electrodes before attaching them to the victim’s chest?a) 45

Electrodes position: does the resource describe correct position for electrodes on the victim’s chest? 85

Continue CPR: does the resource instruct to continue CPR whilst AED is prepared if more than one rescuer is present? 95

Follow instructions: is it clear that rescuers should follow spoken and visual instructions of AED? 95

Do not touch

   Analysis: it is clear that bystanders cannot be in physical contact with the victim during analysis? 93

   Shock: it is clear that bystanders cannot be in physical contact with the victim when applying shock? 93

Resume CPR: does the resource state that after shock (or if no shock is advised) the rescuer should immediately resume CPR and continue as  
directed by AED?

98

Minimum pause: does the resource state that long pauses in compressions should be avoided when applying and using AED? 88

Continuation of CPR

Does the resource state that CPR should be continuous until a professional tells to stop, the rescuer is exhausted or the victim recovers? 93

Does the resource describe signs of victim’s recovery (waking up, moving, opening eyes and for sure breathing normally)? 75

Recovery position

Does the resource instruct to place the victim in recovery position if the victim is breathing normally but unresponsive?a) 73

Does the resource describe correct technique for placing the victim in recovery position?a) 68

Does the resource instruct to continuously monitor normal breathing for the victim placed in recovery position? 88

Choking

Recognition

   Does the resource instruct to suspect choking if someone is suddenly unable to speak or talk, particularly if eating? 78

   Does the resource instruct to ask the conscious victim “Are you choking?”a) 63

Call for help: does the resource state that the rescuer should immediately ask a helper to call EMS or call themselves when recognising severe 
choking?

80

Coughing: does the resource instruct to encourage coughing when the victim is conscious and able to cough? 85

Back blows

   Does the resource instruct to give up to five back blows if coughing fails to clear the obstruction or the victim starts to show signs of fatigue? 88

   Does the resource describe correct technique for back blows? 85

Abdominal thrusts

   Does the resource instruct to give up to five abdominal thrusts if back blows are ineffective? 80

   Does the resource describe correct technique for abdominal thrusts? 78

Continue blows and thrusts: does the resource instruct to continue series of five back blows followed by five abdominal thrusts if prior measures 
are ineffective?a)

73

Start CPR: does the resource instruct to start CPR when the victim is unconscious with absent or abnormal breathing? 95

Look for and remove foreign material: does the resource instruct to look for a foreign material in the victim’s mouth and if visible, remove it?a) 73

Avoid blind finger sweep: does the resource state that blind finger sweep should be avoided? 88

Aftercare: is it clear that the victim successfully treated with abdominal thrusts or chest compressions should be examined by a qualified  
healthcare practitioner?

75

Epidemic outbreak situation (e.g., COVID-19)

Does the resource provide guidance on CPR in epidemic outbreak situations (e.g., during COVID-19 pandemic)? 75

Recognition: does the resource instruct to avoid opening airways and placing face next to the victims’ mouth or nose for breathing check?a) 63

Compression-only CPR: does the resource state that lay rescuers should consider compression-only CPR and AED? 83

(Continued on the next page)

Table 2. (Continued)



406 www.ceemjournal.org 

A checklist for quality appraisal of BLS resources

of items of the “recovery position” and “epidemic outbreak situa-
tions” (originally, COVID-19) subsections of the checklist, respec-
tively. A decision was therefore made to exclude these subsec-
tions (including three items that reached consensus for inclusion). 
Consequently, 63 items were retained for the final checklist (Sup-
plementary Material 2), including 55 unchanged baseline items, 
four modified items and four new items, under the subsections 
“safety” (one item), “recognition” (nine items), “call for help” (four 
items), “chest compressions” (12 items), “rescue breathing” (12 
items), “defibrillation” (nine items), “continuation of CPR” (two 
items), “choking” (10 items), and “miscellaneous” (four items).

DISCUSSION

Educational efficiency and implementation of resuscitation sci-
ence are key determinants of survival after cardiac arrest [23]. 
Turning scientific evidence into practice, in turn, depends on the 
effectiveness of translating knowledge drawn from resuscitation 
guidelines through education [8,24].
 Although considerable efforts are being made by resuscitation 
researchers to improve educational efficiency by implementing 
optimal instructional designs and strategies for teaching resusci-
tation [6,8], relatively little attention has been paid to quality con-
trol of the educational content [15]. Studies have shown that train-
ing programs and educational resources on resuscitation commonly 
do not comply with relevant guidelines, omit core evidence-based 
recommendations, or incorrectly present essential learning ele-
ments [10–14]. This suggests a need to address the issue system-
atically by establishing a standardized international framework 

for quality control and quality assurance in resuscitation educa-
tion [10].
 The current study is a step toward realizing this goal. It repre-
sents the first attempt to generate a checklist for appraising the 
quality of educational resources on BLS using an international 
expert opinion consensus achieved through the Delphi technique. 
The use of a validated consensus-generating method, involvement 
of a large number of experts with extensive experience in resus-
citation, and high participation rate support the robustness of the 
study results. 
 A blank template for “The ERC Research NET structured check-
list for quality appraisal of educational resources on adult basic 
life support” is available online [22]. We propose using the check-
list to ensure full coverage of essential issues of lay-rescuer deliv-
ery of adult BLS in a syllabus of resuscitation-training resources 
and to guarantee adherence of educational content to state-of-
the-art understanding of effective techniques for resuscitation. 
The checklist could be utilized by resource developers designing 
new educational programs and materials, or to bring existing re-
sources into agreement with current evidence-based resuscita-
tion knowledge. The checklist is a ready-to-use tool for conduct-
ing research involving expert-led systematic evaluation of the 
quality of face-to-face courses or electronic training resources on 
BLS (including online courses, videos, and mobile apps) in terms of 
compliance with resuscitation guidelines. In particular, such re-
search could help create a collection of reliable, free-of-charge, 
web-based, or downloadable multimedia resources that could be 
recommended for mass distribution and therefore contribute to 
improve worldwide availability and dissemination of high-quality 

Checklist item
Experts who rated 

≥7 points (%)

Ventilations: does the resource state that lay rescuers who are willing, trained and able to do so, may deliver rescue breaths in addition to 
compressions?a)

73

Face covering: does the resource instruct to place a cloth, towel, or face mask over the victim’s mouth and nose before performing compressions 
and using AED?a)

58

Disinfection: does the resource state that after providing CPR, lay rescuers should wash or disinfect their hands?a) 68

Miscellaneous

Concerns of harm: does the resource state that lay rescuers should initiate CPR for presumed cardiac arrest without concerns of harm to victims 
not in cardiac arrest?

90

Other concerns: does the resource address other barriers to bystanders’ willingness to perform CPR (e.g., fear of prosecution, infection, etc.)? 78

Compression-only CPR: does the resource state that bystanders who are untrained, unable or unwilling to give rescue breaths should give  
continuous chest compressions without rescue breaths?

95

Dispatcher-assisted CPR: does the resource address the concept of dispatcher-assisted CPR (in particular, that lay rescuer can actively ask for the 
assistance)?

85

Excessive actions: does the resource instruct to perform any superfluous actions that are noncompliant with current guidelines on BLS? (If yes, 
please include corresponding citation(s) from the resource below)a)

58

EMS, emergency medical services; AED, automated external defibrillator; CPR, cardiopulmonary resuscitation; BLS, basic life support.
a)Checklist items that did not reach expert consensus for inclusion based on results of the second round.

Table 2. (Continued)
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public education on resuscitation. 
 Future steps include testing of the checklist for interrater and 
intrarater reliability, translation of the checklist into different lan-
guages, and updating the checklist as new resuscitation research 
evidence becomes available. The expert consensus procedure em-
ployed in this study could be used to produce similar instruments 
for appraising educational programs and resources on pediatric 
BLS, adult and pediatric ALS, and various aspects of first aid.
 This study has limitations to be acknowledged. Given that the 
checklist was based on the International Consensus on CPR [19] 
and the ERC Guidelines [20,21], its content may not correspond 
fully with national guidelines that have country-specific pecu-
liarities. Therefore, before using the checklist to evaluate confor-
mance of adult BLS educational resources with national guide-
lines, the checklist may need to be adjusted accordingly. 
 In summary, this study utilized a validated expert consensus 
technique to create a 63-item structured checklist for appraising 
the quality of educational content on lay-rescuer delivered adult 
BLS. Widespread use of the checklist by developers of educational 
programs and resources on BLS should improve compliance with 
current evidence-based knowledge on resuscitation and contrib-
ute to enhanced educational efficiency. The checklist could be in-
corporated into a standardized international framework for qual-
ity control and quality assurance in resuscitation education.

SUPPLEMENTARY MATERIALS

Supplementary Material 1. Baseline checklist for evaluating ed-
ucational resources on lay rescuer adult BLS in terms of compli-
ance with international resuscitation guidelines.
Supplementary Material 2. Final expert consensus-based check-
list for evaluating educational resources on lay rescuer adult BLS 
in terms of compliance with international resuscitation guidelines.
Supplementary materials are available from https://doi.org/10.15441/
ceem.23.049
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Objective Multiple trauma is associated with a remarkable risk of in-hospital complications, 
which harm healthcare services and patients. This study aimed to assess the incidence of post-
trauma complications, their relationship with poor outcomes, and the effect of the Injury Severi-
ty Score (ISS) on their occurrence. 

Methods This retrospective cohort study was conducted at a pair of trauma centers, between 
January 2020 and December 2022. All hospitalized adult patients with multiple trauma were in-
cluded in this study. Multivariable logistic regression was used to identify factors related to post-
trauma complications.

Results Among 727 multiple trauma patients, 90 (12.4%) developed in-hospital complications. 
The most frequent complications were pneumonia (4.8%), atelectasis (3.7%), and superficial 
surgical site infection (2.5%). According to multivariable logistic regression, ISS, the length of 
stay in the intensive care unit (ICU), the length of stay in the hospital, and mortality were signif-
icantly associated with complications. The complication rate increased by 17% with every sin-
gle-unit increase in ISS (adjusted odds ratio [OR], 1.17; 95% confidence interval [CI], 1.00–1.38). 
Per every 1-day increase in the ICU or hospital stay, the complication rate increased by 65% 
(adjusted OR, 1.65; 95% CI, 1.00–2.73) and 20% (adjusted OR, 1.20; 95% CI, 1.03–1.41), respec-
tively. Posttrauma complications were also significantly more common in patients with mortality 
(adjusted OR, 163.30; 95% CI, 3.04–8,779.32). In multiple trauma patients with a higher ISS, the 
frequency, severity, and number of complications were significantly increased. 

Conclusion In-hospital complications in multiple trauma patients are frequent and associated 
with poor outcomes and mortality. ISS is an important factor associated with posttrauma com-
plications. 

Keywords Wounds and injuries; Multiple trauma; Trauma severity indices; Complications
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INTRODUCTION

Trauma is a serious public health issue ranked as the first cause 
of disability-adjusted life-years for people of productive age, ac-
cording to the latest Global Burden of Disease report [1]. Trauma 
is recognized as blunt or penetrating injuries, mostly from motor 
vehicle collisions, falls, interpersonal violence, or self-harm. Trau-
ma accounts for approximately one out of three emergency de-
partment visits in the United States annually [2]. Undoubtedly, 
these numbers are likely higher in developing countries due to 
the lack of infrastructure [3]. 
 During the last decades, the improvement in diagnostic strate-
gies and patient management has led to a remarkable decline in 
the mortality rate of patients with trauma injuries. Numerous 
studies have affirmed the improvement in trauma survival rates 
among patients from different regions [4–7]. However, it is im-
portant to note that keeping trauma patients with major injuries 
alive makes them susceptible to trauma-related complications [8]. 
Patients with trauma can experience a wide range of in-hospital 
complications, including infections, coagulopathy, thromboem-
bolic events, and organ failure. 
 Trauma-related complications bear undesirable consequences 
for patients and trauma centers. Patients with posttrauma com-
plications have an increased risk of death [9–11]. Moreover, stud-
ies have concluded that these individuals experience a more ex-
tended hospital stay length and a higher cost of care [12,13]. Such 
complications can also negatively affect patients’ quality of life 
and lifelong functionality [14]. Therefore, more attention should 
be given to reduce the numbers of these unwanted complications. 
 The majority of trauma-related complications can be prevent-
ed. Applying suitable antimicrobial prophylaxis, adhering to ve-
nous thromboembolism-prevention guidelines, and practicing early 
rehabilitation could be practical and effective steps to decrease 
posttrauma complications. Nevertheless, it should be noted that 
complications are not similarly distributed among trauma patients. 

What is already known
Patients with multiple trauma are susceptible to experiencing in-hospital complications, including infections, coagu-
lopathy, and thromboembolic events, which are mostly preventable. 

What is new in the current study
We found that posttrauma complications were common and related to poor outcomes; moreover, the Injury Severity 
Score was detected as an important factor associated with complications.

Based on the existing evidence, there is no way to accurately pre-
dict when, how, or what kind of complications a patient with trau-
ma might experience. Conducting more research on the epidemi-
ology of posttrauma complications using records from different 
trauma centers could help to identify patients at a higher risk.
 Therefore, the aims of the present study were the following: (1) 
assess the overall incidence and types of complications in hospi-
talized adult patients with multiple trauma; (2) describe the clini-
cal features and outcome of the patients with posttrauma com-
plications; and (3) examine the effect of injury severity on the oc-
currence of complications in multiple trauma patients.

METHODS

Ethics statement
The study protocol was reviewed and approved by the Institution-
al Review Board of Shahid Beheshti University of Medical Scienc-
es (No. IR.SBMU.MSP.REC.1400.814). The requirement for informed 
consent from individual patients was waived due to the retrospec-
tive nature of the study. The study adheres to the principles out-
lined in the Declaration of Helsinki.

Study setting and design
This was a retrospective cohort study evaluating the occurrence 
of complications in patients with multiple trauma. The study was 
conducted at a pair of trauma centers (Shohadaye Tajrish Hospi-
tal, Tehran, Iran; Valiasr Hospital, Tehran, Iran). Multiple trauma 
patients were identified from the electronic databases of the cen-
ters between January 2020 and December 2022, using the Inter-
national Classification of Diseases, 10th Revision (ICD-10) code 
T07. Patients were required to have injuries in two or more areas 
of the body to be classified as multiple trauma patients [15]. The 
confidentiality of data was maintained throughout the study, and 
the results were reported anonymously. 
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Participants
All patients with multiple trauma aged ≥18 years and hospital-
ized in the centers mentioned above were included in this study. 
Patients were excluded if they met the following criteria: (1) ad-
mitted as a secondary admission from another center; (2) discharg-
ed or transported from the study center before completing the as-
sessment and management; (3) admitted multiple times for one 
episode of trauma; or (4) died in the emergency department due 
to the impact of fatal trauma.

Data collection 
We collected data from patients’ records, including general de-
mographics (sex, age, comorbidities, and medication history), trau-
ma characteristics (type, mechanism, and Injury Severity Score 
[ISS]), arrival vital signs (blood pressure, heart rate, respiratory 
rate, temperature, oxygen saturation, and Glasgow Coma Scale 
Score [GCS]), management approaches (hemorrhagic shock and 
transfusion of blood products), hospital admission information 
(department of admission, mechanical ventilation, length of hos-
pital stay, and intensive care unit [ICU] admission and length of 
stay), in-hospital complications, and mortality.
 To weigh the comorbid conditions and underlying disease, we 
used the Charlson Comorbidity Index score [16]. The ISS score 
was measured as the sum of squares of the highest Abbreviated 
Injury Scale from three different body regions [17]. Posttrauma 
complications were defined as medical and surgical complications 
related to trauma that occurred during hospital admission, includ-
ing infections, thromboembolic events, and circulation disturbance, 
and were confirmed by two experts and written in the medical 
records. We classified the complications that were potentially life-
threatening or resulted in permanent disability, including cerebral 
vascular accident, acute coronary syndrome, arrhythmia, abdomi-
nal compartment syndrome, pulmonary embolism, acute respira-
tory distress syndrome, gastrointestinal bleeding, peritonitis, com-
partment syndrome, deep vein thrombosis, deep surgical site in-
fection, sepsis, and multiorgan failure, as major complications. A 
general practitioner was responsible for data collection under the 
direct supervision of an emergency physician specialist. 

Statistical analysis
Assuming the frequency of 5% for posttrauma complications based 
on a previous report [18], for a desired precision of 2%, a minimum 
sample size of 450 was necessary to estimate complications in our 
study centers. Therefore, we decided to collect data on patients 
with multiple trauma during 2 subsequent years. Results of the 
descriptive analysis are presented as counts with percentages (qual-
itative variables) or median with interquartile range values (quan-

titative variables) according to the non-normal distribution of the 
data. The chi-squared test was used for proportions and the Mann-
Whitney U-test was used for continuous variables to compare the 
demographic and clinical characteristics between the cohort of 
patients with and without complications, respectively. Any vari-
able with a significant univariable test was inserted into the mul-
tivariable logistic regression to find factors related to posttrauma 
complications. Adjusted odds ratios (ORs) for these factors were 
presented with 95% confidence intervals (CIs). To further evalu-
ate the association between ISS and the occurrence of posttrau-
ma complications, we used ISS as a categorical variable divided 
as ≤8 (minor), 9 to 15 (moderate), 16 to 24 (severe), and ≥25 
(very severe) [19]. The impact of ISS on frequency, severity, and 
the number of complications was assessed using the chi-squared 
test. All hypothesis tests performed were two-sided. P<0.05 was 
considered to be statistically significant. All statistical analyses 
were conducted using IBM SPSS ver. 24 (IBM Corp).

RESULTS

Characteristics of the study population
Of the 1,336 patients recorded as having multiple trauma in the 
database between January 2020 and December 2022, there were 
890 hospitalized patients (the remaining 446 were managed as 
outpatients). Among them, 727 patients met the study inclusion 
criteria (Fig. 1). Patients were admitted to different units of the 
hospitals, including the emergency department (62.5%), surgery 
department (19.9%), neurosurgery department (4.5%), and or-
thopedic surgery department (3.9%), or directly to the ICU (4.4%). 
 The median age of patients was 33 years (interquartile range 
[IQR], 24–45 years), and 79.1% of patients were male. Among the 
total study population, 15.7% had at least one comorbid condi-

Fig. 1. Flow diagram of patient selection. ED, emergency department.

1,336 Multiple trauma 
patients from electronic 

database

446 Excluded (outpatients) 

890 
Hospitalized

727 Assessed 
patients

163 Excluded 
        84 Pediatric patients
        37 Early discharges
        31 Secondary admissions
          7 Multiple admissions 
          4 ED deaths



413Clin Exp Emerg Med 2023;10(4):410-417

Shayan Dasdar, et al.

tion, and the median Charlson Comorbidity Index score of these 
patients was 2 (IQR, 0–3). The trauma type in most patients was 
blunt (97.2%). The most common causes of trauma were motor-
cycle accident (28.5%), car accident (27.2%), fall (18.3%), pedes-
trian accident (17.9%), and assault (6.2%). The median ISS score 
of all patients was 3 (IQR, 0–9). The overall mortality rate of the 
whole cohort was 5.8%. 

Incidence of complications 
A total of 90 patients (12.4%) experienced in-hospital complica-
tions during the course of this study, including 35 (38.9%) who 
suffered from major complications. Most of the patients developed 
only one complication. The most frequent complications were pneu-
monia (4.8%), atelectasis (3.7%), and superficial surgical site in-
fection (2.5%). The mortality rate in multiple trauma patients with 
complications was 33.3%, and a rise in complication numbers 
(OR, 34.54; 95% CI, 15.77–75.67) and major complications (OR, 
4.63; 95% CI, 3.21–6.69) increased the mortality rate. The char-
acteristics of complications observed in this study are demonstrat-
ed in Table 1.
 The comparison between patients with and without complica-
tions revealed a significant difference in age between the two 
groups (39.5 [IQR, 28.7–51.0] years vs. 32.0 [IQR, 24.0–45.0] years, 
P=0.005). Patients with complications had higher Charlson Co-
morbidity Index scores (0 [IQR, 0–1] vs. 0 [IQR, 0–0], P=0.006). 
The ISS was greater in patients with complications than in those 
without them (22 [IQR, 14–34] vs. 1 [IQR, 0–6], P<0.001). The 
presence of complications in multiple trauma patients was asso-
ciated with ICU admission (54.4% vs. 6.3%, P<0.001), a longer 
length of ICU stay (3 days [IQR, 2–8 days] vs. 2 days [IQR, 1–3 days], 
P<0.001) and longer length of hospital stay (5 days [IQR, 2–13 
days] vs. 1 day [IQR, 1–1 days], P<0.001), and mortality (33.3% 
vs. 1.9%, P<0.001). Features of the multiple trauma patients with 
and without complication are presented in greater detail in Table 2.
 A multivariable logistic regression analysis was performed to 
identify factors associated with complications in patients with multi-
ple trauma (Table 3). Accordingly, ISS, ICU length of stay, hospital 
length of stay, and mortality were significantly associated with 
complications. Per every 1-point increase in ISS, the complication 
rate in multiple trauma patients increased by 17%. Also, with every 
1-day increase in the ICU and hospital stay lengths, the complica-
tion rate increased by 65% and 20%, respectively. Posttrauma 
complications were also 163 times more common in patients with 
mortality. 

Effects of injury severity
We further investigated the effects of ISS on in-hospital compli-

Table 1. The frequency of different complications in patients with mul-
tiple trauma (n=727)

Variable No. (%)

No. of complications

   1 46 (6.3)

   2 26 (3.6)

   3 7 (1.0)

   4 3 (0.4)

   5 4 (0.6)

   6 2 (0.3)

   7 1 (0.1)

   8 1 (0.1)

Central nervous system

   Diabetes insipidus 1 (0.1)

   Cerebral vascular accident 1 (0.1)

   Meningitis 1 (0.1)

Circulation

   Acute coronary syndrome 7 (1.0)

   Arrhythmia 4 (0.6)

   Acute kidney injury 17 (2.3)

   Abdominal compartment syndrome 1 (0.1)

Respiratory

   Atelectasis 27 (3.7)

   Pneumonia 35 (4.8)

   Pulmonary embolism 10 (1.4)

   ARDS and respiratory failure 5 (0.7)

Gastroenterology

   Gastrointestinal bleeding 4 (0.6)

   Hyperbilirubinemia and liver failure 2 (0.3)

   Peritonitis 1 (0.1)

Bone and joints

   Compartment syndrome 3 (0.4)

   Deep vein thrombosis 3 (0.4)

   Rhabdomyolysis 15 (2.1)

Coagulation (thrombocytopenia and coagulation disorder) 9 (1.2)

Infection

   Superficial surgical site infection 18 (2.5)

   Deep surgical site infection 6 (0.8)

   Sepsis 4 (0.6)

Multiorgan failure 4 (0.6)

ARDS, acute respiratory distress syndrome.

cations in multiple trauma patients. Accordingly, the frequency of 
complications was significantly increased in higher ISS categories 
(P<0.001); more specifically, the occurrence rate was 2.0% when 
≤8, 16.4% when 9 to 15, 45.5% when 16 to 24, and 67.7% when 
≥25 (Fig. 2A). With a higher ISS, there were more major complica-
tions that occurred in a statistically significant fashion (P=0.027). 
In order from the lowest to the highest ISS category, the occur-
rence rates of major complications were 18.2%, 8.3%, 44.0%, and 
50.0%, respectively (Fig. 2B). In addition, the number of compli-
cations significantly increased in association with a higher ISS 
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Table 2. Comparing the demographic and clinical characteristics of patients with and without in-hospital complications

Characteristic Total (n=727)
Complication

P-value
No (n=637) Yes (n=90)

Age (yr) 33.0 (24.0–45.0) 32.0 (24.0–45.0) 39.5 (28.7–51.0) 0.006

Sex 0.213

   Male 575 (79.1) 499 (78.3) 76 (84.4)

   Female 152 (20.9) 138 (21.7) 14 (15.6)

Charlson Comorbidity Index 0 (0–0) 0 (0–0) 0 (0–1) 0.005

Trauma type 0.727

   Blunt 707 (97.2) 620 (97.3) 87 (96.7)

   Penetrating 20 (2.8) 17 (2.7) 3 (3.3)

Trauma mechanism 0.094

   Car 198 (27.2) 170 (26.7) 28 (31.1)

   Motorcycle 207 (28.5) 192 (30.1) 15 (16.7)

   Pedestrian 130 (17.9) 113 (17.7) 17 (18.9)

   Fall 133 (18.3) 108 (17.0) 25 (27.8)

   Assault 45 (6.2) 42 (6.6) 3 (3.3)

   Other 14 (1.9) 12 (1.9) 2 (2.2)

Injury Severity Score 3 (0–9) 1 (0–6) 22 (14–34) <0.001

Systolic blood pressure (mmHg) 115 (110–125) 116 (110–125) 110 (100–120) <0.001

Diastolic blood pressure (mmHg) 75 (70–80) 75 (70–80) 70 (60–80) <0.001

Heart rate (beats/min) 81 (78–89) 80 (76–88) 88 (80–100) <0.001

Respiratory rate (breaths/min) 17 (16–18) 17 (16–18) 18 (16–19) 0.001

Oxygen saturation (%) 97 (96–98) 97 (96–98) 96 (94–98) 0.016

Temperature (°C) 36.8 (36.5–37.0) 36.8 (36.5–37.0) 37.0 (36.5–37.1) 0.011

Glasgow Coma Scale score <0.001

   13–15 618 (97.0) 67 (74.4) 685 (94.2)

   9–12 10 (1.6) 11 (12.2) 21 (2.9)

   6–8 5 (0.8) 5 (5.6) 10 (1.4)

   4–5 1 (0.2) 4 (4.4) 5 (0.7)

   <3 3 (0.5) 3 (3.3) 6 (0.8)

Hemorrhagic shock 35 (4.8) 13 (2.0) 22 (24.4) <0.001

Blood transfusion 80 (11.0) 28 (4.4) 52 (57.8) <0.001

Mechanical ventilation 79 (10.9) 33 (5.2) 46 (51.1) <0.001

Surgery 107 (14.7) 56 (8.8) 51 (56.7) <0.001

ICU admission 89 (12.2) 40 (6.3) 49 (54.4) <0.001

ICU length of stay (day) 3 (1–5) 2 (1–3) 3 (2–8) <0.001

Hospital length of stay (day) 1 (1–1) 1 (1–1) 5 (2–13) <0.001

Mortality 42 (5.8) 12 (1.9) 30 (33.3) <0.001

Values are presented as median (interquartile range) or number (%).
ICU, intensive care unit.

(P=0.005). In the group where ISS≥25, 38.1% of patients with 
complications experienced four or more complications, while this 
rate was just 4.0% when ISS was 16 to 24 and 0% when ISS≤8 
or 9 to 15 (Fig. 2C). 

DISCUSSION

In-hospital complications in patients with multiple trauma are 
common and associated with a significant burden on both pa-
tients and trauma centers. Tracing these complications is crucial 

to establish the best practices for their reduction. The present 
study explored the characteristics and outcomes of patients with 
multiple trauma to add to the growing knowledge of posttrauma 
complications. We found that almost 10% of hospitalized adult 
patients with multiple trauma experienced at least one complica-
tion; in-hospital complications were also associated with poor 
outcomes, and ISS was identified as an important factor associ-
ated with complications. 
 The 12.4% posttrauma complication rate among multiple trau-
ma patients in the current study is consistent with previous re-



415Clin Exp Emerg Med 2023;10(4):410-417

Shayan Dasdar, et al.

Fig. 2. Effect of injury severity on in-hospital complications of patients with multiple trauma. (A) Frequency, (B) severity, and (C) number of complica-
tions according to Injury Severity Score (ISS).
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Table 3. Multivariable logistic regression of factors related to hospital 
complications in patients with multiple trauma

Factor Adjusted OR (95% CI) P-value

Age (yr) 0.924 (0.810–1.054) 0.239

Charlson Comorbidity Index 2.794 (0.390–20.016) 0.307

Injury Severity Score 1.174 (1.001–1.377) 0.049*

Systolic blood pressure (mmHg) 1.035 (0.952–1.125) 0.416

Diastolic blood pressure (mmHg) 0.977 (0.916–1.042) 0.478

Heart rate (beats/min) 0.954 (0.865–1.052) 0.347

Respiratory rate (breaths/min) 0.793 (0.575–1.092) 0.155

Oxygen saturation (%) 1.333 (0.972–1.827) 0.075

Temperature (°C) 0.275 (0.030–2.531) 0.254

Glasgow Coma Scale score

   13–15 Reference

   9–12 0.094 (0.002–5.909) 0.263

   6–8 0.927 (0.024–35.699) 0.968

   4–5 12.593 (0.067–2,372.001)   0.343

   <3 0.005 (0.001–105.881) 0.298

Hemorrhagic shock 6.351 (0.183–219.926) 0.307

Blood transfusion 1.672 (0.077–36.170) 0.743

Mechanical ventilation 0.074 (0.004–1.255) 0.071

Surgery 1.031 (0.556–1.910) 0.924

ICU admission 1.000 (NA) 0.999

ICU length of stay (day) 1.654 (1.002–2.731) 0.049*

Hospital length of stay (day) 1.205 (1.028–1.412) 0.021*

Mortality 163.297 (3.037–8,779.318) 0.012*

OR, odds ratio; CI, confidence interval; ICU, intensive care unit; NA, not applicable.
*P<0.05.

ports [20,21]. According to other studies, this incidence rate could 
rise to as high as 30% in ICU-admitted patients [11,12]. Pulmo-
nary-related complications were the most frequent posttrauma 
complications, while thromboembolic events were associated with 
the highest mortality rate [11,20,22]. Notably, patients with more 
complications and/or with major complications were at greater 
risk for death. 

 According to our data, in-hospital complications in multiple 
trauma patients are associated with increased lengths of hospital 
stay and ICU stay, which is consistent with previous reports [10,12, 
23]. These observations could be attributed to the fact that sal-
vage of severely injured patients with multiple trauma necessi-
tates more extended hospitalization and ICU care, increasing com-
plications and vice versa. We also observed a strong association 
between mortality and posttrauma complications; in other words, 
multiple trauma patients with complications are at increased risk 
of death. Although the cost of care was not evaluated in the cur-
rent study, the increase in both hospital length of stay and mor-
tality undoubtedly enhances resource utilization. A previous study 
focused on the cost associated with traumatic injury showed that 
patients with complications are likely to have three to five times 
higher costs than those without complications [13].
 Our findings also showed that ISS was significantly associated 
with in-hospital complications in multiple trauma patients. In 
particular, we observed that the rate of complications increased 
by 17% for every 1-point increase in ISS. Accordingly, in higher 
ISS category groups, more patients experienced complications 
and also more frequently suffered from major and multiple com-
plications. A severe injury following a traumatic event can have 
an extreme impact on physiological mechanisms, including the 
immunological, endocrinological, and acute stress responses. More-
over, these patients usually undergo multiple transfusions, numer-
ous invasive procedures, surgeries, and extended hospital care, 
making them vulnerable to developing complications. To date, 
several studies have indicated the direct effect of ISS on the oc-
currence of infection [24], thromboembolic events [25], and acute 
kidney injury [26] following the trauma. Therefore, calculating ISS 
as an independent predictor of posttrauma complications is crucial 
for the management of patients with trauma, and scores should 
be recorded in patients’ charts.
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 In addition to complications, another important metric is the 
mortality rate of complicated multiple trauma patients. Failure 
to rescue patients with complications is an evolving factor that 
identifies the hospital’s quality of care of patients with trauma 
[27]. The mortality rate of multiple trauma patients with compli-
cations in the present study was measured as 33.3%, which is 
higher than rates in similar previous reports [20,21]. Several fac-
tors influence mortality following complications; some are relat-
ed to clinicians and care providers, while others are related to 
patients. A study from Japan showed that trauma patients in 
high-performing hospitals had lower rates of complications and 
failure to rescue than those in low-performing hospitals [20]. 
Another study indicated that clinician-attributable errors in di-
agnosing and managing trauma patients with complications are 
a major contributor to mortality [21]. Age, preexisting comorbid-
ities, and insurance status are also patient-related factors iden-
tified to significantly affect the mortality of trauma patients with 
complications [28–31].
 The nature of multiple trauma injuries demands a multidisci-
plinary approach and real-time decision-making. Improving the 
quality of care and minimizing errors can successfully reduce the 
rate of in-hospital complications and related deaths in patients 
with multiple trauma. A recent study from the United States as-
sessed eight million patients with trauma and noted a significant 
drop in posttrauma complications over a decade [18]. Therefore, 
adhering to resuscitation and prophylaxis protocols, besides iden-
tifying patients at greater risk, could be a key component for re-
ducing complications in multiple trauma patients.
 There were some limitations in the current study. First, this study 
had a retrospective design, and the recorded complications’ cor-
rectness and completeness depended on the responsible clinicians. 
There might also be some patients with multiple trauma treated 
during the study period that were not included. Second, we could 
not confirm the causal relationship between events due to uncer-
tainty about the complications’ onset date. Third, this study did 
not collect data on prophylaxis or treatment approaches. To re-
duce the posttrauma complications in multiple trauma patients, 
future studies could investigate interventions that might improve 
trauma centers’ quality of care.
 Multiple trauma injuries are associated with a wide list of in-
hospital complications. ISS was detected as a major factor asso-
ciated with in-hospital complications, implying its importance 
when managing patients with trauma. Multiple trauma patients 
with more severe injuries should receive high-quality care and 
preventive services to avoid unwanted complications.
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Objective This study examined the characteristics of patients who attempted suicide in the 
emergency department before and during the COVID-19 pandemic. 

Methods We compared data from patients in the emergency department following suicide at-
tempts between January 2018 and December 2021. The patients were categorized into two 
groups: “pre–COVID-19” and “during COVID-19” pandemic.

Results The findings revealed an increasing trend of suicide attempts during the study period. Sui-
cide attempts were reported at 1,107 before the COVID-19 pandemic and 1,356 during the COV-
ID-19 pandemic. Patients who attempted suicide during the COVID-19 pandemic were younger 
(38.0±18.5 years vs. 40.7±18.4 years, P<0.01), had a smaller proportion of men (36% vs. 44%, 
P<0.01), and had fewer medical comorbidities (20.2% vs. 23.6%, P<0.05). The group during the 
COVID-19 pandemic reported better hygiene conditions (50.5% vs. 40.8%, P<0.01) and lower al-
cohol consumption (27.7% vs. 37.6%, P<0.01). Patients who attempted suicide during the COV-
ID-19 pandemic had higher rates of use of psychiatric medications and previous suicide attempts. 
The most common reasons for the suicide attempt were unstable psychiatric disorders (38.8%), 
poor interpersonal relationships (20.5%), and economic difficulties (14.0%). Drug poisoning (44.1%) 
was the most common method of suicide attempts. Subgroup analysis with patients who attributed 
their suicide attempts to COVID-19 revealed a higher level of education (30.8%) and employment 
status (69.2%), with economic difficulties (61.6%) being the primary cause of suicide attempts.

Conclusion These findings suggest that the prolonged duration of the COVID-19 pandemic and 
its effects on social and economic factors have influenced suicide attempts.
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What is already known
The COVID-19 pandemic is directly and indirectly affecting daily life around the 
world. It is also having an adverse effect on mental health.

What is new in the current study
This study conducted a small group analysis on patients who attempted suicide 
due to the influence of COVID-19. The economic reasons for causing suicide 
were characterized as the biggest. These findings suggest that the long-term 
persistence of the epidemic and its impact on social and economic factors in-
fluenced suicide attempts.
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INTRODUCTION

The COVID-19 pandemic has directly and indirectly affected daily 
life worldwide. As an unprecedented infectious disease, it has 
strongly affected aspects of global health that have previously 
been taken for granted. Mask-wearing has become essential to 
prevent viral transmission, and most countries have begun social 
distancing, thus limiting social encounters. It is now natural to 
track movements using quick response (QR) codes and provide 
contact information to infected people. Remote office work and 
online classes for students in schools have become more com-
mon. Cultural and performance events with large crowds have 
largely disappeared, and the forms of essential gatherings, such 
as weddings and holiday events, have changed significantly.
 As these changes in life persist, the “corona blue” phenomenon 
spreads. As daily life shifted to nonphysical interactions, social 
isolation was maximized, and the boundaries of each field col-
lapsed, creating emotional instability [1]. Offline economic activi-
ty has declined sharply. High unemployment and those who have 
not adapted to the changes have been directly affected by de-
creased income, causing anxiety, fear, and depression [2].
 Suicide attempts are an important social measure of mental 
health outcomes and can be associated with economic and cul-
tural status. According to the 2022 Suicide Prevention White Pa-
per released in 2022, the suicide attempt rate in Korea was 24.6 
per 100,000 people in 2019, the highest among Organization for 
Economic Co-operation and Development (OECD) member coun-
tries, more than twice the average for OECD countries [3]. After 
the outbreak of COVID-19, the number of people complaining of 
depression increased to 20% of the total population due to quar-
antine measures, such as national lockdown and self-isolation. 
The symptoms associated with anxiety and depression during the 
pandemic are not unique to Korea [4].
 According to data from the US Centers for Disease Prevention 
and Control (CDC), 41% of those surveyed said they had experi-
enced pandemic-related psychological abnormalities and a high 
proportion of respondents (11%) considered suicide. A higher sui-
cide attempt rate during the COVID-19 pandemic was also re-
ported in Japan, according to a 2-year survey conducted between 
2020 and 2021 [5].
 A Korean database study that predicts and compares suicide 
attempt rates using a forecasting model reported that the overall 
number of suicide attempts did not increase; however, the num-
ber of suicide attempts by women and young people did [6]. Ad-
ditionally, studies that focus on changes in mortality rate have 
analyzed rescue factors of suicide attempters before and during 
the COVID-19 pandemic [7]. However, studies determining the 

direct or indirect effects of COVID-19 on suicide attempts after 
the outbreak are lacking.
 This study aimed to compare the characteristics of patients 
who attempted suicide in the emergency department (ED) before 
and during the COVID-19 pandemic to examine the factors that 
affected suicide attempts in the ED during the prolonged COV-
ID-19 pandemic.

METHODS

Ethics statement
This study was approved by the Institutional Review Board of 
Inha University Hospital (No. 2021-05-023). The requirement for 
informed consent was waived due to the retrospective nature of 
the study.

Study design and setting
Inha University Hospital (Incheon, Korea) is a tertiary academic 
hospital and suicide crisis prevention center in Korea. We conduct-
ed a retrospective study using data obtained from medical records 
and counseling surveys conducted in the ED of our hospital. This 
ED-based suicide crisis prevention center started in 2017 and has 
a 24-hour operating system. This suicide crisis prevention center 
mainly focuses on the initial evaluation, follow-up management, 
and community connection of suicide attempts among those who 
visit the ED. Through this, various information, such as the charac-
teristics and demographic information of suicide attempts and 
the motivation, location, and method of suicide attempts, were 
recorded and follow-up management was conducted.

Data collection and variables
Patients who had attempted suicide and were seen at the hospi-
tal through a regional emergency medical center between Janu-
ary 1, 2018 and December 31, 2021, were included. Among pa-
tients who visited the ED, those whose intentionality could not 
be confirmed due to cardiac arrest or decreased consciousness 
were excluded. Caregiver counseling was recorded when it was 
impossible to interview the patient. Medical records, including 
psychiatric consultation and counseling records, were reviewed 
retrospectively.

Main outcomes
From January 1, 2018 to December 31, 2021, the medical records 
of patients who visited the hospital due to suicide attempts and 
counseling on follow-up management projects for suicide at-
tempts were reviewed retrospectively. Demographic data included 
age, sex, history of chronic diseases, education, medical insur-
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ance, hygiene, employment status, marital status, ED vital signs, 
consciousness, alcohol consumption, ED exit results, and duration 
of stay in the ED. Hygiene categories were collected based on 
psychiatric consultation records. The insurance status and history 
were collected by checking medical records. Medicare is a vulner-
able group that receives state funding. Suicide-related data in-
cluded psychiatric history, mental illness history, history of previ-
ous suicide attempts, reasons for the suicide attempt, and meth-
od of suicide attempt. This information was collected from ED re-
cords, mental health consultations, and medical charts.
 Based on the first reported COVID-19 case in January 2020, 
patients who were seen in the hospital for suicide attempts from 
January 1, 2018 to December 31, 2019, were in the “pre–COV-
ID-19 pandemic” group, and those seen from January 1, 2020 to 
December 31, 2021, were in the “COVID-19 pandemic” group. 
Additionally, a small group analysis was conducted among pa-
tients who reported that suicide attempts during the COVID-19 
pandemic were related to COVID-19. Suicide attempts of patients 
and COVID-19 associations were included only when associations 
mentioned by patients were recorded in the ED, during hospital-
ization, or on the psychiatric chart through a review of medical 
records.

Statistical analysis
Categorical variables were presented as frequency and percent-
age, and continuous variables were presented as mean±standard 
deviation. Comparisons between groups were made using the chi-
square test for categorical variables and the t-test for continuous 
variables. All reported P-values were two-sided and statistical 
significance was set at P<0.05. A multivariate logistic regression 

analysis was performed to determine the association between 
COVID-19 suicide attempts and economic difficulties. Multivari-
ate logistic regression analysis adjusted according to age, sex, 
chronic medical history, education, insurance, employment status, 
and marital status was performed to calculate the adjusted odds 
ratio and 95% confidence interval (CI). Stata ver. 16 (Stata Corp) 
was used for all analyses.

RESULTS

During the study period, 260,662 patients visited our hospital’s 
ED. Data from 2,463 patients who had attempted suicide were 
analyzed. Before the COVID-19 pandemic, 1,107 suicide attempts 
were reported and 1,356 suicide attempts were reported during 
the COVID-19 pandemic. An increasing trend was observed an-
nually, with 524 cases in 2018, 583 in 2019, 627 in 2020, and 729 
in 2021 (Fig. 1).

Demographic characteristics
The mean age was 39.2±18.5 years, and 977 patients (39.7%) 
were male. During the COVID-19 pandemic, patients who at-
tempted suicide and were evaluated in the ED had a younger age, 
a lower proportion of men, and fewer past history of diseases 
such as diabetes and high blood pressure. There were no signifi-
cant differences in the degree of education, proportion of Medi-
care users, and employment between the two groups. Regarding 
hygiene during ED visits, many groups of patients who attempted 
suicide during the COVID-19 pandemic were in good condition 
and drank significantly less. There were also differences in marital 
status and ED results (Table 1).

Fig. 1. The trend of suicidal patients visiting the emergency department. Q, quarter. 
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Psychiatric characteristics
A total of 1,339 patients (54.4%) had a history of psychiatric ill-
ness and there were no significant differences between the two 
groups. The most common psychiatric history was a major de-
pressive disorder. Overall, more than half of the patients who at-
tempted suicide were taking psychiatric medications, and the 
group who attempted suicide during the COVID-19 pandemic 
showed more use of psychiatric medications (n=721, 53.2%) and 
previous suicide attempts (n=376, 27.7%) than before the COV-
ID-19 pandemic (P<0.05). The causes of suicide attempts com-

mon in the two groups were issues related to psychiatric disor-
ders (n =956, 38.8%), interpersonal relationships (n =505, 
20.5%), economic difficulties (n=345, 14.0%), physical illness 
(n=106, 4.3%), and other causes not listed (n=551, 22.4%). The 
methods of suicide attempt were the following: drug poisoning 
(n=1,086, 44.1%), carbon monoxide poisoning (n=358, 14.5%), 
drowning (n=45, 1.8%), hanging (n=128, 5.2%), falling (n=42, 
1.7%). Suicidal ideation (n=66, 2.7%), self-harm with cutting 
and stabbing (n=447, 18.1%), and others (n=291, 11.8%) were 
also reported (Table 2). 

Table 1. Demographic characteristics

Characteristic Total (n=2,463) During COVID-19 (n=1,356) Pre–COVID-19 (n=1,107) P-value

Age (yr) 39.2±18.5 38.0±18.5 40.7±18.4 <0.01

Sex <0.01

   Male 977 (39.7) 490 (36.1) 487 (44.0)

   Female 1,486 (60.3) 866 (63.9) 620 (56.0)

Chronic medical history 535 (21.7) 274 (20.2) 261 (23.6) <0.05

Education status (high school graduate) 593 (24.1) 330 (24.3) 263 (23.8) 0.77

Medicare 271 (11.0) 162 (11.9) 109 (9.8) 0.09

Hygiene status <0.01

   Good 1,137 (46.2) 685 (50.5) 452 (40.8)

   Not bad 178 (7.2) 81 (6.0) 96 (8.7)

   Bad 315 (12.8) 147 (10.8) 168 (15.2)

   Unknown 833 (33.8) 443 (32.7) 390 (35.2)

Employed 1,148 (46.6) 656 (48.4) 492 (44.4) 0.14

Marital status <0.01

   Married 649 (26.3) 317 (23.4) 332 (30.0)

   Single 1,101 (44.7) 644 (47.5) 457 (41.3)

   Divorced 279 (11.3) 163 (12.0) 116 (10.5)

   Unknown 434 (17.6) 232 (17.1) 202 (18.2)

Initial vital sign

   Systolic blood pressure (mmHg) 123.6±35.4 125.1±35.2 121.8±35.6 <0.05

   Diastolic blood pressure (mmHg) 75.8±23.2 77.1±23.4 74.3±22.9 <0.05

   Pulse rate (beats/min) 87.8±27.2 87.2±26.2 88.5±28.2 0.23

   Respiratory rate (breaths/min) 18.1±4.8 18.1±4.4 18.1±5.3 0.76

Mental status 0.39

   Alert 1,705 (69.2) 934 (68.9) 771 (69.6)

   Drowsy 434 (17.6) 243 (17.9) 191 (17.3)

   Stupor 219 (8.9) 128 (9.4) 91 (8.2)

   Coma 105 (4.3) 51 (3.8) 54 (4.9)

Alcohol ingestion 792 (32.2) 376 (27.7) 416 (37.6) <0.01

ED disposition <0.01

   Discharge 1,196 (48.6) 735 (54.2) 461 (41.6)

   Admission

      General ward admission 621 (25.2) 300 (22.1) 321 (29.0)

      Intensive care unit admission 463 (18.8) 221 (16.3) 242 (21.9)

      Psychiatric admission 31 (1.3) 24 (1.8) 7 (0.6)

   Transfer to other hospital 73 (3.0) 37 (2.8) 35 (3.2)

   Death 79 (3.2) 38 (2.8) 41 (3.7)

ED length of stay (min) 340.8±333.0 341.9±300.3 339.5±369.2 0.86

Values are presented as mean±standard deviation or number (%). Percentages may not total 100 due to rounding.
ED, emergency department.
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Subgroup analysis
The average age of the patients who mentioned that COVID-19 
was a cause of suicide was 42.3±16.9 years, and 42 (40.4%) were 
male. The proportion of patients graduating from high school or 
higher was 30.8%, the proportion of patients with a good hy-
giene status was 61.5%, and the proportion of patients with em-
ployment was relatively high at 69.2%. The most common cause 
of suicide in this group was economic difficulties, with the high-
est rate at 63.5%. The situation worsened by COVID-19 was also 
found to be the highest in terms of economic difficulties, with 
61.6% (Table 3). Among the patients who visited during the COV-
ID-19 pandemic, those who responded that COVID-19 affected 
suicide showed a significant association with attempted suicide 
for economic reasons (adjusted odds ratio, 12.25; 95% CI, 7.66–
19.59) (Table 4).

DISCUSSION

This study analyzed more than 2,400 patients who attempted 
suicide. During the COVID-19 pandemic, the number of suicide 
attempts steadily increased. The most common cause of suicide 
was an existing psychiatric disorder, and the most common 
method of suicide attempt was drug poisoning. Patients who at-

tempted suicide due to COVID-19 were driven primarily by eco-
nomic reasons that caused the attempt.
 We found an increase in the number of suicide attempts dur-
ing the COVID-19 pandemic. The unexpected spread of COVID-19 
and the rising distress in the community have led to a pandemic, 
which may eventually lead to an increasing trend in reported sui-
cide attempts during the COVID-19 pandemic compared with 
similar pandemics worldwide. This is consistent with the results 
of previous studies [8,9]. A Japanese study [10] compared chang-
es in suicide attempt rates by period and reported that there were 
no significant changes immediately after COVID-19; however, as 
the disaster situation increased, the suicide attempt rate peaked 
in the fall of 2020, followed by a downward trend.
 According to the World Health Organization (WHO) [8], previ-
ous attempts at suicide in normal situations are considered the 
most important risk factor for suicide among the public. However, 
a recent systematic review [11] identified domestic conflict and 
violence, financial or job loss, anxiety, depression, and existing 
psychiatric conditions as risk factors. The study also found that 
groups that attempted suicide during the COVID-19 pandemic 
had higher rates of use of psychiatric medications and previous 
suicide attempts than those before the COVID-19 pandemic. This 
can be interpreted as being affected by risk factors for social iso-

Table 2. Psychiatric and suicidal characteristics

Characteristic Total (n=2,463) During COVID-19 (n=1,356) Pre–COVID-19 (n=1,107) P-value

Psychiatric medication 1,271 (51.6) 721 (53.2) 550 (49.7) <0.01

Psychiatric illness 1,339 (54.4) 753 (55.5) 586 (52.9) 0.28

   Major depressive disorder 887 (36.0) 506 (37.3) 381 (34.4)

   Bipolar disorder 53 (2.2) 28 (2.1) 25 (2.3)

   Schizophrenia or psychotic disorder 51 (2.1) 30 (2.2) 21 (1.9)

   Anxiety disorder or panic disorder 69 (2.8) 38 (2.8) 31 (2.8)

   Other 279 (11.3) 151 (11.1) 128 (11.6)

Previous suicide attempt 592 (24.0) 376 (27.7) 216 (19.5) <0.01

Motivation of suicide attempt 0.17

   Psychiatric disorder 956 (38.8) 515 (38.0) 441 (39.8)

   Interpersonal relationship 505 (20.5) 279 (20.6) 226 (20.4)

   Economic difficulty 345 (14.0) 211 (15.6) 134 (12.1)

   Physical illness   106 (4.3) 57 (4.2) 49 (4.4)

   Other 551 (22.4) 294 (21.7) 257 (23.2)

Method of suicide attempt <0.01

   Drug ingestion 1,086 (44.1) 583 (43.0) 503 (45.4)

   Self-harm (cutting, stabbing)   447 (18.1) 277 (20.4) 170 (15.4)

   Carbon monoxide poisoning 358 (14.5) 168 (12.4) 190 (17.2)

   Hanging 128 (5.2) 68 (5.0) 60 (5.4)

   Suicidal ideation only 66 (2.7) 46 (3.4) 20 (1.8)

   Drowning 45 (1.8) 22 (1.6) 23 (2.1)

   Fall down 42 (1.7) 25 (1.8) 17 (1.5)

   Other 291 (11.8) 167 (12.3) 124 (11.2)

Values are presented as number (%). Percentages may not total 100 due to rounding.
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lation and stay-at-home rules required during the COVID-19 pan-
demic.
 The increase in employment instability and the decrease in in-
come due to the prolonged COVID-19 pandemic have negatively 
affected mental health. The economy has stagnated due to limit-
ed social and economic activity worldwide, and many people are 
experiencing a decrease in income and job insecurity [12–14]. 
Reduced employment during the COVID-19 pandemic reduces 
psychological well-being and increases depression [15]. In this 
study, the main cause of attempted suicide was mental disorders, 
followed by interpersonal relationships in all patients before and 
after the COVID-19 pandemic. More than 60% of the patients 
attempted suicide due to the influence of COVID-19. The pro-
longed COVID-19 pandemic is not expected to adversely affect 
mental health; however, it is important to specifically confirm 
which patients who attempted suicide were adversely affected to 
attempt suicide.
 In this study, there was an increase in suicide attempts among 
patients who were single (47.5% vs. 41.3%) and divorced (12.0% 
vs. 10.5%) during the pandemic, showing that people without 
families may have suffered more severely due to the constraints 
of the pandemic. A previous study reported an increase in the risk 
of suicide in people living alone or in metropolitan areas during 
the pandemic, and another study reported an increase in the sui-
cide rate of socially vulnerable people, such as women, people 

Table 3. Subgroup analysis of patients who said COVID-19 affected suicide

Characteristic Value (n=104)

Age (yr) 42.3±16.9

Sex

   Male 42 (40.4)

   Female 62 (59.6)

Chronic medical history 21 (20.2)

Education status (high school graduate) 32 (30.8)

Medicare 12 (11.5)

Hygiene status

   Good 64 (61.5)

   Not bad 6 (6.8)

   Bad 19 (18.3)

   Unknown 15 (14.4)

Employed 72 (69.2)

Marital status

   Married 33 (31.7)

   Single 42 (40.4)

   Divorced 27 (26.0)

   Unknown 2 (1.9)

Mental status

   Alert 75 (72.1)

   Drowsy 21 (20.2)

   Stupor 8 (7.7)

   Coma 0 (0)

Alcohol ingestion 34 (32.7)

Emergency department disposition 

   Discharge 57 (54.8)

   Admission

      General ward admission 31 (29.8)

      Intensive care unit admission 12 (11.5)

      Psychiatric admission 2 (1.9)

   Transfer to other hospital 2 (1.9)

   Death 0 (0)

Emergency department length of stay (min) 353.2±322.9

Psychiatric medication 51 (49.0)

Psychiatric illness 52 (50.0)

   Major depressive disorder 41 (39.4)

   Anxiety disorder or panic disorder 4 (3.9)

   Bipolar disorder 1 (1.0)

   Schizophrenia or psychotic disorder 0 (0)  

   Other 6 (5.8)

Previous suicide attempt 24 (23.1)

Motivation of suicide attempt

   Psychiatric disorder 21 (20.2)

   Interpersonal relationship 14 (13.5)

   Economic difficulty 66 (63.5)

   Physical illness 3 (2.9)

   Other 0 (0)

Method of suicide attempt

   Drug ingestion 45 (43.3)

   Carbon monoxide poisoning  20 (19.2)

   Self-harm (cutting, stabbing) 20 (19.2)

   Drowning 6 (5.8)

Table 3. (Continued)

Characteristic Value (n=104)

   Fall down 3 (2.9)

   Suicidal ideation 0 (0)

   Other 10 (9.6)

Worse due to COVID-19

   Psychiatric disorder 27 (26.0)

   Interpersonal relationship 6 (5.8)

   Economic difficulty 64 (61.6)

   Physical illness 2 (1.9)

   Other 5 (4.8)

Values are presented as number (%). Percentages may not total 100 due to round-
ing.

Table 4. Multivariate logistic regression on COVID-19’s relevance to sui-
cide attempts due to economic difficulties during the COVID-19 pan-
demic (n=1,356) 

Factor
Unadjusted analysis Adjusted analysis

Odds ratio 95% CI Odds ratio 95% CI

Influence of COVID-19 13.26 8.58–20.49 12.25 7.66–19.59

Adjusted for age, sex, chronic medical history, education, insurance, employed 
status, and marital status.
CI, confidence interval.
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living alone, and minorities [16,17]. Studies have shown that 
continuous case management suicide crisis prevention centers 
for suicide reduce suicide reattempts. This is why more active and 
continuous case management for the vulnerable is needed in the 
future [18,19].
 There are some limitations to this study. First, patients who 
were seen in the ED primarily for suicide attempts were targeted; 
if their intention was unknown, they were excluded from the 
study. Patients who repeatedly visited the hospital were included 
in the analysis. Generalization is limited because this was a cross-
sectional study conducted at a single institution. However, it has 
the advantage of conducting an in-depth review of the relevance 
of COVID-19. Second, since this study was a retrospective review 
study of medical records, information was limited when the pa-
tient was in a coma or could not be obtained from a caregiver. 
Third, if the injury caused by suicide attempts is minor, it can be 
underestimated compared to before the COVID-19 pandemic. 
During the COVID-19 pandemic, medical resources have been 
concentrated in patients with more severe symptoms due to a 
lack of medical resources. In the case of tertiary academic hospi-
tals such as this research institute, those who attempted suicide 
with mild symptoms may have had more difficulty accessing 
medical services. Fourth, in the small group analysis, the associa-
tion between the patient’s suicide attempt and COVID-19 was 
limited to those affected only when the patient’s mentioned that 
COVID-19 was the reason for the suicide attempts was confirmed 
on the chart. Therefore, there was a limit for unidentified pa-
tients.
 In conclusion, during the COVID-19 pandemic, the most com-
mon cause of suicide was an existing psychiatric disorder, and the 
most common method of suicide attempt was drug poisoning. 
Patients who attempted suicide due to COVID-19 were driven by 
economic reasons. These findings suggest that the prolonged du-
ration of the pandemic and its effects on social and economic 
factors influence suicide attempts. 
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Objective Trauma is a global health problem. The causes of trauma-related deaths are diverse 
and may depend in part on socioeconomic and geographical factors; however, there have been 
few studies addressing such relationships. The aim of this study was to investigate the relation-
ships between trauma and geographical factors in order to support policy recommendations to 
reduce trauma-related deaths and disability. 

Methods In accordance with the PRISMA (Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses) guidelines, we searched international and Korean databases to retrieve relevant 
literature published between 2000 and 2020.

Results Thirty-two studies showed a positive relationship between the outcomes of major trau-
ma and geographical factors. The study investigated regional factors including economic factors 
such as size of urban areas, gross domestic product, and poverty rate, as well as hospital param-
eters, such as presence of trauma centers and number of hospital beds. There was a tendency 
toward higher mortality rates in rural and low-income areas, and most of the studies reported 
that the presence of trauma centers reduced trauma-related mortality rates.

Conclusion Our study showed that geographic factors influence trauma outcomes. The findings 
suggest geographical considerations be included in care plans to reduce death and disability 
caused by trauma.
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What is already known
In the past, trauma was thought to impact low-income people to a greater de-
gree because of poor medical access. The outcomes of trauma are influenced by 
various factors such as age, mechanism, surrounding environment, and other 
factors.

What is new in the current study
This study, through a systematic literature review, show that the factors affect-
ing trauma treatment outcomes are not only individual, but also socioeconomic 
status, population density of residence area, surrounding environment, and 
other factors.
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INTRODUCTION

Trauma is a global health problem [1], causing a reported 58 mil-
lion global deaths every year, which represents about 10% of all 
deaths [2]. Since trauma was recognized as a critical cause of death 
and disability in patients, multiple studies of trauma-related mor-
tality and disability have been published [3]. According to an an-
nual report summarizing the causes of death published by Statis-
tics Korea, 304,948 Koreans died from trauma in 2020. Among 
these, 26,442 (8.7%) died of external causes such as suicide, traf-
fic accidents, and falls [4]. When expressed as incidence per 100,000 
people, 25.7 died from suicide, 7.7 from traffic accidents, and 5.2 
from falls. Worldwide, trauma is one of the leading causes of death, 
especially in the working age group (15 to 44 years), with many of 
the fatalities resulting from traffic accidents and self-harm. So-
cioeconomic losses due to trauma account for 60% to 62% of the 
total socioeconomic costs, indicating trauma to be associated with 
a high socioeconomic burden [5]. 
 In the past, trauma was perceived to be a greater issue among 
low-income people with poor medical access. The US Department 
of Health and Human Service Centers for Disease Control and 
Prevention reported that deaths from trauma are not only a mat-
ter of concern in low-income counties, but also in high-income 
countries [6]. Today, it is believed that trauma can happen to any-
one but is often preventable: as such, there are ongoing efforts to 
reduce trauma cases [1] that include measurement of preventable 
trauma death rates. Preventable traumatic deaths are defined as 
trauma-related deaths that would have been avoided if trauma 
patients had received clinically “correct” diagnoses and optimal 
medical care [7]. There is a large body of research related to pre-
ventable traumatic death rates in Korea [7–10], reporting rates of 
40.5%, 39.6%, and 39.6% of trauma-related deaths in 1997− 
1998, 2003−2004, and 2009−2010, respectively. Researchers 
have predicted that if the medical infrastructure in Korea was 
equivalent to that of advanced nations, the preventable death 
rates would fall to less than 20% [8–11]. However, the prevent-
able death rates may vary by region within a given country. Even 
if a country has well-established trauma care systems and im-
proves medical quality at a national level, the quality and quanti-
ty of care may vary between regions, especially with respect to 
prehospital and in-hospital systems, medical resources, and level 
of medical centers [7,12]. The accessibility of medical services and 
service quality may significantly affect an individual’s health [13]. 
The causes of trauma-related deaths may also vary regionally due 
to socioeconomic and geographical factors [3,14]. Many advanced 
nations have reported such a correlation between geographical 
factors and incidence of trauma [15,16]. There have been few Ko-

rean studies addressing the socioeconomic and geographical fac-
tors that influence trauma since most domestic studies have fo-
cused on trauma patterns, pattern analyses, and clinical outcomes 
related to trauma in certain body parts [17].
 Based on the background above, the aim of the study was to 
investigate the relationships between trauma and geographical 
factors in order to support policies to reduce trauma-related 
deaths and disability. We performed a systematic review of pub-
lished studies.

METHODS

The PRISMA (Preferred Reporting Items for Systematic Reviews 
and Meta-Analysis) guidelines were used for this study [18]. To 
ensure objectivity, two researchers independently reviewed the 
retrieved articles based on the PRISMA flowchart. The two re-
searchers reached a consensus through discussions when they 
disagreed with the assessment. A risk-of-bias assessment was 
conducted for the articles included in the final set of references. 

Reference literature
The research was conducted with literature published in Korean 
databases and several international databases from January 1, 
2000 to December 31, 2020: RISS (Research Information Sharing 
Service), KISS (Korean Studies Information Service System), KM-
base (Korean Medical Database), KoreaMed, KNbase (Korean 
Nursing Database), National Assembly Library of Korea, PubMed, 
MEDLINE (via Ovid), Cochrane Library, ClinicalKey, CINAHL (Cu-
mulative Index to Nursing and Allied Health Literature), and EB-
SCOhost, with the last date of search June 27, 2021.
 Databases were selected based on systematic literature reviews. 
The search terms (both in Korean and English) were as follows: (1) 
“urbanization” AND “trauma” AND “outcome” OR “injury and wounds” 
AND “outcome” OR “trauma” AND “Glasgow Outcome Scale (GOS)” 
OR “injury and wound“ AND “GOS”; (2) “geographic” AND “trau-
ma” AND “outcome” OR “injury and wounds” AND “outcome” OR 
“trauma” AND “GOS” OR “injury and wound” AND “GOS”; (3) “com-
munity” AND “trauma” AND “outcome” OR “injury and wounds” 
AND “outcome” OR “trauma” AND “GOS” OR “injury and wound” 
AND “GOS.”

Literature selection
The selection of publications for inclusion was conducted in two 
phases. In the first phase, the researchers reviewed the title and 
abstract of each of the initially selected articles and then exclud-
ed case studies and papers that did not consider geographic and 
sociodemographic factors. In the second phase, the articles se-
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lected in the first phase were reassessed based on the following 
factors: (1) whether dependent variables were related to trauma 
patients; (2) whether geographic factors were considered inde-
pendent variables and if the study clarified, what causes influ-
enced the patient’s diagnosis of trauma; (3) whether the papers 
were published in an academic journal and analyzed correlations 
between trauma and regional factors; and (4) whether the papers 
met the purpose of this study. 

Risk-of-bias assessment
A risk-of-bias assessment was conducted for the 32 studies se-
lected for inclusion. The risk-of-bias assessment may also be 
called a quality assessment or critical appraisal of the included 
studies. The risk-of-bias assessment is needed to avoid any wrong 
conclusion due to heterogeneity, publication bias, etc. during a 
systematic literature review [19]. We used a checklist (QualSyst) 
developed by the Alberta Heritage Foundation for Medical Re-
search to assess the risk of bias in the included quantitative stud-
ies. QualSyst is a verified systematic review tool and very practical 
and useful for various study designs [20,21]. The QualSyst check-

list includes 14 items, but only 11 were used for this study [22]. 

RESULTS

Literature selection and risk-of-bias assessment
A total of 170,425 articles was searched, of which 81,264 were 
selected after excluding duplicate publications. After the first 
phase of selection, 141 articles remained. Of the 141 articles, 109 
were excluded based on the criteria for the second phase of liter-
ature selection. The reasons for exclusion were as follows: (1) 12 
articles dealt with dependent variables but were not related to 
trauma; (2) 86 articles did not consider geographical variables; (3) 
five articles did not assess the outcomes of trauma; and (4) six 
articles did not meet the purpose of this study. If an article failed 
for more than two reasons, the first factor we considered was 
whether the outcome was due to injury (in order of (1), (2) and 
(3)). Finally, we reviewed the remaining 32 articles published from 
January 1, 2010 to December 31, 2020 (Fig. 1).
 We assessed risk of bias in the 32 studies based on the 11 
items of the QualSyst checklist and scored them 0 (no), 1 (partial), 

Fig. 1. Study flowchart. RISS, Research Information Sharing Service; KISS, Korean Studies Information Service System; KMbase, Korean Medical Data-
base; KNbase, Korean Nursing Database; CINAHL, Cumulative Index to Nursing and Allied Health Literature.

81,123 Excluded (considered irrelevant to the purpose of the study)

109 Excluded
12 Dependent variables are not trauma 
86 Independant variables include no geographical variables 
  5 The outcome has no relationship with trauma outcomes
  6 The research did not conduct an analysis nor has relevance to this topic

170,425 Searched
     1,644 From RISS 
   18,086 From PubMed
        519 From KISS 
     1,791 From Cochrane Library
            0 From National Assembly Library of Korea
   30,331 From ClinicalKey
        202 From KMbase
     1,903 From CINAHL
            2 From KoreaMed
     5,299 From EBSCOhost
            4 From KNbase
  110,644 MEDLINE (via Ovid)

81,264 Selected

141 Remained after screening

32 Analyzed

Se
ar

ch
Se

le
tio

n
Sc

re
en

in
g

89,161 Excluded (duplicate publications)
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Table 1. QualSyst (Alberta Heritage Foundation for Medical Research) for quality assessment in the study (n=32)

Criteria
Score

2 (Yes) 1 (Partial) 0 (No) Not applicable

Are questions/objectives sufficiently described? 24 (75.0) 7 (21.9) 1 (3.1) 0 (0)

Is study design evident and appropriate? 11 (34.4) 14 (43.8) 7 (21.9) 0 (0)

Are methods of subject/comparison group selections or source of information/input 
variables described and appropriate?

22 (68.8) 9 (28.1) 1 (3.1) 0 (0)

Are subject (and comparison group, if applicable) characteristics sufficiently described? 18 (56.3) 9 (28.1) 3 (9.4) 2 (6.3)

Are the outcomes and (if applicable) exposed measure(s) well defined and robust to 
measurement/misclassification bias? Are means of the assessment reported?

17 (53.1) 10 (31.3) 5 (15.6) 0 (0)

Are sample sizes appropriate? 28 (87.5) 4 (12.5) 0 (0) 0 (0)

Are analytic methods described/justified appropriately? 23 (71.9) 9 (28.1) 0 (0) 0 (0)

Are some estimates of variables reported for the main results? 11 (34.4) 3 (9.4) 17 (53.1) 1 (3.1)

Are confound variables well-controlled? 17 (53.1) 6 (18.8) 8 (25.0) 1 (3.1)

Are results reported in detail? 24 (75.0) 7 (21.9) 1 (3.1) 0 (0)

Does the conclusion correspond to the result? 29 (90.6) 2 (6.3) 1 (3.1) 0 (0)

Table 2. General characteristics of cited studies

Study Age (yr) Category No. of subjects Country Database Statistical analysis

Moshiro et al. [27] (2005) All Individual 15,223 Tanzania Adult Morbidity and Mortality Project Poisson regression

Fatovich et al. [29] (2011) All Individual 3,333 Australia Royal Flying Doctor Service and  
Trauma Registries

Weighted logistic regression

Zandy et al. [30] (2019) All Individual 10,445 Canada British Columbia Mortality data Age-standardized mortality rates
Poulos et al. [33] (2009) <15 Individual 2,981 Australia New South Wales hospitals Spatial autocorrelation (Moran I statistic)
Dinh et al. [35] (2016) >16 Individual 11,423 Australia New South Wales Trauma Registry Logistic regression, nonparametric GAM
Wang et al. [36] (2008) 1–14 Individual 65,434 USA California Office of Statewide Health 

Planning and Development Public 
Patient Discharge Database

Logistic regression

Irizarry et al. [37] (2017) <22 Individual 1,610 USA South Florida trauma center Cluster analysis
Jarman et al. [40] (2016) All Individual 8,673,213 USA 2009–2010 Nationwide Emergency 

Department Sample
Multiple logistic regression

Jarman et al. [43] (2019) All Individual 1,108,211 USA CDC WONDER General linear model, Poisson regression
Jarman et al. [44] (2018) >18 Individual 16,082 USA 2015 Maryland Adult Trauma Registry Geographically weighted regression,  

logistic regression
Wandling et al. [45] (2016) All Individual 11,744 USA Illinois State Trauma Registry Geospatial analysis
Bhutiani et al. [49] (2018) All Individual 615 USA University of Louisville Trauma Registry Multiple logistic regression
Ciesla et al. [50] (2012) All Individual 14,653 USA 2009 Florida Agency for Health Care 

Administration database
Geospatial analysis using ArcGIS (Esri)

Lee et al. [51] (2014) >35 Individual 36,242 Korea Statistics Korea (cause-of-death statis-
tics, population and housing census)

Mixture of Poisson regression model

Liu et al. [52] (2012) All Individual 9,714 China Disease Surveillance Point System Chi-square test
Chen et al. [53] (2010) 17–25 Individual 644 Australia New South Wales State records Chi-square test
Brown et al. [16] (2016) All Region (state) 48 States USA CDC Geospatial analysis
Razzaghi et al. [39] (2019) All Region (city) 31 Cities Iran Ministry of Health and Medical  

Education
Multivariate regression

Brown et al. [41] (2019) All Region (state) 50 States USA CDC Geospatial analysis, linear regression
Pu et al. [42] (2020) All Region (prefec-

ture)
161 Prefectures China Disease Surveillance Point System Spatial autocorrelation,  

linear regression
Minei et al. [24] (2010) All Individual and 

region
5,857 (8 States) USA ROC Epistry-Trauma Poisson regression

Young et al. [26] (2008) Adults Individual and 
region

11,576 (9 States) USA Administrative records of a large  
insurance company

Logistic regression

Snyder et al. [28] (2017) <15 Individual and 
region

34,816 (7 Provinces) USA Florida Agency for Health Care  
Administration

Logistic regression

Wolf et al. [31] (2017) <15 Individual and 
region

18,116 (51 States) USA Fatality Analysis Reporting System Multiple Regression

(Continued on the next page)
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or 2 (yes). The two reviewers assessed the 32 studies and com-
pared the results. When disagreements occurred, consensus was 
reached through discussions involving a third author (Table 1).
 QualSyst recommends exclusion of articles that do not meet 
the minimum threshold of 0.55 from a systematic review [23]. 
Some articles did not meet some criteria, but they were also re-
viewed since the total score of each of them was more than 0.99 
(Supplementary Table 1) [16,24–54].

Structure of the study
We found that 27 of the 32 studies (84.4%) [16,24,25,28–31,34, 
35,37–54] were published after 2010, indicating that geographic 
factors influencing major trauma have recently become a priority 
for study. Of the 32 studies, 18 studies [16,24,25,27,29,30,32,39–
43,45,47–50,52] selected study subjects of all ages, eight studies 
[26,34,35,38,44,46,51,53] were adults, one [54] studied people in 
their 50s or older, and five [28,31,33,36,37] studied children and 
adolescents.

Data sources and methods of analysis
Table 2 summarizes the general characteristics of the 32 studies 
[16,24–54]. Of the 32 studies, one [26] used data obtained from 
insurance companies, while all other used representative regional 
and national data; specifically, nine [16,31,34,40–42,46,48,51] 
used national data and one [32] used cross-national data, and 
the remainder [24–30,33,35–39,43–45,47,49,50,52–54] used re-
gional data. Of the 32 articles, there was one systematic review 
[38] and one scoping review [25]. Nineteen studies (63.3%) 
[16,24,26,28,30,31,36,37,40,41,43–50,52] used data from the 
United States, four studies (13.3%) [34,39,42,51] from Asia, three 
studies (10.0%) [29,33,53] from Oceania, three studies (10.0%) 

[32,35,54] from Europe, and one study (3.3%) [27] from Africa.
 The studies were assigned to one of five categories for assess-
ment: 16 [27,29,30,33,35–37,40,43–45,49–53] in individual, four 
[16,39,41,42] in regional, 10 [24,26,28,31,32,34,46–48,54] in in-
dividual and regional, one [38] in systematic review, and one [25] 
in scoping review. The sample population sizes ranged from 614 
to 8,673,213 subjects. Among the 32 articles, 23 [24,26–31,33–
37,40,43–48,50–52,54] analyzed more than 1,000 subjects.
 While some of the 32 studies used more than one data analy-
sis method, the main method in six studies [24,27,34,43,51,54] 
was Poisson regression, 10 [26,28,29,32,35,36,40,44,46,49] used 
logistic regression, three [48,52,53] used chi-square test, and five 
[16,41,42,45,50] used geospatial analytics. The remaining studies 
[25,30,31,33,37–39,47] used other methods such as multivariate 
or multiple regression. 

Geographic factors as independent variables and use of 
dependent variables
To classify the papers, we conducted two rounds of categorization: 
one considering the possibility of multiple category duplication 
and another with the aim of avoiding duplication. To avoid dupli-
cation, three authors discussed and selected the important vari-
ables and classified them into the corresponding categories geo-
graphic factors as independent variables were divided into three 
categories. First, we classified the studies focusing on the connec-
tions between social structures and geographic factors as “socio-
economic.” Second, we categorized the studies focusing on medi-
cal resources as “medical-resource–related.” Finally, we catego-
rized the studies focusing on environments where trauma is likely 
to occur as “environmental.” The results of the analyses showed 
that, with the exception of systematic and scoping review articles, 

Study Age (yr) Category No. of subjects Country Database Statistical analysis

Gomez de Segura Nieva  
et al. [32] (2009)

All Individual and 
region

614 (2 Nations) France, 
Spain

Navarra and Atlantic Pyrenees district 
emergency center database

Multinomial logistic regression

Kim et al. [34] (2011) >18 Individual and 
region

21,868 (229 Cities,
provinces, or districts)

Korea Statistics Korea (cause-of-death  
statistics)

Poisson HGLM

Brown et al. [46] (2016) >15 Individual and 
region

193,629 (Northeast and 
southwest regions)

USA National Trauma Database Logistic regression

Beaulieu et al. [47] (2020) All Individual and 
region

145,252 (4 Cities) Canada National Fire Information Database Simple linear regression

Elkbuli et al. [48] (2020) All Individual and 
region

317,500 (4 Regions) USA National Trauma Database Chi-square test, t-test

Klop et al. [54] (2017) >50 Individual and 
region

82,375 (10 Provinces) UK Clinical Practice Research Datalink Poisson regression

Keeves et al. [25] (2019) All Other 47 Articles - Articles Scoping review
Newnam et al. [38] (2014) >17 Other 96 Articles - Articles Systematic review

GAM, generalized additive models; CDC, Centers for Disease Control and Prevention; WONDER, Wide-ranging Online Data for Epidemiologic Research; HGLM, hierarchical 
generalized linear models.

Table 2. (Continued)
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five studies [30,37,39,44,51] were classified as socioeconomic, six 
[16,36,45,46,48,50] as medical-resource–related, and 19 [24,26–
29,31–35,40–43,47,49,52–54] as environmental (Table 3).
 In another round where we considered the possibility of dupli-
cation (Table 4) [16,24,26–37,39–54], we divided the socioeco-
nomic category into three subcategories: geodemographic, eco-
nomic, and individual. Five studies [24,39,41,47,49] analyzed geo-
demographic factors such as population density; seven [34,39,42, 
43,46,51,53] analyzed economic factors such as gross domestic 
product, resident tax, house income, type of insurance, middle-
class household income, poverty rate, and unemployment rate; 
and 11 [16,30,33,36,37,44,45,49,51,53,54] analyzed individual 
factors such as race, level of education, and per capita income.
 The medical-resource–related category was divided into two 
subcategories: prehospital and in-hospital. Six [24,32,35,44–46] 
addressed prehospital factors such as distance from the site to a 
trauma center, time from scene to medical institution, type of 
transfer vehicle, and the numbers of helicopters and helipads; 
while 12 [16,28,32,35,36,40,43–46,48,50] analyzed in-hospital 
factors such as presence of a trauma center, level of trauma cen-
ter, and number of beds.
 The environmental category was also divided into three sub-
categories: road environment, geospatial factors, and legal fac-
tors. Among the 27 studies, one [39] addressed road characteris-

tics of speed limit, type of road, road conditions, and roadway 
congestion index; 14 [26,27,29,33–35,40–44,52–54] analyzed 
geospatial factors such as urbanization and area of the city, and 
one [31] addressed legal factors such as regulations on seat belts 
and safety seats, red-light and speed-camera policies, speed lim-
its, and laws applicable to driving under the influence.

Outcomes of trauma 
We found that six types of dependent variable (mortality, disabil-
ity, severity, survival and discharge, death and impairment, and 
work disability) were used in the 32 studies included in the analy-
ses. Among the 32 studies, 22 [16,25,28–31,34,35,37,39–45,48, 
49,51–54] identified incidences of death and survival rate as de-

Table 3. Category and details of independent variables of 30 studies

Independent variable category Detail of independent variable Studya)

Socioeconomic Social deprivation, material deprivation, insurance, racial, ethnic, household income,
residential, etc.

5 Studies [30,37,39,44,51]

Medical resource Presence of trauma center, helicopter transport 6 Studies [16,36,45,46,48,50]

Environmental Geographic regions, rural areas, red light camera legislation, population density, etc. 19 Studies [24,26–29,31–35,40–43,47,49,52–54]

a)Two studies were systematic review [38] and scoping review [25].

Table 4. Detail of categorization for independent variables and their use of 30 studies

Variable
Study

[16] [24] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] [54]

Socioeconomic

   Geodemographic ○ ○ ○ ○ ○

   Economic ○ ○ ○ ○ ○ ○ ○

   Individual ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Medical resource

   Prehospital ○ ○ ○ ○ ○ ○

   In-hospital ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Environmental

   Road environment ○

   Geospatial ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

   Legal ○

Excluding systematic review [38] and scoping review [25].

Table 5. Dependent variables and data source used for the 32 studies 

Type of dependent  
   variable 

Data source Detail of dependent variable

Mortality Medical records
Scoping review

Death or survival

Disability Survey Duration of disability

Severity Medical records Injury Severity Score >16

Survival and discharge Medical records Survival and discharge

Death and impairment Medical records
Systematic review

Death and impairment (hospice)

Work disability Administrative records No. of absences
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pendent variables, and the rest used disability rate [27], death 
and impairment rate [28,38,47], severity of trauma [32,36], sur-
vival and discharge rates [24,33,46,50], and work disability rates 
[26]. Dependent variables were identified through medical re-
cords in 28 studies (91%) [16,24,28–37,39–54], through a survey 
in one study (3%) [27], through a large insurance company in 
one study (3%) [26], and the remaining two studies were a sys-
tematic literature review [38] and a scoping review [25].
 More specifically, Wang et al. [36] referred to medical records 
to obtain trauma severity scores. Brown et al. [46] analyzed sur-
vival and discharge rates obtained from medical records. Moshiro 
et al. [27] used duration of impairment as reported through a 
survey. Young et al. [26] identified work disability through insur-
ance records. Finally, Newnam et al. [38] conducted a systematic 
review for analyzing death and impairment. The above findings 
indicate that medical records are being widely used to assess the 
causes of major trauma (Table 5).

Correlations between outcomes of major trauma and 
geographic factors
We investigated the correlations between the outcomes and geo-
graphic factors and divided the subjects into four groups: all ages, 
adults, children, and middle-aged to elderly (Table 6). After ex-
cluding systematic and scoping review articles, the remaining 30 
studies [16,24,26–37,39–54] showed a positive relationship be-
tween the outcomes of major trauma and geographic factors. The 
19 studies [24,26–29,31–35,40–43,47,49,52–54] analyzing envi-
ronmental factors also showed such positive relationships, as did 
five studies [30,37,39,44,51] analyzing socioeconomic factors and 
six studies [16,36,45,46,48,50] assessing medical resource factors.
 Among the studies that examined factors affecting all age groups, 
environmental factors (12 studies [24,25,27,29,32,40–43,47,49, 
52]), socioeconomic factors (two studies [30,39]), and medical re-
sources (four studies [16,45,48,50]) were the main variables identi-
fied. Studies that compared trauma outcomes in rural or urban 
environments showed that rural areas had higher mortality rates 
than urban areas, and studies that compared regional economic 
status found that low-income regions had higher mortality rates 
than high-income regions [29,39,51]. Bhutiani et al. [49] reported 
that traffic fatality rates increased as population density decreased.
 With regard to medical resource factors, the better was acces-
sibility to trauma centers, the lower were the death rates. Both 
death and disability rates are lower if patients can be transferred 
to hospitals with helicopters. 
 Five studies [26,34,35,51,53] focused on geographic factors af-
fecting adult major trauma. Of these, four [26,34,35,53] ad-
dressed environmental factors, while one [51] addressed socio-

economic factors. In the four articles, three [26,34,53] showed 
higher mortality rates in rural area than in urban ones but an op-
posite result in impairment rate, with Dinh et al. [35] reporting 
opposite result regarding death. The articles analyzing socioeco-
nomic factors showed higher incidence rates of trauma in low-
income regions.
 Among the five studies focusing on geographic factors influ-
encing pediatric trauma, three [28,31,33] analyzed environmental 
factors, one [37] analyzed socioeconomic factors, and one [36] 
analyzed medical resource factors. The three articles assessing en-
vironmental factors showed that the risk of pediatric trauma was 
greater in rural areas and mortality was greater in regions where 
safety regulations were not established. One article [54] analyzed 
the outcomes of major geriatric trauma and showed that the fe-
male mortality rate increased in all regions except the capital. 
 Although the findings of the 32 studies [16,24–54] varied de-
pending on factors such as region, accessibility to trauma centers, 
injury severity, and traffic congestion, they generally indicated 
that trauma outcomes differed according to the characteristic of 
the area in which the patients lived. For example, pedestrian fa-
tality rates tended to be lower in high-income areas [49]. Also, 
trauma death rates were greater in low-income areas than other 
areas [44,49]. Additionally, the mortality rates for injuries and 
head trauma were greater in rural areas than in urban areas, and 
prehospital trauma mortality was higher in both urban and rural 
areas than in metropolises [25,41,43].

DISCUSSION

This study used a systematic literature review to retrieve articles 
published in Korea and foreign countries that analyzed the corre-
lations between disability or death in major trauma and geo-
graphical factors. The purpose of this study was to establish and 
strengthen policies on major trauma. 
 In this study, medical resources, including emergency medical 
systems and trauma care, were critical regional factors that need 
to be well-established to ensure timely and effective medical 
care. Having a well-established emergency medical system, as 
well as adequate trauma care facilities and sufficient beds and 
personnel, can significantly impact outcomes of emergency situ-
ations and foster prompt and effective care for patients with se-
vere injuries. Therefore, ensuring adequate medical resources is 
crucial for the well-being of a region’s population. Studies in the 
United States have shown that, after improving the emergency 
medical system, the preventable death rate was reduced [55–57]. 
To that end, it is necessary for people to perceive trauma as a re-
gional or national matter rather than an individual matter. When 
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assigning emergency medical resources, few studies have recom-
mended considering regional characteristics to decrease mortality 
due to major trauma and to establish integrated trauma care sys-
tems from injury to discharge [58,59]. 
 In previous studies, it has been suggested that in order to re-
duce the disparities in mortality rates that are attributed to so-
cioeconomic factors such as gender, race, and region, it is neces-
sary to establish prevention policies and programs tailored to 
high-risk areas and populations at the national and regional lev-
els [30,37,39,52]. Policies based on injury prevention are needed, 
as shown by the effectiveness of policy and enforcement inter-
ventions such as speed limits, traffic lights, speed-camera en-
forcement to reduce injury and mortality rates due to car acci-
dents, and installation of smoke alarms to reduce fire-related in-
cidents [31,33].
 It appears that the impacts of medical resources and environ-
mental factors on trauma outcomes are not attributed to a single 
factor, but rather a complex interplay of multiple factors. In order 
for such strategies to be realized, several factors should be con-
sidered. First, more domestic trauma case studies should be con-
ducted, as there have been too few conducted in Korea to fully 
understand the risk factors for major trauma. Among the 32 
studies [16,24–54] assessed herein, only two [34,51] analyzed 
domestic cases. Second, case studies of impairment should be 
also conducted, as there have been significantly fewer domestic 
studies addressing impairment due to trauma than those ad-
dressing death due to trauma, In addition, rather than using ob-
jective indicators, the domestic case studies employed relatively 
subjective indicators, including surveys, number of work absences 
after accidents, and availability of hospice wards. Finally, articles 
published in other countries have used various geographic vari-
ables such as time of transfer, type of vehicle for transfer, number 
of beds, and variables related to trauma centers. In future studies, 
Korea should consider incorporating similar geographic variables.
 This systematic review has a few limitations. First, we focused 
only on geographic variables and excluded other variables. Sec-
ond, we categorized geographic factors into socioeconomic, envi-
ronmental, and medical-resource–related categories, and articles 
analyzing other topics were not considered. Despite these limita-
tions, this study is meaningful as it presents the trends in trauma 
care, as determined through variables, analytical methods, and 
research outcomes.
 In conclusion, although further research is needed, our study 
showed that geographic factors, including socioeconomic, medi-
cal resource, and environmental factors, such as population den-
sity, region (e.g., metropolis, rural), income levels of the area, and 
presence of trauma centers, appear to influence trauma out-

comes. In order to reduce the incidence of death and disability 
due to trauma, it is important to establish appropriate care plans 
that take into account geographical factors. One approach could 
be to develop regional trauma care systems that address specific 
treatment difficulties in different areas.
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Objective Based on the development of artificial intelligence (AI), an emerging number of meth-
ods have achieved outstanding performances in the diagnosis of acute myocardial infarction 
(AMI) using an electrocardiogram (ECG). However, AI-ECG analysis using a multicenter prospec-
tive design for detecting AMI has yet to be conducted. This prospective multicenter observation-
al study aims to validate an AI-ECG model for detecting AMI in patients visiting the emergency 
department.

Methods Approximately 9,000 adult patients with chest pain and/or equivalent symptoms of 
AMI will be enrolled in 18 emergency medical centers in Korea. The AI-ECG analysis algorithm 
we developed and validated will be used in this study. The primary endpoint is the diagnosis of 
AMI on the day of visiting the emergency center, and the secondary endpoint is a 30-day major 
adverse cardiac event. From March 2022, patient registration has begun at centers approved by 
the institutional review board. 

Discussion This is the first prospective study designed to identify the efficacy of an AI-based 12-
lead ECG analysis algorithm for diagnosing AMI in emergency departments across multiple cen-
ters. This study may provide insights into the utility of deep learning in detecting AMI on elec-
trocardiograms in emergency departments.

Trial registration ClinicalTrials.gov identifier: NCT05435391. Registered on June 28, 2022.
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INTRODUCTION 

Cardiovascular diseases such as acute myocardial infarction (AMI) 
and acute heart attacks are the leading causes of death world-
wide, and it has been confirmed that 31.8% of deaths globally 
are due to cardiovascular disease. As of 2019, 18.6 million people 
worldwide have died from cardiovascular diseases, and by 2030 
approximately 23.5 million people will die [1,2]. AMI has been re-
ported to be the main cause of cardiovascular disease. Early AMI 
diagnosis is critical for reducing the incidence of complications 
and mortality by allowing a rapid reperfusion strategy, thereby 
reducing medical costs [3]. According to the 2020 international 
guidelines, the first important step in the initial treatment of pa-
tients with suspected AMI is to acquire a standard 12-lead elec-
trocardiogram (ECG) test within 10 minutes after arriving at the 
emergency medical center and, if possible, immediately contact a 
specialist [4]. However, with non–ST-segment elevation (NSTE) 
acute coronary syndrome (ACS), ECG readings may be normal in 
approximately 30% of patients, even when immediately analyzed 
by an expert [4]. Expert reading is strongly recommended; how-
ever, depending on the region and medical environment, even if 
an ECG is acquired within 10 minutes of arrival, a cardiologist or 
emergency medicine specialist may be unavailable. Patient over-
crowding is common even in high-level emergency medical cen-
ters. Additionally, owing to the scarcity of available human re-
sources during the COVID-19 epidemic, the readability of ECG 
tests may be poor [5,6].
 With the accelerating transformation of digital health, it is crit-
ical to utilize artificial intelligence (AI) to quickly diagnose a myo-
cardial infarction. Accordingly, AI research is being introduced for 
fast and accurate ECG analysis of patients with chest pain and 
suspected myocardial infarction. We previously developed an AI-
based 6- and 12-lead ECG analysis algorithm for diagnosing myo-
cardial infarction. Based on external validation, the sensitivity, 
specificity, positive predictive value, and negative predictive value 

of this algorithm were 84.4%, 88.5%, 51.8%, and 97.5%, respec-
tively [7]. In addition, the developed AI-ECG analysis algorithm 
showed high predictive power for the severity, mortality, and type 
of myocardial infarction (ST-segment elevation myocardial infarc-
tion [STEMI] and AMI) [7]. However, no studies have employed AI 
algorithms for AI-ECG analysis utilizing a multicenter prospective 
design for diagnosing AMI. Furthermore, the SPIRIT-AI (Standard 
Protocol Items: Recommendations for Interventional Trials–Artifi-
cial Intelligence) and CONSORT-AI (Consolidated Standards of Re-
porting Trials–Artificial Intelligence) guidelines recommend that 
researchers create a transparent and trustworthy model and con-
duct rigorous clinical trials to determine whether clinical efficacy 
exists [8,9]. Accordingly, we planned a prospective multicenter 
cohort study to validate the performance of the AI-ECG analysis 
algorithm for AMI detection.

METHODS 

Ethics statement
This study protocol was reviewed by each institutional review 
board of the 18 emergency medical centers and has since been 
approved by the final committee. Informed consent will be ob-
tained from either the patient or their legal representative. Addi-
tionally, individual IRB approval numbers will be included in the 
final report.

Trial design and setting
This prospective, multicenter, cohort study will be conducted to 
validate the diagnostic performance of an AI-ECG analysis algo-
rithm for AMI among patients visiting the emergency department 
(ED) with acute chest pain or equivalent symptoms. Eighteen EDs 
in Korea, from university-level teaching hospitals, will participate 
in this study. These EDs receive approximately 800,000 patients 
annually and are capable of performing emergency cardiovascu-
lar angiography and percutaneous coronary interventions. 

What is already known
Acute myocardial infarction (AMI) is important disease in emergency medicine, and electrocardiogram (ECG) plays an 
important role to detect AMI. Recently artificial intelligence (AI) has been investigated to detect AMI. However, there is 
no large prospective observational study to confirm the usefulness of AI in AMI.

What is new in the current study
This multicenter prospective observational study would investigate the diagnostic performance of AI-ECG to detect 
AMI. The results might be helpful to see the usefulness of AI-ECG for the diagnosis of AMI.
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Participants 
Inclusion criteria
The study population will include adult patients (>18 years old) 
visiting the ED within 24 hours of the onset of chest discomfort 
or those who are clinically suspected of having an AMI with equiv-
alent symptoms. Patients who arrive at the ED 24 hours after their 
first chest pain, those who experience aggravated chest pain with-
in 24 hours prior to ED arrival, or those who experience recurring 
symptoms within 24 hours after ED arrival will be included.

Exclusion criteria
Upon arrival at the ED, patients with out-of-hospital cardiac ar-
rest (OHCA), those who do not provide consent to participate in 
the study, those with traumatic chest pain or other diagnoses that 
are well-differentiated from myocardial infarction (such as pneu-
mothorax), and those transferred from another hospital with con-
firmed AMI will be excluded. However, patients with a sustained 
return of spontaneous circulation after an OHCA or those trans-
ferred with suspected AMI will be included.

Deep learning model
In this study, an advanced algorithm based on a previously re-
ported AI-ECG model, called AiTiA-MI (Medical AI Co), will be 

used to diagnose AMI [7]. The only input to this algorithm is the 
12-lead ECG, and the output is the probability score of AMI, ex-
pressed from 0 to 100 to the first decimal place. Among the prob-
ability scores, a cutoff threshold of 99% sensitivity and 90% spec-
ificity is designated to classify the risk as low, intermediate, and 
high. The raw ECG data analyzed by the AiTiA-MI algorithm is a 
raw data format saved in general-purpose 12-lead ECG equip-
ment. ECG data will be collected for each patient and analyzed 
separately, so AI-ECG analysis results will not affect the clinical 
decisions made by attending doctors. Raw digital ECG data will 
be used as the input and recorded for 10 seconds at a 500-Hz 
sampling rate. This algorithm judges the level of artifacts in the 
incoming 12-lead ECG and does not derive analysis results for 
participants whose data contains artifacts that can significantly 
affect diagnostic performance. In addition, for missing values, if 
data of more than 1 second are missing for more than one lead, 
the results will be subject to drop out. 

Study protocol
There will not be any restrictions to the enrolled patients in terms 
of treatment because of their participation in this study, and stan-
dard care will be provided at each emergency center based on in-
ternational guidelines (Fig. 1) [3,4]. The patients as well as medi-

Fig. 1. Flowchart of the study. Among the adult patients who visit the 18 emergency departments across the participating centers, for those with chest 
pain or equivalent symptoms, 12-lead electrocardiograms (ECG) and clinical data will be collected. Based on this data, the performance of the artificial 
intelligence (AI)–ECG analysis algorithm (AiTiA-MI, Medical AI Co) for detecting acute myocardial infarction and 30-day major adverse cardiovascular 
events (MACEs) will be tested.

Potentially eligible 
patients

Exclusions 
Not asked to participate

Refuse to participate
Patients enrolled

Acute myocardial 
infarction

Accuracy Accuracy
No myocardial 

infarction
Discharge

Admission and/or 
invasive coronary 

angiography
30-days MACE

Admission and/or 
invasive coronary 

angiography

AI-ECG analysis

Standard of care
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cal staff will be blinded to the results analyzed by the AiTiA-MI 
algorithm. In other words, only the data will be prospectively col-
lected and analyzed. The AI-ECG analysis results do not affect the 
treatment flow of the patients. Standard care refers to the first 
diagnosis of STEMI, as well as the diagnosis and exclusion of non-
STEMI (NSTEMI) and unstable angina based on the 0/1- or 0/3-
hour rule [4]. During the initial evaluation of a patient, it is es-
sential to describe the onset and quality of chest pain and other 
complaints. Physicians will apply a 0-hour (baseline) cardiac bio-
marker and 12-lead ECG as essential tests. The 0-hour cardiac 
biomarkers and 12-lead ECG are mandatory tests for participa-
tion in this study, and if one test is missing, patients will be ex-
cluded from the study. Cardiac biomarkers and 12-lead ECG used 
for subsequent follow-ups are not essential tests. For example, if 
NSTE-ACS is suspected, 1- and 3-hour follow-up biomarkers are 
likely to exist in many cases; however, even if they are not pres-
ent, the patients will not be excluded from the study. When the 
physician in charge reads a standard 12-lead ECG acquired within 
10 minutes of arrival of the patient, a score equal to the possibil-
ity of AMI, from 0 to 10 points (in 1-point units; 0, no chance of 
AMI; 10, 100% chance of AMI), will be assigned and recorded. 
When STEMI is suspected, emergency treatment will be adminis-
tered according to hospital-specific protocols. Even if STEMI is 
not suspected, standard care will be administered according to 
the 0/1- or 0/3-hour rules. Therefore, physicians will repeatedly 
apply 1- or 3-hour cardiac biomarkers and an ECG, as needed. 
The AI-ECG algorithm will analyze the 0-hour ECG conducted af-
ter this process. Meanwhile, 1- or 3-hour follow-up ECGs, con-
ducted based on the order of the physician, will also be used for 
subgroup analysis. 

Data measurements
We will measure and collect the following baseline characteristic 
data at the time of the ED visit: age, sex, weight, body mass index 
(BMI), and height. The following clinical information will be col-
lected: vital signs, Killip classification, risk factors (hypertension, 
diabetes, hyperlipidemia, smoking history, and family history of 
cardiovascular disease), coronary artery disease, MI, percutaneous 
intervention, coronary artery bypass graft surgery, chronic heart 
failure, chronic kidney disease, transient ischemic attack or stroke, 
peripheral artery disease, and COVID-19 vaccination (mRNA type 
and inoculation within 6 weeks before the index visit). Chief com-
plaints and onset time (typical chest pain, atypical chest pain, or 
noncardiac chest pain), clinical risk score (HEART [history, ECG, 
age, risk factors, and troponin level] and GRACE [Global Registry 
of Acute Coronary Events] 2.0), AMI score (range, 0–10) suspect-
ed by the physician, route of ED visit, cardiologist call time, coro-

nary angiography unit departure time from the ED, coronary an-
giography unit arrival time, door-to-balloon time, and intrave-
nous thrombolytic data will also be collected [10–12]. The labo-
ratory findings will be planned and measured as follows: 0-hour 
(initial tests conducted after ED admission) blood test (blood urea 
nitrogen, serum creatinine, hemoglobin, and high-sensitivity [hs]-
troponin I or T), and 1- and 3-hour follow-up (if the follow-up 
was performed before invasive coronary angiography) of hs-tro-
ponin I or T, raw 0-hour ECG data, and 1- and 3-hour follow-up. 
Other test results and clinical information related to the follow-
ing final diagnoses will be collected: initial invasive coronary an-
giography results after the index visit and final diagnosis in the 
ED and at discharge. Chest radiography, coronary computed to-
mography angiography, echocardiography, treadmill test, single-
photon emission computed tomography, positron emission to-
mography, and cardiac magnetic resonance imaging will be per-
formed during a 30-day follow-up period before or after the in-
dex visit. 

Reference standard
There may be gaps in the clinical protocols in the 18 emergency 
centers owing to differences in hospitals and medical staff, which 
may affect the diagnosis of ACS. Therefore, to minimize these 
limitations, a multicenter study will be conducted at a tertiary-
level or certified cardiovascular hospital, where treatment will be 
performed according to the 0/1- or 0/3-hour rule based on inter-
national guidelines [4]. In addition, each center will use hs-tropo-
nin I or T rather than conventional troponin. Tests using point-of-
care equipment will not be accepted as initial cardiac biomarkers. 
In addition, to establish a reference standard, two emergency med-
icine specialists from each center, as independent assessors, will 
perform final labeling for each patient to determine whether STE-
MI, NSTEMI, unstable angina, stable angina, or other differential 
diagnoses exist. The assessors will label a type of myocardial in-
farction. The labeling results of the two specialists will be com-
pared, and in case of discrepancies, a third specialist will review 
the results. This review will be based on the latest guidelines of 
the American Heart Association and European Heart Society’s 
fourth universal definition of MI [13]. 

Coronary artery disease
This includes patients diagnosed with MI, unstable angina, or sta-
ble angina prior to the index visit. 

Chronic kidney disease 
This includes patients with glomerular filtration rate (GFR) <60 
mL/min/1.73 m2 (GFR categories, G3a–G5) or markers of kidney 
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damage. We will review the patient’s history and previous mea-
surements to determine the duration of kidney disease; if the du-
ration is >3 months, chronic kidney disease will be confirmed 
[14]. 

Transient ischemic attack or stroke
We will review the medical history of the patient to determine 
the existence of a previously diagnosed transient ischemic attack 
or cerebrovascular infarction according to the latest evidence [15]. 

Peripheral artery disease
This is a lower extremity peripheral artery disease with athero-
sclerotic obstruction from the aortoiliac segments to the pedal 
arteries [16].

Chronic heart failure
We will review the medical history of the patient to confirm the 
diagnosis of heart failure before the ED visit by performing a re-
view of the electronic medical record (EMR) [17]. 

HEART and GRACE 2.0 scores
The HEART score is used to estimate the risk of major adverse 
cardiac events (MACEs) in patients presenting with chest pain to 
the ED. The GRACE 2.0 score is used to estimate the risk of death 
or MI in patients with ACS [10–12]. 

Outcome variables
The primary outcome is the diagnosis of an AMI during index ad-
mission. AMI includes type 1 and type 2 MIs, as defined in the 
fourth universal definition of myocardial infarction guidelines 
[13]. There may be differences in the 99th percentile upper limit 
of cardiac troponin levels according to the laboratory criteria of 
each participating hospital. In this study, the values will be based 
on the standards of each hospital. The secondary outcome is a 
30-day MACE. MACE is defined as any cause of death, MI, stroke, 
target-vessel revascularization, or stent thrombosis occurring with-
in 30 days of an index visit. Thirty days after the index visit, a tele-
phone follow-up will be conducted and medical records (consul-
tation, work-up, and diagnosis lists) will be checked to determine 
whether MACE have occurred. We will also use mortality data pro-
vided by Statistics Korea (Daejeon, Korea).
 Audits of primary and secondary outcomes will be performed 
by three emergency medicine specialists blinded to the results of 
the AI-ECG analysis. These specialists will make decisions based 
on prospectively collected data according to the study protocol, 
chest pain, angina symptoms, history, and various examination 
records confirmed using the EMR. In case of disagreements, the 

principle of majority rule shall be followed.

Sample size
The sample size was calculated based on a negative predictive 
value of 97.5%, as established previously [7]. The sensitivity, speci-
ficity, α error, β error, and prevalence rate were set as 84%, 88%, 
0.05, 0.10, and 10%, respectively. The prevalence of AMI in adults 
who visit the ED for nontraumatic chest pain differs in the litera-
ture and is reported to range from 4% to 17% [3,18]. The study 
sample size was calculated based on a 10% prevalence rate. How-
ever, based on a dropout rate of 10%, 8,814 participants will be 
ultimately required. This calculation is based on the “bdpv” library 
of R ver. 4.1.0 (R Foundation for Statistical Computing) and a cor-
responding study [19].

Analysis for main outcomes
We will evaluate the performance of the AI-ECG analysis algo-
rithm for the primary and secondary outcome variables. The ac-
curacy metrics include area under the receiver operating charac-
teristic curve, sensitivity, specificity, positive predictive value, and 
negative predictive value, along with 95% confidence intervals. 
We will also demonstrate the performance of the AiTiA-MI algo-
rithm using two thresholds to guide clinical decisions, with prob-
abilities described as continuous variables. The prespecified per-
formance criteria (low-probability group, sensitivity ≥99.0%; 
high-probability group, specificity ≥90.0%) are defined based on 
previous studies [20,21]. Regarding the primary and secondary 
outcomes, the actual performance of the algorithm using these 
thresholds will also be analyzed. 

Other analyses
The scheme of the comparative analysis of the diagnostic perfor-
mance of the algorithm for the primary outcome is as follows: 
AI-ECG analysis versus HEART/GRACE 2.0 score comparison, AI-
ECG analysis versus cardiac biomarker (initial hs-troponin I or T) 
comparison, and AI-ECG analysis versus the subjective AMI score 
provided by the ED physician regarding the initial 12-lead ECG. 
We plan to conduct subgroup analyses according to the following 
items: demographics (age, sex, and BMI), risk factors, past medi-
cal history, onset of chest pain (<3 or ≥3 hours), type of chest 
pain, type of MI (type 1 or type 2), type of ACS (STEMI, NSTEMI, 
unstable angina, NSTE-ACS, or total ACS), involvement of vessel 
territories (if ACS was diagnosed), and type of ECG (left bundle 
branch block, right bundle branch block, left ventricular hypertro-
phy, pacemaker rhythm, or post–return of spontaneous circula-
tion).



443Clin Exp Emerg Med 2023;10(4):438-445

Tae Gun Shin, et al.

DISCUSSION

The significance of this study is as follows. To the best of our knowl-
edge, this is the first study to prospectively validate an AI-based 
12-lead ECG analysis algorithm for AMI diagnosis in an external 
multicenter environment. Myocardial biomarker test levels only 
rise 3 to 6 hours after the onset of AMI and reach the highest lev-
el within 12 to 24 hours [4]. In contrast, changes in the ECG ap-
pear immediately upon the onset of AMI. Therefore, AI-ECG anal-
ysis can be more accurate and faster than myocardial biomarker 
tests in screening for AMI in the hyperacute state, which is the 
golden time for the patient. The present study is expected to pro-
vide a basis for this argument. This study will also partially verify 
whether the diagnostic performance of the AI-based 12-lead ECG 
analysis algorithm for AMI is maintained even in patients with a 
history of MI, valvular heart disease, congenital heart disease, and/
or chronic heart failure. By conducting subgroup analyses, the study 
will identify subgroups where the algorithm shows low diagnostic 
performance in detecting AMI. For example, in the case of blood 
cardiac biomarkers, such as hs-troponin I or T, false-positive con-
founders, such as renal disease and sepsis exist. With reference to 
this, the input data required to upgrade this algorithm in such 
cases will be determined, and insights will be obtained regarding 
whether the algorithm should be modified into a separate version 
rather than upgrading, thus pursuing model diversification. This 
study will trigger further validation and intervention research, 
particularly in multinational and multiethnic settings. 
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A case report of furosemide 
extravasation in the hand: a rare cause 
of compartment syndrome
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In emergency departments, many drugs, fluids, and materials for medical examinations and treat-
ment are typically administered to patients intravenously. One of the most common complica-
tions of the intravenous bolus or infusion of drugs is extravasation injuries. These injuries may 
cause certain morbidities for the patient, increase the cost of treatment, and prolong hospital 
stays. At the same time, these injuries also carry medicolegal risks for health personnel. Furose-
mide is a potent diuretic that is commonly used in emergency departments for volume overload 
conditions. To the best of our knowledge, there have been no cases reported in the literature of 
furosemide-induced extravasation injury with subsequent compartment syndrome that has re-
quired surgical intervention. Presented herein is the case of a 70-year-old female patient who 
was administered intravenous furosemide from the dorsum of the left hand and whose extrava-
sation injury progressed to compartment syndrome requiring an emergency fasciotomy. 
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What is already known
One of the most common complications of the intravenous bolus or infusion 
administration of drugs or fluids is extravasation injuries in emergency depart-
ments. Many drugs, fluids, and materials for medical examinations and treat-
ment may cause these types of injuries and may even result in compartment 
syndrome. Furosemide is a potent diuretic that is commonly used in emergency 
departments under general volume overload conditions. 

What is new in the current study
To the best of our knowledge, this is the first case reported in the literature of 
furosemide-induced extravasation injuries with subsequent compartment syn-
drome that required surgical intervention.
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INTRODUCTION

Intravenous (IV) fluids, drugs, or radiological contrast agent ad-
ministration in emergency departments (EDs) pose a potential 
risk of extravasation injuries. Due to damage to the vascular en-
dothelium for a variety of reasons, fluids or drugs leak into the 
surrounding tissue and may progress from minor sequelae to com-
partment syndrome that could possibly result in amputation and 
organ loss [1-4].
 Furosemide is a drug that we frequently administer through 
the IV route in EDs [5]. To the best of our knowledge, there have 
been no cases reported in the literature that have progressed to 
compartment syndrome after extravasation due to IV furosemide 
administration. Presented herein is a case of a 70-year-old female 
patient who was administered IV furosemide on the dorsum of 
the left hand 3 days prior in another hospital and was diagnosed 
with compartment syndrome at Ankara Training and Research 
Hospital.

CASE REPORT 

A 70-year-old female patient was admitted to the ED with com-
plaints of pain, swelling, and redness in the dorsum of the left 
hand. An IV bolus of furosemide was administered to the patient 
3 days prior in another hospital through vascular access in the 
dorsum of the left hand. In the meantime, the patient exhibited 
swelling and pain in the dorsum of the left hand. The catheter 
was removed, and the patient was subsequently discharged and 
advised to keep her left hand and arm elevated. There was no 
other medication or fluid administered through the same IV line. 
The patient had a history of atrial fibrillation, congestive heart 
failure, and hypertension, and regularly underwent treatment us-
ing metoprolol, furosemide, acetylsalicylic acid, and amlodipine. 
The patient had no history of any other drugs, substances, or his-
tory of smoking and alcohol use. There was no history of trauma 
or human/animal or insect bites on the patient’s left hand. During 
the physical examination, the vital signs of the patient were sta-
ble. There was widespread swelling, redness, ecchymotic areas, 
pallor, coldness, and pain with movement in the left hand and 
wrist, extending to the distal forearm. As stated before, a bullous 
lesion that measured approximately 3×3 cm was observed on 
the dorsum of the left hand (Fig. 1). The nerve examination of the 
patient was normal, but there was limited flexion in the left wrist. 
On the bedside superficial ultrasonography, approximately 3 cm 
of heterogeneous fluid collection was observed in the thickest 
part of the left-hand dorsum in addition to an increase in soft 
tissue thickness. No acute pathology was observed in the left up-

per extremity arterial and venous Doppler ultrasonography of the 
patient. Laboratory results of the patient were within normal lim-
its. The patient underwent a consultation with the plastic surgery 
department and was given a preliminary diagnosis of extravasa-
tion injury/compartment syndrome. Decompression therapy was 
applied to the patient in the ED. Dense heterogeneous fluid was 
aspirated by the plastic surgeon and the patient was admitted to 
the plastic surgery department for a fasciotomy. On the 5th day 
after the surgical procedure, the fasciotomy scar was closed with-
out the need for a skin graft. The patient was discharged 1 week 
afterwards and instructed to return for a polyclinic check-up ex-
amination. Sensory and motor examination was completely nor-
mal upon discharge. 
 Written informed consent was obtained from the patient, but 
the patient did not allow photographs of the hand to be taken or 
shared after the surgical procedure or during discharge. The Insti-
tutional Review Board approval was not required as it was an anon-
ymously submitted case and did not contain any identifying infor-
mation. 

DISCUSSION

Furosemide is frequently used as a potent loop diuretic in EDs for 
the treatment of ascites due to cirrhosis and peripheral, pulmo-
nary, or generalized edema. Its main use in the ED is the optimi-
zation of the volume status of a patient in systolic and diastolic 
heart failure. It can be administered as either an IV bolus or infu-
sion [5]. The preferred way to obtain rapid systemic responses 
from the treatments applied in EDs is through the parenteral 
route. However, IV therapy may also have potentially significant 

Fig. 1. Image shows the left hand of the patient. Global tissue swelling, 
paleness, some ecchymotic areas, and a big bullous lesion in the dorsum 
of the left hand are markedly observed. 
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risks. One of these is extravasation and infiltration damage, which 
occurs when IV-administered drugs or substances escape from 
the venous system and leak into the surrounding tissue, an im-
portant cause of morbidity in hospitalized patients [1,4]. In the 
emergency medicine literature on these injuries, vasopressor 
agents [1,4], high-concentration dextrose solutions [3,6,7], radio-
graphic contrast agents [2,8,9], peripheral parenteral nutrition 
[10], antiarrhythmic and sedative-hypnotics [11,12], and antibiot-
ics [1,4] have been implicated and frequently reported. There 
have not been any adult cases reported in the literature regarding 
extravasation injuries and compartment syndrome associated 
with the use of IV furosemide. One defined case of a patient who 
was under 18 years of age was found, but it was not presented as 
a classic case report with a discussion of its management and 
prognosis [1]. To the best of our knowledge, the case presented 
herein is the first case report in which this association was re-
vealed in the literature.
 Risk factors for extravasation injuries may be related to the 
material used, the patient, the drug or IV fluid, or the clinician. 
Conditions such as using vascular access material that is larger 
than the diameter of the vein or the use of metal needles, im-
proper technique, poorly fixed catheters, or vascular access on or 
near a mobile joint such as the dorsum of the hand, wrist, or el-
bow, increase the likelihood of such injuries [1,4]. Conditions 
such as extreme age, lymphedema, and decompensated blood 
flow are also among the risk factors related to the patient [1,4]. 
The patient herein was also a relatively old and edematous pa-
tient, and the vascular access was on the dorsum of the hand. In 
a meta-analysis that investigated the efficacy of administering 
vasopressors through a larger vascular access (such as central 
venous catheters) to avoid the risk of complications, it was re-
vealed that the infusion of vasopressors through a peripheral IV 
line did not have a significant effect on the direct complication 
rate [13]. In order to prevent extravasation injuries in the ED, it 
may be a rational precaution to administer high-risk agents 
through larger IV lines, but this is a well-known situation with 
an increased risk of infection and is time-consuming for emer-
gency treatment. Again, in a study that investigated the safety of 
the peripheral administration of norepinephrine in terms of the 
risk of extravasation, the risk was determined to be quite low 
[14]. Hyperosmolar solutions, vasoconstrictive agents, cytotoxic 
agents, and substances that are not at physiological pH carry a 
higher risk for extravasation injuries [4]. However, in a study 
where hyperosmolar agents, such as 3% hypertonic saline or 
mannitol, were administered to 192 patients through the periph-
eral IV route, the occurrence of extravasation was not observed 
[15]. The administration of furosemide, despite its relatively low 

osmolarity and nonacidic pH, caused extravasation injury in the 
patient in the current study, which has not been reported in the 
literature to date.
 Nonpharmacological treatment options for extravasation inju-
ries include stopping the infusion, withdrawing the needle or cath-
eter, elevating the affected extremity, applying a warm/cold com-
press to the involved area, and debridement and excision of ne-
crotic tissue [4]. Again, before this stage, surgical flushing with 
normal saline may be attempted for some hyperosmolar agents 
[4]. For the patient in this study, decompression was first applied 
to drain the fluid by a plastic surgeon, and then the patient was 
hospitalized for a fasciotomy. Although extravasation injuries 
rarely cause compartment syndrome, it is possible for compart-
ment syndrome to occur from any such injury, as in this case. Al-
though it is difficult to distinguish the precise cause, whether it is 
the volume status of the fluid or the drug, or the vesicant proper-
ty of the drug (furosemide) or both, no other cases of compart-
ment syndrome caused as the result of IV furosemide specifically 
have been reported in the literature thus far.
 Pharmacological treatment options for extravasation injuries 
include hyaluronidase, phentolamine, terbutaline, topical nitro-
glycerin, and topical hydrocortisone [1,3,6]. In particular, hyaluroni-
dase has been reported to be effective for the extravasation of 
many hyperosmolar agents and is gaining increasing importance in 
emergency medicine literature [3,6]. It exerts its effect mainly 
through the hydrolysis of hyaluronic acid, which is responsible for 
cellular adhesion. By weakening the viscosity of intercellular bind-
ing, it facilitates the passage of extravasated fluid back to the 
vascular bed [3,6]. For the patient in this study, no medication 
was administered and the treatment performed was mainly sur-
gical in nature.
 As a limitation, the patient did not allow for postoperative pho-
tographs of her hand to be taken. For this reason, it was not pos-
sible to share the postoperative recovery photos of the patient. 
We did not have the opportunity to measure the compartment 
pressure of the hand, but we consider the clinical status of the 
patient to be more important than pressure values for the emer-
gency medicine literature.
 Extravasation injuries due to IV fluids or drugs may progress to 
compartment syndrome in EDs. Furosemide has not been reported 
in the literature in this regard to date. It should be kept in mind that 
this agent, which is frequently administered through IV routes in EDs, 
may cause this complication. Compartment syndrome carries many 
health risks for the patient and awareness of its risks is important 
for patient management and potential medicolegal litigation.
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What is already known
Pneumoperitoneum is commonly due to a peptic ulcer, benign intestinal ulcer, 
gastrointestinal tumor, or bowel trauma. These often cause intestinal perfora-
tion leading to pneumoperitoneum.

What is new in the current study
Intestinal barotrauma due to air compressor injury is rare and often leads to 
tension pneumoperitoneum. It occurs due to accidental injury or misuse in in-
dustrial areas.

A 22-year-old male patient with a history of alcohol consumption and no known comorbidities 
presented to the emergency department with a complaint of severe abdominal pain after acci-
dentally sitting over an air vent and experiencing high-pressure air insufflation per rectum. Phys-
ical examination revealed a grossly distended abdomen with diffuse tenderness, rigidity, and ab-
sent bowel sounds. Abdominal radiography and computed tomography showed tension pneumo-
peritoneum (Fig. 1), leading to a diagnosis of colonic high-pressure barotrauma.
 Emergency surgery was performed, revealing mid-transverse colon perforation and multiple 
serosal tears and contusions over the caecum and other parts of the colon (ascending, trans-
verse, descending, and descending sigmoid colon). Primary closure of the perforation and diver-
sion ileostomy were performed, followed by a 10-day stay in the intensive care unit. The patient 
was ultimately discharged with follow-up instructions. This case illustrates the potential dangers 
of air compressor injuries and emphasizes the need for prompt recognition and surgical inter-
vention in cases of high-pressure intestinal barotrauma to prevent serious complications.
 Intestinal barotrauma resulting from compressed air is a rare occurrence that typically arises 
due to accidental or sexual injury in industrial areas. The injury results when a high-pressure air 
jet column penetrates the anal sphincter barrier, leading to intestinal barotrauma upon burst 
pressure. The severity of the injury depends on various factors, such as air pressure, airflow ve-
locity, anal resting pressure, and the distance between the source and the anus [1]. Tension 
pneumoperitoneum differs from simple pneumoperitoneum due to the presence of enormous 
tension in the peritoneal space, which can lead to fatal hemodynamics (inferior vena cava and 



451Clin Exp Emerg Med 2023;10(4):450-452

Sasikumar Mahalingam, et al.

450 © 2023 The Korean Society of Emergency Medicine

Im
ages in Em

ergency M
edicine

splanchnic circulation) and respiratory compromise (elevation of 
the diaphragm) [2]. While injuries can range from mild to moder-
ate (such as cat scratch colon) or severe (such as perforation or 
blowout) [3], injuries above and at the rectosigmoid junction are 
more common, while those distal to the rectosigmoid junction 
are seldom reported.
 Expectant management is appropriate for individuals without 
clinical or radiological signs of peritonitis. In contrast, patients 
with peritonitis symptoms require surgical intervention, such as 
rectal tube decompression, intraoperative bowel decompression, 
resection of severe injuries, and perforation repair with proximal 
diverting colostomy or enterostomy if the bowel integrity is ques-
tionable [4]. In such cases, emergency physicians play a vital role 
in promptly diagnosing the condition, converting a tension pneu-
moperitoneum into an open pneumoperitoneum, and reducing 
the delay in surgical intervention. Death can occur due to com-
plications such as air embolism, fat embolism, respiratory failure, 
acute heart failure, and hyperacute abdominal compartment syn-
drome, highlighting the importance of prompt diagnosis.
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Dear Editor,
Carbon monoxide (CO) poisoning is the leading cause of pediatric poisoning mortality in the Unit-
ed States—most frequently resulting from house fires or unintentional indoor CO exposures—and 
leads to about 5,000 pediatric emergency department visits annually [1–3]. In pregnancy, the 
fetus is particularly susceptible to CO [4]. Fetal hemoglobin has a higher affinity than adult he-
moglobin for both oxygen and carboxyhemoglobin (COHb). Fetal COHb concentration may be 
about 15% higher in the fetus than in the mother [5], but simultaneous measurements in vivo 
are rare. Longo and Hill [6] concluded that to normalize fetal COHb, a pregnant woman would 
need to continue oxygen therapy five times longer than it took for her own COHb to normalize. 
We describe a case of antepartum CO poisoning at term, treated with caesarean section and nor-
mobaric oxygen with measurement of maternal and fetal COHb within 2 hours of one another. 
 A 21-year-old woman (who has been pregnant twice and given birth once) suffered acute un-
intentional CO poisoning at estimated gestational age of 38 weeks and 5 days. She had adequate 
prenatal care, normal prenatal screenings, and a positive Group B Streptococcal culture. Her only 
regular medication was a prenatal vitamin and she reported intermittent cannabis use. She con-
sented to sharing anonymized clinical details for herself and her baby.
 The mother reported a headache that rapidly worsened over an hour soon after a technician 
had been working on pipes and insulation in the attic of the residence earlier that day. She called 
a family member for assistance. Her relative found her confused, nauseated, and lying on the 
kitchen floor about half an hour later and summoned an ambulance. Paramedics recorded syn-
cope, headache, lightheadedness, and nausea. She denied chest pain, dyspnea, contractions, or 
vaginal bleeding. Blood glucose was 97 mg/dL (5.4 mmol/L). In the emergency department, she 
additionally reported paresthesia of lips, hands, and feet. She was sleepy but oriented, tachycardic 
(122 beats/min), and normotensive with room air oxygen saturation of 96%. Arterial blood gases 
after 30 minutes of 100% oxygen (15 L/min by nonrebreather mask) and a total of 90 minutes 
after cessation of CO exposure included COHb of 11.3%, pH of 7.44, pCO2 of 29 mmHg, and pO2 
of 287 mmHg. Her white blood cell count was 10.4 K/mcL, hemoglobin 9.1 g/dL, and bicarbon-
ate 20 mmol/L. Urine drug screen was positive only for cannabinoids. Electrocardiography indi-
cated normal sinus rhythm with sinus arrhythmia. Her cervix was 4 cm dilated and 70% effaced, 
with uterine contractions at 5-minute intervals. Fetal heart tracing was category III, with a rate 
of 130 beats/min, minimal variability, and occasional variable decelerations. Fetal tocometry im-
proved to category II after 60 minutes of 100% fraction of inspired oxygen (FiO2), but concern 
for fetal distress compelled urgent caesarean section. Delivery of the baby boy was uncompli-
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cated, with spontaneous cry, 60 seconds of delayed cord clamp-
ing, Apgar scores of 8 and 9, and a birth weight of 3,460 g. Time 
of birth was 3.5 hours after cessation of CO exposure. He imme-
diately received continuous positive airway pressure at 6 cmH20 
and 100% FiO2. Venous cord blood gases included COHb of 
14.3%, pH of 7.36, pCO2 of 42 mmHg, pO2 of 21 mmHg, and base 
excess of –2. He was transferred to a pediatric hospital with a 
neonatal intensive care unit (NICU), where capillary blood gases 
at 4.5 hours of life showed pH of 7.43, pCO2 of 31 mmHg, pO2 of 
103 mmHg, and base excess of –2.9. COHb had fallen to 0.7% 
and methemoglobin was 0.5%. He transitioned to room air. He 
fed appropriately, and we removed his umbilical venous catheter 
the next day. He went home on the 3rd day of life. The clinical 
course is summarized in Fig. 1. 
 Retrospectively, we estimate a peak COHb of 19% in the moth-
er, but her history and symptoms (tachycardia, confusion, head-
ache, and alteration in consciousness) suggest a COHb concen-
tration in the range of 30% to 50% [4]. Importantly, blood COHb 
concentrations commonly do not correlate with tissue concentra-
tions, initial symptoms, or patient outcomes [7]. Poor fetal out-
comes may occur even despite maternal survival [8–10]. Symp-
toms of CO poisoning in infants and young children may be more 
difficult to detect. A case series of CO poisoning in children aged 
4 days to 19 months surprisingly found a higher mean COHb in 
five asymptomatic patients (24%) than in seven symptomatic pa-
tients (16%) [11].
 Hyperbaric oxygen therapy (HBOT) is safe for pregnant women 
with CO poisoning [12]. Guidelines recommend HBOT for all CO 
poisonings in pregnant women regardless of clinical status or COHb 
concentration [13]. Recommendations for neonatal HBOT are based 

on expert consensus. Liebelt [14] suggested infants younger than 
6 months who present with lethargy, irritability, or poor feeding 
and have a known CO exposure for which an adult receives HBOT, 
should also receive HBOT. The Israeli Naval Medical Institute em-
ploys HBOT for CO-poisoned children of any age with either evi-
dence of myocardial ischemia, COHb greater than 25%, or any 
neurologic symptom [15]. 
 Risks of HBOT in neonates include seizures from central ner-
vous system oxygen toxicity, hypothermia, potential premature 
closure of the ductus arteriosus, transport-related decompensa-
tion, and barotrauma. A chest radiograph should be obtained pri-
or to HBOT to rule out neonatal lobar emphysema or pneumotho-
rax. Myringotomy, sometimes considered for patients too young 
to reliably equalize middle ear pressure via the Eustachian tubes 
or with active middle ear effusions, is usually not necessary if the 
child is able to breastfeed or suck a pacifier during chamber pres-
surization [11]. To prevent distress or regurgitation, infants should 
be burped prior to ascent in the chamber.
 In our case, fetal distress compelled urgent delivery. The inter-
facility transfer decision involved a choice between NICU services 
at a nearer tertiary care pediatric hospital and a more distant com-
munity hospital with HBOT. Difficulty arranging HBOT in our re-
gion, additional transport time, and the location of NICU services 
favored transport to the former. At 4.5 hours of life the infant had 
a normal COHb level and a normal neurologic exam. However, 
HBOT remains the recommended treatment for all pregnant wom-
en poisoned with CO, and future studies should address assess-
ment of CO-poisoned neonates for delayed neurologic sequelae. 
This case supports the belief that fetal COHb is higher than ma-
ternal COHb. 

Fig. 1. Timeline of clinical and laboratory events for the neonate (top) and the mother (bottom). Each tick mark represents 2 hours. COHb, carboxyhemo-
globin; CPAP, continuous positive airway pressure. 
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