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Preface

The Reprint ‘Emergency Medicine: Clinical Advances and Challenges in Diagnosis and

Treatment, 2nd Edition’, presents an updated, consolidated review of current knowledge in the

management of acute and time-sensitive conditions. Its subject spans the full clinical spectrum

of emergency care, integrating advances in diagnostic methods, therapeutic approaches, and

system-level strategies that shape contemporary practice. It aims to provide a coherent overview

of recent progress while addressing the practical and conceptual challenges that emergency clinicians

face every day.

The motivation for assembling this scientific work stems from the increasing complexity

of patient presentations, the rapid expansion of diagnostic technologies, and the need for

effective clinical decision-making under high-pressure conditions. Emergency departments

must continuously adapt to evolving epidemiologic patterns, workforce demands, and resource

limitations. By highlighting new evidence, emerging tools, and innovative models of care, this

Reprint supports the ongoing effort to improve accuracy, efficiency, and patient outcomes in acute

care settings.

The content is intended for physicians, nurses, researchers, and health system leaders engaged

in emergency medicine and related disciplines. It offers clinically relevant insights for frontline

practitioners while also serving as a reference for educators and investigators seeking to understand

current trends and future directions in acute care. Through this collection, readers may gain a broader

perspective on both the advances achieved and the challenges that continue to shape emergency

medicine today.

Ovidiu Alexandru Mederle

Guest Editor
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Editorial

Special Issue: Emergency Medicine: Clinical Advances and
Challenges in Diagnosis and Treatment, 2nd Edition

Carmen Gabriela Williams 1,2, Daian-Ionel Popa 1,2,* and Ovidiu Alexandru Mederle 1

1 Emergency Department, Emergency Clinical Municipal Hospital, Gheorghe Dima Street Number 5,
300079 Timisoara, Romania; williams.carmen@umft.ro (C.G.W.)

2 Doctoral School, Faculty of General Medicine, Victor Babes University of Medicine and Pharmacy,
300041 Timisoara, Romania

* Correspondence: daian-ionel.popa@umft.ro; Tel.: +40-746-912-660

1. Introduction

The development of emergency medicine brings both challenges and opportunities.
With the joint efforts and dedication of healthcare professionals, alongside the integration
of continuously updated medical technologies and concepts, the field is steadily moving
toward historic advancements. Emergency medicine is a dynamic specialty, constantly
evolving to enhance patient outcomes and ensure that safety remains the highest priority
during critical situations.

This Special Issue, “Emergency Medicine: Clinical Advances and Challenges in Diag-
nosis and Treatment, 2nd Edition”, has brought together thirteen high-quality contributions,
including nine original research articles, three reviews, and one case report.

2. An Overview of Published Articles

Marza et al. (Contribution 1) describe a rare and dramatic complication of synchro-
nized cardioversion for unstable supraventricular tachycardia: complete heart block with
recurrent cardiac arrests, ultimately requiring permanent pacemaker implantation. The case
is striking for its detailed chronology, systematic troubleshooting, and eventual success in
repositioning transcutaneous pacing electrodes. Unexpected deterioration remains a reality
in resuscitation practice. Case reports within this Special Issue remind us that even routine
interventions such as synchronized cardioversion may precipitate bradyarrhythmic arrest.
Similar observations have been documented in larger studies, where electrical cardiover-
sion occasionally triggers sinus node dysfunction or conduction disturbances requiring
pacing support [1]. The 2021 European Resuscitation Council Guidelines reaffirm the need
for vigilance in rhythm-specific therapy, rapid recognition of arrest, and preparation for
advanced pacing or pharmacological escalation in case of refractory bradyarrhythmia [2].

Guan et al. (Contribution 2) present a timely and innovative study addressing a
common clinical dilemma: whether residents of residential aged care facilities (RACFs)
who contribute to the emergency department (ED) after a fall can be safely discharged. The
authors developed and internally validated two models, culminating in the simplified four-
variable Discharge Eligibility after Fall in Elderly Residents (DEFER) score. Older adults
represent one of the fastest-growing patient cohorts in the ED. Predicting safe discharge
after a fall, particularly for residents of aged care facilities, is a recurrent challenge—models
such as the DEFER score attempt to balance clinical risk with respect for patient preferences.
Broader evidence confirms that falls are multifactorial, influenced by polypharmacy, frailty,
and cognitive impairment [3]. However, existing screening tools have shown limited

J. Pers. Med. 2025, 15, 493 https://doi.org/10.3390/jpm15100493
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reproducibility in ED settings [4]. International experts argue that emergency care for
older adults must be redesigned to integrate risk stratification, advance care planning, and
system-level adaptations [5].

Hsieh et al. (Contribution 3) contribute significantly and innovatively to infectious
disease emergency care by evaluating and modifying existing scoring systems for patients
with Vibrio bacteremia. The study demonstrates that the Mortality in Emergency Depart-
ment Sepsis (MEDS) score, when modified with simple laboratory markers such as blood
urea nitrogen (BUN) and arterial pH, provides superior predictive accuracy compared with
traditional models. Vibrio vulnificus sepsis, though uncommon, is the most fulminant and
deadly infectious emergency presenting in medicine, with a greater than 50% mortality rate
even when treated appropriately with antibiotics and intensive care support. Therefore,
updating current tools of sepsis risk stratification, applicable more by adding readily avail-
able biochemical parameters, is another move toward making an early clinical decision
better and improving survival outcomes in this high-risk population [6].

Acute chest pain remains a frequent and diagnostically challenging reason for visits
to the emergency department, requiring rapid exclusion of benign causes while promptly
identifying acute coronary syndromes (ACSs). In this setting, the article by Piccioni (Con-
tribution 4) and colleagues provides valuable insights by assessing a multi-marker strategy
that combines high-sensitivity troponin I (hsTnI) with two emerging biomarkers, soluble
ST2 (sST2) and soluble urokinase plasminogen activator receptor (suPAR). Given that acute
chest pain represents one of the most frequent and diagnostically demanding presentations
in the emergency department—requiring clinicians to swiftly discriminate between benign
causes and high-risk entities such as acute coronary syndromes (ACSs)—the work of Eggers
et al. offers compelling evidence that combining high-sensitivity troponin T (hsTnT) with
additional biomarkers like copeptin can significantly improve early diagnostic accuracy
and expedite safe clinical decision-making in suspected ACS patients [7].

Buleu et al. (Contribution 5) offer a valuable and timely contribution to acute stroke
management. By examining the performance of emergency departments in relation to
door-to-needle time across day and night shifts, the authors provide important insights
into operational challenges and opportunities for improvement. Stroke care remains time-
critical. Contributions addressing code-stroke performance, mechanical thrombectomy
via alternative vascular routes, and misdiagnosis risk highlight procedural and diagnostic
personalization. The European Stroke Organisation guidelines emphasize individualization
of thrombolysis and thrombectomy strategies, depending on comorbidities and vascular
anatomy [8,9].

The review article by Moroi et al. (Contribution 6) provides an in-depth and timely
examination of one of the most challenging emergencies in maternal care: venous throm-
boembolism during pregnancy. The authors successfully present a balanced and compre-
hensive overview of epidemiology, risk factors, diagnostic difficulties, and therapeutic
strategies. Thromboembolism of the venous system in pregnancy continues to be one
of the major killers of women worldwide. It poses a unique diagnostic and therapeutic
challenge because, on one hand, there are overlapping physiological changes, and on the
other hand, both mother and fetus need protection. In this regard, Bates et al. have come up
with an authoritative practice synthesis that outlines evidence-based strategies for clinical
assessment, imaging selection, and choice of anticoagulation protocols at different stages of
pregnancy. This emergency and obstetric team will work in a high-risk situation needing
fast decisions based on guidelines [10].

Kim et al. (Contribution 7) provide a comprehensive and timely evaluation of mechan-
ical CPR use in the management of out-of-hospital cardiac arrest, with a particular focus on
the COVID-19 pandemic period. By leveraging a robust, nationwide dataset, the authors
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deliver necessary evidence on survival, neurological outcomes, and return of spontaneous
circulation, while carefully contrasting outcomes between manual and device-assisted
resuscitation. Mechanical cardiopulmonary resuscitation has been purposely brought into
the debate in cases of out-of-hospital cardiac arrest because it is often blamed for poor
neurological outcomes and overall survival, when indeed a valuable contribution, such
as that made by Couper et al. [11], through an analysis of randomized trials together with
observational cohorts comparing device-assisted resuscitation to conventional manual
techniques, proves otherwise. While it may not uniformly improve outcomes when used
routinely, mechanical CPR can offer significant operational advantages during prolonged
resuscitation efforts and transport and in high-risk infectious settings, wherein provider
safety and resource allocation are critical determinants of care quality [11].

The research from Hahnenkamp (Contribution 8) present an exemplary innovation
model in rural emergency care, offering a well-structured evaluation of the RuralRescue
initiative in northeastern Germany. The authors successfully demonstrate how integrating
tele-emergency physician supervision, geolocation-based responder apps, and structured
data-driven triage can significantly improve timeliness and quality. Rural emergency care
continues to suffer from problems of delayed response time, lack of availability of specialists,
and uncoordinated resources. In such a scenario, the studies by Hong et al. and Zakariah
et al. would be most relevant to prove that telemedicine-supported physician oversight
integrated with digitally coordinated first responders significantly improves prehospital
care delivery in underserved regions. Remote supervision combined with geolocation-
based alert systems and structured triage protocols presents measurable improvements
in clinical efficiency as well as patient outcomes and is scalable on different healthcare
infrastructures [12,13].

Iancu’s work (Contribution 9) address a rare but clinically critical topic: mechanical
thrombectomy via the transbrachial approach for acute ischemic stroke in patients with
aortic pathologies. The authors enrich the literature by combining a carefully described
case from their practice with an extensive review of nine published cases, thereby filling
a notable gap in evidence. Other access routes for mechanical thrombectomy are seldom
needed but become very important in patients with prohibitive aortic or peripheral vascular
anatomy; thus, the case series presented by Iancu et al. provides valuable insight by docu-
menting successful transbrachial and transradial approaches when standard transfemoral
access could not be achieved. This is an excellent demonstration that procedural flexibility
is also very much involved, as timely vascular reassessment and fast conversion to upper
extremity access can preserve the chances of recanalization without compromising safety
in these anatomically complex stroke patients [14].

The paper by Hodgson et al. (Contribution 10) pioneers the use of artificial intelligence
and machine learning to optimize emergency department (ED) operations. The authors
present a methodologically rigorous study, training a non-linear ML model on more than
49,000 patient encounters and prospectively implementing a personalized vertical pro-
cessing pathway (VPP) over 13 weeks. Artificial intelligence and machine learning have
become a transformation plan in emergency departments that will improve the precision
of triage and resource allocation, enhancing operations’ overall efficiency. In this context,
Fernandes et al. and Takeda et al. presented solid proof by demonstrating that predictive
models based on data can effectively preempt patient disposition, admission risk, and wait
time dynamics compared to assessments led by clinicians using traditional methods. Their
studies have validated that frameworks for triage based on machine-learning algorithms
improve patient flow as well as minimize the extent of overcrowding, personalized decision
pathways that will suit varying demands in EDs [12,15].
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Savioli’s study (Contribution 11) provides a significant and timely contribution to
the ongoing debate on triage accuracy in emergency departments, focusing specifically
on the geriatric population—one of the most vulnerable and complex groups of patients.
Drawing on more than 420,000 ED admissions over six years, the authors conduct a robust
real-life comparison between four-level and five-level triage systems (4LT and 5LT) and
their impact on under-triage (UT), over-triage (OT), waiting times, and crowding indices. In
this context, the studies by Grossmann et al. and Türkoğlu et al. provide valuable evidence
that standard triage protocols may inadequately capture severity in geriatric patients, with
high misclassification rates observed across four- and five-level systems. Their findings
emphasize that older adults are disproportionately affected by prolonged waiting times and
inappropriate resource allocation, even within structured triage frameworks, underscoring
the need for age-adapted triage modifiers and continuous algorithm refinement [16,17].

Anna Ingielewicz’s work (Contribution 12) offer a thoughtful and comprehensive
exploration of one of emergency medicine’s most fundamental yet elusive challenges:
the pursuit of an ideal triage system. The authors carefully review and compare the
most widely used five-level systems, ATS, CTAS, ESI, and MTS, while contextualizing
their strengths, weaknesses, and practical limitations in real-world emergency department
(ED) settings. An ideal triage system is the most elusive and hotly contested quality
improvement that one can undertake in emergency medicine since even today’s five-
level tools cannot escape challenges regarding their accuracy, validity, or consistency
among different patient populations. It is within this context that the works of Farrohknia
et al. and Zachariasse et al. are placed since they present a veritable accounting of the
major triage frameworks—ATS, CTAS, ESI, and MTS—not only based on validity and
reproducibility but also specific performances in high-risk subgroups such as pediatric and
geriatric patients. Indeed, disparities continue to exist even when fully robust systems are
implemented, especially at intermediate urgency categories where continuous refinement
and contextualization, added by complementary risk modifiers, are justified [18,19].

Recognition of prehospital stroke has continued to bedevil even the most advanced
emergency systems, as recent evidence corroborated by findings reported by Jalali et al.
(Contribution 13) attests. There is still a diagnostic gap in the field. Contemporary studies
sustain that even when structured tools—FAST or Cincinnati scale—are included, the
paramedics misclassify up to one-third of the cases regarding the same patient complaining
about suspected stroke, posterior circulation events, presentations with isolated dizziness,
confusion, and atypical symptoms [20,21].

In conclusion, the articles presented in this Special Issue encompass a diverse array of
subjects. We extend our sincere appreciation to the authors for their significant contribu-
tions. Their dedicated efforts have demonstrated their commitment to research endeavors.
The insights and understanding they have contributed have a remarkable capacity to shape
the direction of emergency medicine, advancing the notion of personalized healthcare. We
encourage readers to delve into the articles and recognize the transformative effects of
innovative interventions as they seek to enhance the standard of patient care.

Author Contributions: Conceptualization, O.A.M. and C.G.W.; methodology, D.-I.P. and C.G.W.;
software, O.A.M.; validation, O.A.M., C.G.W. and D.-I.P.; formal analysis, O.A.M.; investigation,
C.G.W.; resources, D.-I.P.; data curation, O.A.M.; writing—original draft preparation, O.A.M., C.G.W.
and D.-I.P.; writing—review and editing, C.G.W. and D.-I.P.; visualization, O.A.M.; supervision,
O.A.M. All authors have read and agreed to the published version of the manuscript.
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Abstract: Synchronous electrical cardioversion is a relatively common procedure in the emergency
department (ED), often performed for unstable supraventricular tachycardia (SVT) or unstable
ventricular tachycardia (VT). However, it is also used for stable cases resistant to drug therapy, which
carries a risk of deterioration. In addition to the inherent risks linked with procedural sedation, there
is a possibility of malignant arrhythmias or bradycardia, which could potentially result in cardiac
arrest following this procedure. Here, we present a case of complete heart block unresponsive to
transcutaneous pacing and positive inotropic and chronotropic drugs for 90 min, resulting in multiple
cardiac arrests. The repositioning of the transcutaneous cardio-stimulation electrodes, one of them
placed in the left latero-sternal position and the other at the level of the apex, led to immediate
stabilization of the patient. The extubation of the patient was performed the following day, with full
recovery and discharge within 7 days after the insertion of a permanent pacemaker.

Keywords: supraventricular tachycardia; cardioversion; unstable patient; complete heart block;
ineffective pacing; cardiac arrest; advanced life support

1. Introduction

Patients with symptomatic supraventricular arrhythmias commonly present in the
emergency department (ED), necessitating urgent management. Sporadically, complica-
tions may arise, but there is a lack of comprehensive literature regarding post-cardioversion
events for supraventricular tachycardia (SVT).

Traditionally, SVT encompasses all tachycardias except for ventricular tachycardias
(VTs) and atrial fibrillation (AF), with atrial rates exceeding 100 beats per minute at rest [1].
Narrow QRS tachycardia is defined as a QRS duration of 120 ms or less, while sometimes,
they may display a widened QRS complex exceeding 120 ms due to pre-existing conduction
delays either related to heart rate or to bundle branch blocks [1–3].

In the general population, the prevalence of SVT is 2.25 per 1000 individuals, with an
incidence of 35 per 100,000 person-years [1]; evidence from the United States indicates that
they contribute to approximately 50,000 ED visits each year [4]. However, epidemiological
studies on SVT populations are limited. Women face twice the risk of developing SVT
compared to men, while individuals aged 65 years or older have over five times the risk
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compared to their younger counterparts [1]. Additionally, SVT is also frequent in patients
with congenital heart disease [5].

The clinical presentations of SVT vary extensively, spanning from mild symptoms like
palpitations and breathing disturbances to severe symptoms associated with hemodynamic
instability and cardiogenic shock, which pose a risk to the patient’s life [6,7]. The assess-
ment and management of all arrhythmias consider both the patient’s condition and the
characteristics of the arrhythmia. The goal is to prevent cardiac arrest.

Therefore, the initial approach in the ABCDE assessment involves identifying the
patient’s adverse features, such as shock, syncope, acute heart failure, and myocardial
ischemia. Additionally, it is essential to consistently monitor the heart rhythm and blood
pressure and administer oxygen if SpO2 falls below 94%. Identifying and addressing
reversible causes, such as electrolyte imbalances or hypovolemia, should be conducted
in accordance with the 2021 European Resuscitation Council (ERC) Guidelines [8]. If
these signs are absent in a patient with regular tachycardia, vagal maneuvers will be
performed [9], with the inverted Valsalva maneuver demonstrated to be more efficient
in adults [1]. In the ED, the standard protocol includes conducting a thorough history,
physical examination, and a 12-lead ECG, supplemented by usual laboratory tests such
as full blood counts, biochemistry profile, and thyroid function assessment. If feasible,
transthoracic echocardiography should also be conducted.

If vagal maneuvers fail to resolve the issue, the initial drug of choice is adenosine
(6–12–18 mg) [1,8]. A recently published study by Xiao et al. compared the efficiency of Val-
salva maneuvers, adenosine, and their combination, but the results were inconclusive [10].
If adenosine proves ineffective, intravenous verapamil, diltiazem, or beta-blockers are the
subsequent treatment options for narrow complex SVT, while intravenous procainamide
or amiodarone are recommended for wide complex SVT. Given that atrioventricular node
blockers are contraindicated for patients with pre-excited atrial fibrillation [11], the differ-
ential diagnosis should be meticulously performed before their administration. If these
treatments are ineffective, synchronized cardioversion of up to three attempts is advised
to terminate the tachycardia. Having a stable patient provides the advantage of granting
the emergency physician the opportunity to seek expert advice for both the differential
diagnosis of SVT and its treatment if initial measures prove unsuccessful.

For unstable patients exhibiting life-threatening features, synchronized cardioversion
under sedation is the treatment of choice [12]. If unsuccessful, administering intravenous
amiodarone at a dose of 300 mg over 10–20 min or intravenous procainamide at a dose of
10–15 mg/kg over 20 min is recommended, followed by repeating synchronized shocks, if
necessary [1,8].

Here, we describe a case of a patient requiring electrical cardioversion for SVT. Fol-
lowing the synchronized shock, the patient experienced severe bradycardia, subsequently
progressing to complete heart block unresponsive to medication and pacing, culminating
in cardiorespiratory arrest.

2. Case Presentation

A 53-year-old male patient, a known smoker with no other comorbidities except for
a right bundle branch block (RBBB), arrived at the ED via a physician-staffed ambulance.
The patient presented with main complaints of palpitations and fatigue that started approx-
imately 8 h before arrival, along with diaphoresis and dyspnea exacerbated by minimal
efforts, particularly in the last hour.

Before reaching the hospital, a 12-lead ECG (Figure 1) and vital signs monitoring
were conducted, revealing SVT with RBBB, a heart rate of 174 BPM, SpO2 at 98%, and
blood pressure of 130/80 mmHg. Deeming the patient’s condition stable, the emergency
physician attempted vagal maneuvers, which had no effect on the heart rate. Adenosine
was administered in three doses (6 mg, 12 mg, 18 mg), also with no impact on the patient’s
condition. After a 30 min period during which 10 mg of metoprolol was slowly intra-
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venously administered without success, the decision was made to transfer the patient to
the ED.

Figure 1. A 12 lead-ECG from the ambulance: regular rhythm tachycardia (heart rate 174 BPM) and
wide QRS complexes of 0.14 s, with rSR’ pattern in V1 and V2; findings indicative of supraventricular
tachycardia (SVT) with right bundle branch block (RBBB).

Upon arrival at the ED, the patient appeared conscious and cooperative, but he was
pale, diaphoretic, and exhibited dyspnea at rest. Vital signs indicated a peripheral oxygen
saturation of 93%, blood pressure at 90/60 mmHg, a heart rate of 174 BPM, a capillary refill
time of 3 s, and a barely detectable radial pulse. The ECG showed SVT with RBBB, as seen
in Figure 2.

The patient was administered supplemental oxygen at a rate of 3 L/min; blood work-
up and arterial blood gas analysis were conducted (Table 1). After approximately 30 min,
it was decided that synchronous cardioversion with 70 joules was the optimal course of
action. The patient provided consent for the procedure and was sedated beforehand.
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Figure 2. First 12-lead ECG (recorded at 25 mm/s, and a voltage of 10 mm/mV) from ED—regular
rhythm tachycardia (heart rate 174 BPM), QRS duration of 0.14 s, rSR’ pattern in V1 and V2 (arrows),
absent P waves, negative T waves in V1 and V2; findings suggestive for SVT with RBBB.

Table 1. Pathological values of the laboratory tests performed upon arrival in the ED.

Laboratory Test Value Reference Range Value Conventional Units

Blood glucose 146 74–106 mg/dL
Creatinine 1.52 0.70–1.30 mg/dL
D-dimer 1.89 <0.68 mg/L
Lactate 2.52 0.36–0.75 mmol/L

NT-pro-BNP 10,217 <125 pg/mL
Troponin I 58.2 17–50 ng/L

White blood cells 11.1 4.0–10.0 ×109/μL
Abbreviations: NT-pro-BNP, N-terminal pro-B-type natriuretic peptide.

Following the initial synchronous shock, the patient experienced severe bradycardia
(Figure 3) for a few seconds, transitioning into asystole. Immediate resuscitation measures,
including chest compressions and bag-mask ventilation, were initiated. After about 30 s,
the patient exhibited spontaneous breathing and movement of limbs, opened his eyes, and
responded to verbal stimuli.

Figure 3. The defibrillator’s rhythm recording during the electrical cardioversion shows irregular
bradycardia after the synchronous shock for SVT.
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A repeated ECG recording revealed a third-degree AV block (Figure 4), with a heart
rate of 23 BPM, and the patient was hemodynamically unstable. Intravenous Atropine
0.5 mg was administered, followed by additional doses every 2 min, up to a maximum
of 3 mg. Simultaneously, Adrenaline was administered via a syringe infusion pump with
2 mcg/min, with no improvement in the patient’s condition. Transcutaneous pacing
was initiated with a frequency set to “Demand” at 70 BPM, 80 mA intensity. Although
the monitor indicated efficient capture, the femoral pulse was not concordant. Pacing
parameters were adjusted to 70 BPM with an increase in intensity up to 160 mA and
even 200 mA for short periods of time, yet the myocardium remained unresponsive to
external pacing.

Figure 4. A 12-lead ECG (recorded at 25 mm/s, and a voltage of 10 mm/mV) after ROSC shows
atrio-ventricular dissociation, with a ventricular heart rate of 27 BPM and QRS duration of 0.17 s,
regular P waves (arrows), variable PR interval, right axis deviation, negative T waves in DII, DIII,
aVF, V4–V6 and ST depression in the V3–V5 leads. The findings are consistent with a complete heart
block and myocardial ischemia in the infero-lateral territory.

Despite efforts to improve hemodynamic stability, the transcutaneous pacing remained
ineffective (Figure 5). The patient’s thorax was shaved to enhance transcutaneous conduc-
tion, and the initial electrode position (right subclavian/cardiac apex) was changed to an
antero-posterior and, later, to a latero-lateral position. The Adrenaline dose was increased
from 2 mcg/min to 20 mcg/min. Additionally, alternative medications, including Amino-
phylline 24 mg over 10 min and Dopamine via a syringe infusion pump at 10 mcg/kg/min,
were administered.

Throughout the patient’s stay in the ED, he experienced cardiopulmonary arrest at
least 10 times, manifesting as either asystole or pulseless electrical activity. Each time, the
patient responded positively to external thoracic compressions, mechanical ventilation,
and Adrenaline administration, achieving a return of spontaneous circulation in less than 2
min.

The on-call physician at the regional Institute for Cardiovascular Diseases was con-
tacted and agreed to admit the patient once his condition was stable for transport. Despite
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exhausting all available treatment options in the ED (which lacked equipment for transve-
nous pacing), the patient continued to experience severe hypotension between cardiopul-
monary arrest episodes due to the unresponsiveness to transthoracic cardio-stimulation.
Considering the inefficacy of pacing, attributable to the patient’s thoracic anatomy with a
large anterior-to-posterior diameter, a decision was made to reposition the transthoracic
pacing leads to subclavicular left (latero-sternal) and cardiac apex (replacing ECG lead V6)
positions (Figure 6). Upon reassessment, the change in lead position resulted in successful
pacing capture, confirmed by femoral artery pulse and an increase in blood pressure values.

Figure 5. Transcutaneous pacing with ineffective capture and inconsistent femoral pulse. Pacing
settings: mode—demand, frequency—70 BPM, intensity—160 mA.

Figure 6. Placement of both transcutaneous stimulation electrodes on the left hemithorax: subclavicu-
lar left (latero-sternal) and cardiac apex (replacing ECG lead V6) positions.

Approximately 90 min after the initial cardioversion attempt, the patient’s stability
allowed for transportation to the regional Institute for Cardiovascular Diseases for transve-
nous pacing. The final evaluation indicated a blood pressure of 115/50 mmHg, heart rate
of 70 BPM, consistent femoral pulse, GCS of 3 with the patient mechanically ventilated
under continuous sedative medication and receiving inotropic and vasopressor medica-
tion (Adrenaline and Dopamine). Emergency transthoracic echocardiography showed a
left ventricle of normal size with preserved systolic function, an ejection fraction of 50%,
medio-basal hypokinesia of the lateral wall, concentric left ventricular hypertrophy, grade
II mitral and tricuspid regurgitation, medium secondary pulmonary hypertension, dilated
right ventricle, and a posterior pericardial fluid blade measuring below 1 cm.

Upon arrival at the regional Institute for Cardiovascular Diseases, the patient’s con-
dition improved with the placement of the transvenous pacing probe, later replaced with
a permanent pacemaker implant. The following day, the patient was extubated, demon-
strating complete hemodynamic and neurologic recovery, and was discharged from the
hospital a week later.

3. Discussion

Synchronized cardioversion, a potentially life-saving procedure, is commonly utilized
in the emergency department for hemodynamically unstable tachyarrhythmias. Emergency
physicians should possess a thorough understanding of the indications and potential
complications before recommending or performing this intervention. The effectiveness of
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frequently utilized anti-arrhythmic drugs is restricted in these situations, primarily due to
concerns over side effects and their potential to induce arrhythmias, thereby limiting their
usage [13].

When selecting the appropriate method for cardioversion, it is important to follow
the current guidelines and carefully weigh the potential benefits and risks associated with
each intervention. Sometimes, the patient is at the threshold of receiving either electrical or
drug cardioversion and requires a prompt decision to distinguish between the two, given
that both interventions carry inherent risks. Ventricular fibrillation (VF) as a complication
of electrical cardioversion was documented in numerous studies, particularly when car-
dioversion takes place during the vulnerable period of repolarization, typically around the
peak of the T wave on the ECG [14,15]. In 2004, Lyndon and Abdul described such a case,
highlighting the significance of adjusting the lead configuration on the defibrillator monitor
to prevent mistaking the high T wave for the R wave, thereby averting the induction
of VF during the administration of synchronous external electric shock [15]. Kaufmann
et al. described two cases of iatrogenic ventricular fibrillation after the cardioversion of
pre-excited atrial fibrillation due to inadvertent T-wave synchronization [16].

In this scenario, the patient was presented with recent-onset palpitations lasting
several hours, and appropriate drug therapy had already been administered in prehospital
settings. Given the unavailability of intravenous verapamil or diltiazem in the region,
the only remaining option for terminating the tachycardia was electrical cardioversion.
Considering the patient’s known history of right bundle branch block, the tachycardia was
managed as SVT. Chronologically, the decision to proceed with electrical cardioversion
was made over an hour after the last bolus of metoprolol, during which time no significant
reduction in heart rate was observed.

Severe bradycardia, immediately followed by complete heart block and subsequent
cardiac arrest with pulseless electrical activity, was an unexpected and rarely reported
complication of synchronized cardioversion. Similar outcomes were described by Gallagher
et al., who conducted a retrospective cohort study examining the relationship between
shock energy and arrhythmic complications of electrical cardioversion. Sinus bradycardia
or a slow junctional escape rhythm was observed in 22 cases, with 20 resolving within
minutes after cardioversion. While two patients required permanent pacing before hospital
discharge, neither needed rate support while awaiting pacemaker implantation. None of
these patients experienced cardiac arrest. They also found that the incidence of ventricular
fibrillation (VF) following shocks of <200 J was significantly higher compared to higher
energy shocks (5 out of 2959 vs. 0 out of 3439 shocks, p = 0.021). Additionally, non-
sustained broad complex tachycardia occurred in four cases, all lasting less than 10 s: two
after shocks > 200 J and two after shocks less than 200 J. The induction of atrial fibrillation
(AF) was significantly more common with shocks of <200 J (20 out of 930 shocks vs. 1 out
of 313 shocks at ≥200 J, p = 0.015) [17].

The success of cardioversion relies on several factors, with time being the most crucial.
In this case, the patient experienced symptoms for several hours, and the initial EKG
recording, which revealed SVT with a heart rate of 174, was conducted more than three
hours prior to arriving at the ED. Nevertheless, the patient initially declined to come to the
hospital. The prolonged duration of the tachyarrhythmia could potentially lead to both
post-repolarization and conduction delays due to global ischemia, as described in other
studies, which reported VF as a complication following cardioversion for AF [18,19].

Furthermore, a proposed theory regarding the mechanism of complete heart block
in this patient was the administration of intravenous metoprolol before cardioversion,
given that beta blockers are known as drugs with sinoatrial and/or atrioventricular nodal-
blocking properties [20]. In a retrospective and prospective study conducted by Osmonov
et al. involving 108 patients treated with atrioventricular blockers and presenting symp-
tomatic type II second- or third-degree AV block, 2:1 AV block, atrial fibrillation, and brad-
yarrhythmia, it was found that 36 patients treated with metoprolol experienced metoprolol-
induced AV blocks that persisted or recurred in 24 patients [21].
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However, the maximum therapeutic dose of 15 mg (recommended by ESC guidelines,
American College of Cardiology/American Heart Association Task Force on Clinical Prac-
tice Guidelines, and the Heart Rhythm Society for stable SVT) [1,20] was not achieved in
this case; only 10 mg was administered intravenously in 2.5 mg boluses, with no discernible
effect on heart rate following the last bolus. This hypothesis was considered due to the
lack of effectiveness of the transcutaneous pacing, assuming the patient had a stronger
response to beta-blockers. Unfortunately, glucagon, the antidote for beta-blocker overdose,
was unavailable at the time in any of the hospitals in the area, preventing the assessment of
this hypothesis.

Also, myocardial ischemia or metabolic disturbances such as acidosis and hypoxia
were described as factors that can elevate the pacing threshold and potentially prevent
capture [22]. The patient experienced both metabolic acidosis and severe hypoxemia in
the period following cardioversion, conditions that were rectified only after successful
cardiac pacing.

Successful capture is typically identified by a widened QRS complex, succeeded by
a clear ST segment and broad T wave. A pulse rate manually confirmed in the femoral
artery or right carotid artery notably lower than the pacing rate displayed on the pacing
unit monitor may suggest a lack of capture [22].

In this case, achieving efficient capture required placing the electrodes closer together.
While we cannot definitively assert that this positional change was the sole factor stabilizing
the patient, given the limited application to only one patient, it proved to be the sole
measure in a unique and critical situation that yielded an immediate positive effect, leading
to a sudden improvement in the patient’s condition. Consequently, we cannot consistently
advocate or recommend this procedure in routine practice. However, in similar situations
where other well-known methods prove ineffective and the patient’s condition continuously
deteriorates, as exemplified in this case report, it may be considered a life-saving measure.

4. Conclusions

Cardiac arrest and complete heart block are uncommon complications following
electrical cardioversion. Given the infrequency of capture failure cases with transcutaneous
pacing, addressing each isolated case can provide significant benefits to both the ED and
prehospital staff, particularly in the management of atypical situations.
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Abstract: Introduction: Cardiopulmonary resuscitation with mechanical devices (MCPR) was devel-
oped to provide high-quality cardiopulmonary resuscitation (CPR) for patients with cardiac arrest.
However, the effect of this procedure on treatment outcomes remains controversial. Nevertheless,
during the coronavirus disease-19 (COVID-19) pandemic, in-hospital MCPR gained attention, owing
to its advantages such as saving medical staff and preventing infection. This study compared the
treatment outcomes of in-hospital MCPR and manual CPR for out-of-hospital cardiac arrest (OHCA)
patients during the COVID-19 pandemic. Materials and Methods: This retrospective nationwide
population-based study was conducted in South Korea. Data were collected from the Out-of-Hospital
Cardiac Arrest surveillance database managed by the Korea Disease Control and Prevention Agency.
We included adult OHCA patients transported by emergency medical services from 2016 to 2021.
The study compared outcomes during the COVID-19 pandemic years (2020–2021) with the preceding
non-pandemic years (2018–2019). The primary outcome was survival to hospital discharge, and the
secondary outcomes were good neurological outcome and sustained return of spontaneous circula-
tion (ROSC). Results: The entire study included 72,050 patients with OHCA and, in the multivariable
analyses, MCPR was associated with lower survival rates compared to manual CPR (AOR 0.63; 95%
CI 0.51–0.77; p < 0.001). Interestingly, during the COVID-19 pandemic, while MCPR use increased,
the survival rate did not differ significantly between the MCPR and manual-CPR groups. Conclusion:
Our study findings suggest that while MCPR may offer potential benefits, such as decreased infection
risk for healthcare workers, it did not demonstrate superior outcomes compared to manual CPR in
our study population.

Keywords: cardiopulmonary resuscitation; cardiac arrest; mechanical device; mechanical CPR;
COVID-19

1. Introduction

Sudden cardiac arrests remain an important public health concern [1]. Cardiopul-
monary resuscitation (CPR) is a critical intervention for enhancing the survival of patients
experiencing cardiac arrest [2]. Therefore, there have been continuous efforts to determine
the proper chest-compression depth and rate to provide effective and high-quality CPR [3].
When CPR is performed with human-powered chest compressions (manual CPR), the
quality of the chest compressions decreases over time, as the rescuer becomes fatigued [4,5].
In response, various mechanical CPR devices have been developed and used to provide
automatic chest compressions [6,7]. However, in previous studies, the notion of whether
these devices improve treatment outcomes in patients with cardiac arrest has been contro-
versial [8,9]. Mechanical chest-compression devices provide external chest compressions
in place of a human rescuer. In general, mechanical CPR devices can be divided into two
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categories. based on the mechanism by which they deliver chest compressions [10]. One is
to press the thoracic cavity widely by a load-distributing band like AutoPulseTM (Revivant,
Sunnyvale, CA, USA), and the other is to point and directly press the sternum by a piston
device like LUCASTM (LUCAS, Redmond, WA, USA) and ThumperTM (Michigan Instru-
ments, Grand Rapids, MI, USA) [10]. Some animal studies have shown that mechanical
chest compression can increase coronary perfusion pressure and myocardial blood flow,
improving neurologically intact survival [11]. In a manikin study, MCPR resulted in better
compliance with CPR guidelines compared to manual CPR. This was especially true during
patient transport [12]. As such, while CPR with a mechanical device (MCPR) offers benefits
such as supplementing the lacking manpower and ensuring constant chest compressions
during CPR, evidence to date has not demonstrated its superiority over manual CPR [10].
Even the most recent CPR guidelines do not routinely recommend MCPR [13,14]. Conse-
quently, MCPR is employed as a supplementary intervention, rather than as an alternative
to manual CPR [13,14].

MCPR has disadvantages, such as mechanical trauma caused by the device and in-
creased chest-compression hands-off time, due to device installation [15–17]. The pandemic
has particularly highlighted the potential advantages of MCPR, including minimizing
rescuer exposure to the virus and compensating for manpower shortages during peak
periods of medical crisis. In particular, the need for MCPR has been highlighted during
disasters such as the Coronavirus disease 2019 (COVID-19) pandemic [18,19]. Despite the
risk of rescuers becoming infected with COVID-19 from the transmission generated during
CPR, there are no immediate tests for COVID-19 in patients with out-of-hospital cardiac
arrest (OHCA). The American Heart Association issued interim guidelines on resuscitation,
suggesting that MCPR should be considered to reduce the number of rescuers [20].

This study endeavors to bridge this gap by leveraging recent nationwide data from
South Korea to assess the impact of MCPR on the outcomes of patients experiencing
OHCA. Particularly, it focuses on the COVID-19 pandemic period, during which the use of
prehospital MCPR significantly increased to prevent infections and address understaffing
issues, a trend that is likely to have extended to in-hospital MCPR, as well [19,21,22]. By
comparing the survival rates to hospital discharge between patients treated with manual
CPR and those receiving MCPR, and conducting an analysis to elucidate the pandemic’s
effect, this research aims to provide a timely and critical evaluation of MCPR’s utility in
contemporary emergency medicine. There have been previous studies that analyzed past
data, but in this study, the analysis was carried out with updated information [23].

Our investigation aims to systematically assess the prognostic significance of MCPR
during the COVID-19 pandemic, utilizing a comprehensive, nationwide dataset from South
Korea. The main goal of our study is to evaluate the impact of MCPR on treatment outcomes
for patients experiencing OHCA during the pandemic period. Additionally, we aim to
shed light on the evolving emergency care practices during health crises, and offer critical
insights into optimal CPR strategies. These insights are intended to support healthcare
professionals in making well-informed decisions to improve patient care outcomes now
and in the future. Furthermore, this study aims to establish a foundational basis for
future guidelines on managing OHCA patients, especially in scenarios involving new
infectious-disease outbreaks.

2. Materials and Methods

2.1. Study Design

This retrospective nationwide population-based observational study evaluated the
characteristics of patients with OHCA and the prognostic factors associated with survival-
to-hospital-discharge, good neurological outcomes, and the return of spontaneous circula-
tion (ROSC) from January 2016 to December 2021, using the Out-of-Hospital Cardiac Arrest
Surveillance (OHCAS) database (managed by the Korea Disease Control and Prevention
Agency (KDCA)). The database includes all patients with acute OHCA transferred to
medical institutions via the EMS (approximately 30,000 patients per year).
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In South Korea, public EMSs are managed by the government (National Fire Agency,
comprising 19 fire station headquarters), and are provided 24 h a day, 365 days a year [24].
Before visiting the hospital, the paramedics used an automated external defibrillator (AED)
to perform CPR. CPR can be stopped, or advanced airway methods can be used, under
the supervision of a doctor. However, advanced cardiac life-support drugs cannot be used.
After the arrival of victims, each hospital has a policy for administering resuscitation treat-
ments during hospitalization and after ROSC. The EMS data register and hospital medical
records were used to obtain patient information from the OHCAS database. Medical-
record investigators from the KCDA visited the medical facilities to review the patients’
medical records and to verify several items, in accordance with the Utstein-style [25] and
Resuscitation Outcomes Consortium Project [26].

2.2. Participants

This study included all adult patients with OHCA transported via the EMSs who
were older than 18 years between January 2016 and December 2021. The intervention
group comprised patients who underwent MCPR in the emergency department using
various devices. The control group included patients who underwent manual CPR. We
excluded patients younger than 18 years-old, cases with non-medical causes such as
drowning, trauma, poisoning, or hanging, and cases in which CPR was not performed in
the emergency department (patients with ROSC before arrival at the medical facility, death
on arrival, patients with “do not resuscitate” orders, etc.). Of the total data, 2020 and 2021
were set as the COVID-19 pandemic period and the two previous years, 2018 and 2019,
were set as the pre-pandemic period.

2.3. Outcome Measures

The primary outcome was survival-to-hospital-discharge, defined as normal discharge
or transfer to another medical facility for long-term care after acute treatment. Secondary
outcomes were good neurological outcomes and return of spontaneous circulation. Neuro-
logical outcomes were categorized using the Cerebral Performance Category (CPC) score,
and good neurological outcomes were defined as CPC scores of 1 and 2.

2.4. Variables

The primary concern was the use of a mechanical resuscitation device during CPR
in the emergency room for patients with OHCA. According to the Utstein style, several
variables were collected, including age, sex, place of arrest (public and non-public), whether
the arrest was witnessed, whether bystander CPR was performed, initial cardiac rhythm at
scene (non-shockable vs. shockable), cause of arrest(cardiac origin; cause of cardiac arrest
was due to failure of the heart itself vs. non-cardiac origin), whether defibrillation was
performed, and whether advanced interventions were performed, such as percutaneous
coronary intervention (PCI), target temperature management (TTM), pacemaker, and
extracorporeal membrane oxygenation (ECMO).

2.5. Subgroup Analysis

Subgroup analyses were conducted according to the mechanical CPR devices (AutoPulseTM,
LUCASTM and ThumperTM). This subgroup analysis utilized data from the entire study
period (2016–2021) to ensure a sufficient sample size. The AutoPulseTM compresses a wider
area of chest by the load-distributing band. The ThumperTM compresses the chest by a
piston actuated by pneumatic pressure. These two devices are not capable of decompress-
ing the chest. LUCASTM applies pointed compression to the chest by a cup-shaped piston,
which adheres to the patient’s chest surface to induce active decompression [10].

2.6. Statistical Analyses

Categorical variables were analyzed using Pearson’s chi-square and Fisher’s exact
tests. Continuous variables were analyzed using an independent samples t-test for para-

18



J. Pers. Med. 2024, 14, 1072

metric data and the Mann–Whitney U test for non-parametric data. The Shapiro–Wilk
test was used to assess data normality. Multivariable analysis using logistic regression
with backward elimination was additionally performed using all statistically significant
covariates from the univariate analysis. Following the stepwise elimination of factors
in the regression, only the factors that optimized the model’s coefficient of determina-
tion remained. Additionally, we performed the propensity score matching (PSM) for the
pandemic population between the manual-CPR and mechanical-CPR groups. Propensity
scores were computed to 10 decimal places. The closest non-exposure group members
in each model were matched to patients in the mechanical-CPR group with a propensity
score-difference threshold of less than 1 × 10−9. No recurrence was observed in the manual-
CPR group. For all data, a p-value of less than 0.05 was considered statistically significant.
Data were analyzed using R (version 4.3.0; the R Foundation for Statistical Computing,
Vienna, Austria).

2.7. Ethics Statement

The study protocol was approved by the Institutional Review Board of the Chung-
Ang University Hospital, in May 2023 (IRB No. 2305-006-19469). The requirement for
informed consent was waived because of the retrospective nature of the study and the use
of anonymous clinical data. The Korea Disease Control and Prevention Agency approved
the use of the data for this study.

3. Results

3.1. Patients’ Characteristics

We identified 182,508 patients who had experienced OHCAs and assessed 77,350 pa-
tients for eligibility after excluding 105,158 patients with traumatic and unknown causes,
CPR less than 20 min, do-not-resuscitate orders, ROSC before arrival at the hospital, and
age < 18 years. Finally, 72,050 patients were included in our analysis, after excluding
patients who were transferred. The patients were divided into two groups, based on the
number of patients in each receiving manual or mechanical CPR. A total of 61,696 patients
received manual CPR and 10,354 patients received mechanical CPR (Figure 1). Their mean
age was 69.4 ± 14.8 years, and 56.5% of patients were male. There were some significant
different prehospital factors between manual CPR and MCPR, such as bystander CPR
(76.3% vs. 69.5%; p < 0.001), cardiac origin arrest (94.2% vs. 93.4%; p = 0.003), shockable
EKG rhythm (14.9% vs. 13.3%; p < 0.001) and prehospital defibrillation (21.7% vs. 19.8%;
p < 0.001), respectively. In-hospital factors between manual CPR and MCPR, such as TTM
(3.5% vs. 4.8%; p < 0.001) and ECMO (1.5% vs. 2.9%; p < 0.001, respectively,) showed
significant differences (Table 1).

Table 1. Comparison of patient characteristics for manual and mechanical CPR.

Manual CPR
(n = 61,696)

Mechanical CPR
(n = 10,354)

Total
(n = 72,050)

p Value

Male 39,617 (64.2%) 6775 (65.4%) 46,392 (64.4%) 0.017
Age, years 69.3 ± 14.8 69.5 ± 14.8 69.4 ± 14.8 0.277

Witnessed arrest 34,619 (58.3%) 5844 (58.1%) 40,463 (58.3%) 0.67
Bystander CPR 14,761 (23.9%) 3612 (34.9%) 18,373 (25.5%) <0.001

Arrest in public place 9200 (18.5%) 1560 (18.1%) 10,760 (18.4%) 0.47
Cardiac origin 58,089 (94.2%) 9672 (93.4%) 67,761 (94.0%) 0.003

Shockable EKG rhythm 9138 (14.9%) 1370 (13.3%) 10,508 (14.7%) <0.001
Prehospital defibrillation 13,352 (21.7%) 2044 (19.8%) 15,396 (21.4%) <0.001

PCI 1571 (2.5%) 277 (2.7%) 1848 (2.6%) 0.46
TTM 2175 (3.5%) 494 (4.8%) 2669 (3.7%) <0.001

Pacemaker 194 (0.3%) 34 (0.3%) 228 (0.3%) 0.89
ECMO 951 (1.5%) 303 (2.9%) 1254 (1.7%) <0.001
ROSC 26,443 (42.9%) 4220 (40.8%) 30,663 (42.6%) <0.001
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Table 1. Cont.

Manual CPR
(n = 61,696)

Mechanical CPR
(n = 10,354)

Total
(n = 72,050)

p Value

Survival-to-hospital-discharge 2804 (4.5%) 382 (3.7%) 3186 (4.4%) <0.001
Good neurologic outcome 1041 (1.7%) 113 (1.1%) 1154 (1.6%) <0.001

Values are presented as the means ± standard deviations and frequency (proportion). CPR, cardiopulmonary
resuscitation; PCI, percutaneous coronary intervention; TTM, targeted temperature management; ECMO, extra-
corporeal membrane oxygenation; ROSC, return of spontaneous circulation.

Figure 1. Comparison of patient characteristics in the manual-CPR and mechanical-CPR groups.

3.2. Outcomes: Whole Study Period

Survival-to-hospital-discharge (4.5% vs. 3.7%; p < 0.001), good neurological outcomes
(1.7% vs. 1.1%; p < 0.001), and ROSC (42.9% vs. 40.8%; p < 0.001) rates were significantly
lower in the MCPR group than in the manual-CPR group (Table 1). Multivariable logistic
regression analysis revealed that age, witnessed arrest, arrest in a public place, shock-
able EKG rhythm, percutaneous coronary intervention, TTM, MCPR, and ECMO were
independent risk factors for survival-to-hospital-discharge (Supplementary Table S1) and
good neurological outcomes (Supplementary Table S2). Male, witnessed arrest, bystander
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CPR, cardiac origin, shockable EKG rhythm, prehospital defibrillation, and MCPR were
independently associated with ROSC (Supplementary Table S3). MCPR was significantly
associated with lower survival-to-hospital-discharge (adjusted odds ratio (AOR) 0.63; 95%
confidence interval (CI) 0.51–0.77; p <.001) (Figure 2A). Also, MCPR was significantly
associated with poor neurologic outcome and ROSC (AOR 0.50; 95% CI 0.34–0.72; p < 0.001
and AOR 0.81, 95% CI 0.75–0.87; p < 0.001, respectively) (Figure 2B,C).

Figure 2. Forest plot depicting multivariable logistic regression analysis for mechanical CPR.
(A) Survival-to-hospital-discharge. (B) Good neurologic outcome. (C) ROSC.
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3.3. Outcomes: The COVID-19 Pandemic vs. Before the Pandemic

In an analysis comparing the pre-pandemic and pandemic periods, the frequency
of MCPR was 12.6% (2792/22,243) before the pandemic and 22.1% (5716/25,910) during
the pandemic (p < 0.001). In the pre-COVID-19-pandemic group, survival-to-hospital-
discharge, good neurologic outcomes, and ROSC were all significantly reduced with
MCPR, compared to manual CPR. In the COVID-19-pandemic group, good neurological
outcomes were significantly reduced with MCPR, but ROSC and survival-to-hospital-
discharge were not significantly different between the MCPR and manual-CPR groups
(Table 2). In the COVID-19 group, MCPR was not significantly associated with survival-to-
hospital-discharge (Figure 3A). However, MCPR was significantly associated with poor
neurologic outcome (AOR 0.54; 95% CI 0.32–0.87; p = 0.014) (Figure 3B) in the COVID-19
pandemic. MCPR was not significantly associated with ROSC (Figure 3C).

Table 2. Comparison between manual CPR and mechanical CPR during the COVID-19 pandemic
with before the pandemic.

Period During COVID-19 Pandemic Before COVID-19 Pandemic

Chest-Compression Method
Manual CPR
(n = 20,194)

Mechanical CPR
(n = 5716)

p Value
Manual CPR
(n = 19,451)

Mechanical CPR
(n = 2792)

p Value

Male 12,883 (63.8%) 3719 (65.1%) 0.081 12,493 (64.2%) 1815 (65.0%) 0.434
Age, years 70.2 ± 14.7 70.1 ± 14.7 0.540 69.6 ± 14.9 69.3 ± 15.1 0.74

Witnessed arrest 11,615 (59.2%) 3302 (59.3%) 0.938 10,577 (56.6%) 1484 (55.0%) 0.125
Bystander CPR 5245 (26.0%) 2100 (36.7%) <0.001 4810 (24.7%) 899 (32.2%) <0.001

Arrest at public place 2718 (17.0%) 770 (16.4%) 0.351 2936 (19.5%) 459 (19.9%) 0.651
Cardiac origin 19,049 (94.3%) 5312 (92.9%) <0.001 18,205 (93.6%) 2609 (93.4%) 0.796

Shockable EKG rhythm 2658 (13.3%) 703 (12.4%) 0.093 2907 (15.0%) 393 (14.1%) 0.218
Prehospital defibrillation 3937 (19.5%) 1064 (18.6%) 0.141 4174 (21.5%) 580 (20.8%) 0.410

PCI 505 (2.5%) 160 (2.8%) 0.225 560 (2.9%) 69 (2.5%) 0.248
TTM 722 (3.6%) 297 (5.2%) <0.001 760 (3.9%) 114 (4.1%) 0.693

Pacemaker 54 (0.3%) 18 (0.3%) 0.646 54 (0.3%) 8 (0.3%) 1.000
ECMO 359 (1.8%) 156 (2.7%) <0.001 319 (1.6%) 93 (3.3%) <0.001
ROSC 8612 (42.6%) 2405 (42.1%) 0.449 8611 (44.3%) 1089 (39.0%) <0.001

Survival-to-hospital-
discharge 808 (4.0%) 210 (3.7%) 0.278 937 (4.8%) 101 (3.6%) 0.006

Good neurologic outcome 317 (1.6%) 66 (1.2%) 0.025 345 (1.8%) 26 (0.9%) 0.002

Values are presented as the means ± standard deviations and frequency (proportion). CPR, cardiopulmonary
resuscitation; PCI, percutaneous coronary intervention; TTM, targeted temperature management; ECMO, extra-
corporeal membrane oxygenation; ROSC, return of spontaneous circulation.

Figure 3. Cont.
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Figure 3. Forest plot depicting COVID-19 pandemic analysis of multivariate logistic regression
analysis for mechanical CPR. (A) Survival-to-hospital-discharge. (B) Good neurologic outcome.
(C) ROSC.

The PSM cohort extracted during the pandemic manual-CPR group was larger than
the MCPR group. There were 5716 patients in the matching group. Both groups showed a
well-balanced distribution of factors, except for PCI. In the PSM cohort, ROSC, survival,
and neurological outcomes were significantly reduced with MCPR (Table 3).

Table 3. Comparison of patient characteristics and treatment outcomes in manual and mechanical
CPR during the COVID-19 pandemic after the propensity score matching.

Chest-Compression Method
Manual CPR

(n = 5716)
Mechanical CPR

(n = 5716)
p Value

Male 3701 (64.7%) 3719 (65.1%) 0.739
Age, years 70.0 ± 14.5 70.1 ± 14.7 0.892

Witnessed arrest 3320 (57.8%) 3302 (59.3%) 0.747
Bystander CPR 2129 (37.2%) 2100 (36.7%) 0.588

Arrest at public place 778 (13.6%) 770 (13.5%) 0.848
Cardiac origin 5306 (92.8%) 5312 (92.9%) 0.856

Shockable EKG rhythm 707 (12.4%) 703 (12.3%) 0.932
Prehospital defibrillation 1030 (18.0%) 1064 (18.6%) 0.425
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Table 3. Cont.

Chest-Compression Method
Manual CPR

(n = 5716)
Mechanical CPR

(n = 5716)
p Value

PCI 122 (2.1%) 160 (2.8%) 0.026
TTM 291 (5.1%) 297 (5.2%) 0.832

Pacemaker 10 (0.2%) 18 (0.3%) 0.185
ECMO 126 (2.2%) 156 (2.7%) 0.080
ROSC 2513 (44.0%) 2405 (42.1%) 0.043

Survival-to-hospital-
discharge 267 (4.7%) 210 (3.7%) 0.009

Good neurologic outcome 106 (1.9%) 66 (1.2%) 0.003
Values are presented as the means ± standard deviations and frequency (proportion). CPR, cardiopulmonary
resuscitation; PCI, percutaneous coronary intervention; TTM, targeted temperature management; ECMO, extra-
corporeal membrane oxygenation; ROSC, return of spontaneous circulation.

3.4. Subgroup Analysis: Types of Mechanical CPR Devices

Across all three mechanical CPR devices, the use of mechanical CPR devices did
not appear to significantly affect survival-to-hospital-discharge, compared with manual
CPR (4.0% vs. 3.3%; p = 0.598, 4.0% vs. 3.5%; p = 0.153, and 4.0% vs. 7.7%; p = 0.053)
(Supplementary Tables S4–S6).

4. Discussion

The use of mechanical CPR devices is a subject of ongoing debate in the medical
community, particularly regarding their effectiveness and impact on treatment outcomes.
This study aimed to investigate the impact of in-hospital MCPR on the treatment outcomes
of OHCA patients, comparing it with manual CPR, using nationwide population-based
data from South Korea. During the COVID-19 pandemic, interim guidelines for the
treatment of patients with OHCA were distributed by various organizations, and MCPR
was recommended owing to staff shortages and to prevent infection. As a result, MCPR
was used more frequently, and we hypothesized that the impact of MCPR on the prognosis
of OHCA patients would differ. We compared the prognosis of MCPR with that of manual
CPR before and after the COVID-19 pandemic. This was done to provide a basis for
future guidelines for the treatment of OHCA patients in the event of a new infectious-
disease outbreak.

An analysis of CPR data from OCHA in South Korea between 2016 and 2021 revealed
that survival, neurological outcomes, and ROSC were poorer in patients who received
MCPR during the hospital stage compared to those who received manual CPR. In multi-
variate analysis adjusting for various variables, age, witnessed status, occurrence of cardiac
arrest in public places, and shockable rhythm were the major variables affecting survival
rate. MCPR was significantly associated with a lower survival rate. In the analysis before
the COVID-19 pandemic, the survival rate, neurological outcome, and ROSC all showed
negative outcomes with MCPR, compared to manual CPR. During the COVID-19 pan-
demic, the survival rate did not differ significantly between the two groups. Although
PSM analysis showed that the MCPR group had lower survival-to-hospital-discharge, in
the multivariable logistic analysis, MCPR was not an influencing factor for survival-to-
hospital-discharge during the COVID-19 pandemic. It is necessary to note that the impact
of the MCPR during the pandemic showed differences from that prior to the pandemic.
Based on the results of this study, it cannot be concluded whether or not the application of
MCPR improved treatment outcomes.

Before the pandemic, the survival rate of MCPR was 3.8%, and during the pandemic,
it was approximately 3.6%. However, with manual CPR, the survival rate was 4.9% before
the pandemic and it decreased to approximately 4.0% during the pandemic. This indicates
that manual CPR during the pandemic differed from that performed previously. During
the COVID-19 pandemic, healthcare workers had been advised to wear personal protective
equipment during in-hospital CPR for safety and to prevent the spread of the virus, and
to perform resuscitations with fewer staff [27]. This placed an additional burden on the
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resuscitation efforts, which may have had a negative impact on factors affecting patient
outcomes. This could explain why manual CPR did not show a significant difference in
survival rate compared to MCPR during the pandemic period.

Additionally, before the pandemic, the MCPR rate was 12.6%, increasing significantly
to 22.1% during the pandemic. Before the pandemic, manual CPR was primarily performed,
and MCPR was used as an alternative when CPR was prolonged or rescuer fatigue was
evident. In contrast, during the pandemic, MCPR was actively applied from the beginning,
due to the overall shortage of medical resources and the need to protect medical staff
from infection [19], and interim guidelines recommending its application had led to more
widespread use of this technique [20,28,29]. As a characteristic of the pandemic, Lim et al.
in Korea showed an increase in the use of MCPR in prehospital settings [21], which was
the first study to confirm that MCPR was applied at a high frequency in patients admitted
to the hospital with OHCA.

Although the findings from our study show reduced survival and neurological out-
comes with MCPR, it is important to compare these results with findings from other studies.
A meta-analysis of previous randomized controlled trials comparing MCPR with manual
CPR found no statistically significant differences between MCPR and manual CPR in
treatment outcomes, including ROSC, survival-to-hospital-discharge, and good neurologi-
cal outcomes [30]. El-Menya et al. conducted an umbrella review of systematic reviews
comparing MCPR and manual CPR, and concluded that they could not provide sufficient
evidence that MCPR is superior to manual CPR [8] Other studies have indicated that MCPR
might be useful in specific scenarios, such as prolonged resuscitation or during transport.
However, our findings do not support these advantages in the context of the COVID-19
pandemic, where MCPR did not show a survival benefit.

Kim et al. found that, until 2016, AutoPulseTM was the most common mechanical
CPR device used in South Korean hospitals [23]; however, more recently, LUCASTM has
been widely used (Supplementary Figure S1). However, when comparing each device with
manual CPR in terms of survival, there was no significant difference, showing the same
trend as that in previous studies. LUCASTM differs from other devices, in that it can be
performed according to CPR guidelines in terms of compression rate and depth [31]. The
devices are also relatively simple to apply, and have a relative advantage in terms of side
effects, which has made them preferred in recent years [32].

Previous studies have shown that in-hospital cardiac arrest (IHCA) cases tend to
have specific characteristics and result in better clinical outcomes compared to OHCA
cases [33,34]. It is important to note that our study only included patients who experienced
OHCA and received CPR before hospital admission. Pure IHCA cases were not included
in this analysis, due to the limitations of the OHCAS database. This database focuses
exclusively on OHCA patients, and thus we could not investigate subgroup analyses
between in-hospital and out-of-hospital CPR patients. As in-hospital cardiac arrest (IHCA)
cases may benefit from immediate CPR and a systematic CPR team, the outcomes could
differ significantly compared to OHCA cases. We acknowledge this as a limitation of the
study, and future research, including both IHCA and OHCA data, is necessary to fully
evaluate the effectiveness of mechanical CPR devices across different settings. This study
has some limitations. First, the medical environment differs in each country and region,
and it is difficult to generalize the results to all situations, as this study was conducted
in South Korea. Especially in the analysis of the pandemic, South Korea has a relatively
well-controlled COVID-19 situation; therefore, the results have been different in places
with different patterns of COVID-19 prevalence. Second, this is a retrospective study, using
the OHCAS database. We were unable to measure or adjust for certain factors that could
potentially affect OHCA outcomes, such as EMS response times, socioeconomic status,
patient history, and the quality of in-hospital CPR, due to the lack of these data in the
database. Additionally, important clinical factors that could influence patient outcomes
were not available in our database. Laboratory and clinical data could have provided
further insights into the impact of these conditions on survival and neurological outcomes
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in cardiac arrest patients. The absence of such detailed clinical data limits the scope of
our analysis, and future studies that incorporate these parameters are needed to better
understand their effects on CPR outcomes. Third, the COVID-19 pandemic period included
in the sub-analysis was limited to 2020–2021, which is the early- to mid-pandemic period,
and is therefore not representative of the entire pandemic. In particular, South Korea
experienced an increase in mortality among COVID-19 patients in the first half of 2022
during the early stages of the omicron variant, which was not reflected. This needs to be
further analyzed once the raw data are released.

5. Conclusions

In conclusion, it is clear that MCPR did not demonstrate superior outcomes to manual
CPR in our study population. Despite the potential benefits of MCPR during the COVID-19
pandemic, such as reduced infection risk for healthcare professionals, these might not
outweigh the importance of patient outcomes. Our study highlights the importance of
thoughtful decision-making when selecting MCPR or manual CPR. It is crucial to note that
our findings do not definitively favor one method over the other in terms of patient survival
and neurological outcomes. Further research is needed to explore safe and effective CPR
methods that can also protect healthcare workers without compromising patient care.
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Abstract: Background: Chest pain is a prevalent reason for emergency room referrals and presents
diagnostic challenges. The physician must carefully differentiate between cardiac and noncardiac
causes, including various vascular and extracardiovascular conditions. However, it is crucial not to
overlook serious conditions such as acute coronary syndrome (ACS). Diagnosis of acute myocardial
infarction (AMI) and early discharge management become difficult when traditional clinical criteria,
ECG, and troponin values are insufficient. Recently, the focus has shifted to a “multi-marker”
approach to improve diagnostic accuracy and prognosis in patients with chest pain. Methods:
This observational, prospective, single-center study involved, with informed consent, 360 patients
presenting to the emergency department with typical chest pain and included a control group of
120 healthy subjects. In addition to routine examinations, including tests for hsTnI (Siemens TNIH
kit), according to the 0–1 h algorithm, biochemical markers sST2 (tumorigenicity suppression-2) and
suPAR (soluble urokinase plasminogen activator receptor) were also evaluated for each patient. A 12-
month follow-up was conducted to monitor outcomes and adverse events. Results: We identified two
groups of patients: a positive one (112 patients) with high levels of hsTnI, sST2 > 24.19 ng/mL, and
suPAR > 2.9 ng/mL, diagnosed with ACS; and a negative one (136 patients) with low levels of hsTnI,
suPAR < 2.9 ng/mL, and sST2 < 24.19 ng/mL. During the 12-month follow-up, no adverse events
were observed in the negative group. In the intermediate group, patients with hsTnI between 6 ng/L
and the ischemic limit, sST2 > 29.1 ng/mL and suPAR > 2.9 ng/mL, showed the highest probability
of adverse events during follow-up, while those with sST2 < 24.19 ng/mL and suPAR < 2.9 ng/mL
had a better outcome with no adverse events at 12 months. Conclusion: Our data suggest that sST2
and suPAR, together with hsTnI, may be useful in the prognosis of cardiovascular patients with ACS,
providing additional information on endothelial damage. These biomarkers could guide the clinical
decision on further diagnostic investigations. In addition, suPAR and sST2 emerge as promising
for event prediction in patients with chest pain. Their integration into the standard approach in PS
could facilitate more efficient patient management, allowing safe release or timely admission based
on individual risk.

Keywords: multi-marker approach; suPAR; sST2; chest pain; hsTnI; acute coronary syndrome (ACS);
emergency department (ED); early risk stratification

J. Pers. Med. 2024, 14, 564. https://doi.org/10.3390/jpm14060564 https://www.mdpi.com/journal/jpm29



J. Pers. Med. 2024, 14, 564

1. Introduction

Chest pain is a frequent cause of admission to the ER [1–4] and can result from multiple
origins, both cardiac and extracardiac [3–5]. It is crucial to quickly begin management of
patients with life-threatening conditions such as acute coronary syndrome (ACS), aortic
dissection, and pulmonary embolism, as well as other serious nonvascular conditions.
Subsequently, targeted therapy must be given to those with less critical diseases. Although
there are several life-threatening causes, chest pain often reflects more benign conditions [5].

Guidelines recommend an ECG within 10 min of arrival in the emergency department
for patients with suspected acute myocardial infarction (AMI) [5–7]. High-sensitivity car-
diac troponins are critical in identifying cardiac damage but do not specify the cause [7,8].
They may indeed be elevated in conditions such as acute heart failure, pericarditis, my-
ocarditis, or arrhythmias [8]. However, a significant increase in cardiac troponins is an
indicator of high risk for ACS [7–9].

The emergency physician must then stratify the patient’s risk for ACS or MACE in the
short term. Prognostic tools such as HEART, GRACE, and TIMI scores are used to evaluate
patients for whom ECG and troponin tests are not diagnostic [7–14]. According to these
scores, patients with cardiac chest pain, non-elevated hsTnI, and a negative ECG for ACS,
but with risk factors such as diabetes, hypertension, hypercholesterolemia, or smoking, are
considered to be at intermediate risk and need further diagnostic tests. These may include
stress testing, exercise imaging, CCTA, or ICA, which often prolong hospital stays [7].

Our goal is to propose a safe and efficient clinical pathway for intermediate-risk
patients, allowing the clinician to safely discharge those who do not need further attention
and focus on those at higher risk of ACS or MACE in the short term, using a multi-marker
approach based on suPAR and sST2 values.

2. Biomarkers

Cardiac biomarkers are an essential component of the criteria used to establish the
diagnosis of an acute myocardial infarction. Troponin is the biomarker of first choice for the
detection of myocardial damage and has a class I indication for the diagnosis of myocardial
infarction according to the most recent ESC guidelines [15].

The current limitation, but at the same time the strength, of high-sensitivity troponin
assay methods is the possibility of detecting “biochemical positivity” that cannot always
be ascribed to a context of myocardial ischemia but also of myocardial injury.

The high sensitivity of the troponin kits allows for the evaluation of a wide range of
clinical conditions that are non-ischemic, both acute and chronic, cardiac and extracardiac,
such as pericarditis, myocarditis, Takotsubo syndrome, tachyarrhythmias, heart failure,
pulmonary embolism, stroke, and sepsis [8]. Thus, hs-troponins have a high specificity
for “myocardial damage” with a high negative predictive value. In addition, their values
should be interpreted as a quantitative marker of myocardial damage, as there is a direct
proportionality between the troponin level and the extent of injury.

SST2 has recently emerged as a promising biomarker in the field of acute cardiovascu-
lar disease. ST2 is a protein that belongs to the interleukin-1 receptor family (IL-1 RL-1)
and exists in two isoforms, one transmembrane (ST2L) and one soluble (sST2). The natural
ligand of ST2 is IL-33, a member of the IL-1 family, which plays an anti-inflammatory, anti-
hypertrophic, and anti-fibrotic role in the myocardium [16] and is produced by different
cell types, such as endothelial cells.

sST2, the soluble variant of ST2, on the other hand, is over-expressed under specific
pathological conditions of myocardial stress or damage and is associated with inflammation
and immune response; it is a decoy receptor that reduces the cardioprotective effect of the
IL-33/ST2L pathway by binding free IL-33, which will no longer be available to the ST2L
receptor [17].

In fact, sST2 is released by myocardial cells in response to myocardial infarction [18].
Although sST2 does not add elements to the initial diagnosis of AMI, its prognostic

role has become conspicuous: early levels of sST2 during AMI seem to reflect the extent of
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myocardial necrosis [19]. Indeed, although sST2 cannot replace natriuretic peptides (NPs)
in the diagnosis of AHF, its baseline increase has been shown to be superior to NT-pro BNP
as a prognostic marker of mortality at 1 year and 4 years [19].

The role of ST2 in the pathophysiology of CAD and the clinical value of this biomarker
in acute ST-segment elevation myocardial infarction (STEMI) have broadly expanded.
Several studies suggest an important prognostic value of sST2 [20–22], both in chronic
heart failure [23], in which it predicts the outcome of patients in addition to the N-terminal
pro-B type natriuretic peptide (NT-proBNP) and the highly sensitive troponin T [24], and in
acute heart failure [25], where it is useful in monitoring and guiding therapeutic decisions
in patients with acute decompensated heart failure and acute myocardial infarction [26].
As a biomarker related to inflammation and fibrosis, sST2 has important clinical value in
CAD, which may guide prognosis prediction and treatment [25,27,28].

In clinical practice, sST2 can be used in the prognostic stratification of patients and
for the identification of patients at high risk of mortality and re-hospitalization in patients
diagnosed with heart failure [29], providing unique prognostic information as well as
complementary to that provided by the natriuretic peptides BNP and NT-proBNP, from
which it is independent [30].

Although sST2 does not add elements to the initial diagnosis of AMI, its prognostic
role has become conspicuous. Early levels of sST2 in AMI appear to reflect the extent of
myocardial necrosis [19]. Starting from these data, sST2 could be recognized as a marker of
early and late post-infarction remodeling [26–31].

SuPAR is the soluble form of uPAR, the membrane receptor of urine-type plasminogen
activator or urokinase (uPA), and is released from the plasma membrane upon cleavage
from the GPI anchor in response to inflammatory stimuli, regardless of the underlying
cause [32].

Serum levels of suPAR are thus closely related to immune and inflammatory activation,
and in the context of cardiovascular disease, suPAR has emerged as a very promising
biomarker as a prognostic indicator for early prediction of events in chest pain emergency
patients [33].

In fact, although its non-cardiac-specific nature limits its diagnostic value for heart
disease, when used in conjunction with imaging studies and clinical rating scales in a
multi-marker approach, it has been shown to ameliorate the clinical capacity to identify
patients at risk for adverse cardiovascular events, morbidity, and mortality [34]. In the
setting of an ACS, suPAR is associated with long-term all-cause death, heart failure, and
MACE and provides incremental prognostic value beyond traditional risk factors [35].

3. Endpoint

The study sought to investigate a multi-marker approach in patients presenting to
the emergency department (ED) with chest pain suggestive of acute coronary syndrome
(ACS), using sST2 and suPAR, in addition to hsTnI, in the diagnostic workup and early risk
stratification, to assess whether this approach improves diagnostic or prognostic accuracy,
especially in those patients without a clear diagnosis. In addition, the effectiveness and
validity of the multi-marker approach were evaluated through a follow-up of our patients
at 12 months after ED admission.

4. Methods

4.1. Study Design

We performed a monocentric and prospective study evaluating a multi-marker ap-
proach for patients presenting cardiac pain in the Emergency Department. This study was
conducted and developed in close cooperation with the High Automation Corelab and
the Emergency Medicine Department of the A. Gemelli University Polyclinic Foundation,
IRCCS of Rome. We prospectively and consecutively enrolled a total of 360 patients who
presented to the ED of our polyclinic with chest pain or other typical symptoms. The
inclusion criteria for the patient group were: (1) age ≥ 18 years; (2) chest pain or sugges-
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tive symptoms suspecting ACS; and (3) ability to give informed consent. Patients only
presenting with dyspnoea or palpitations were not included in our study. All enrolled
patients underwent standard diagnostic and therapeutic procedures according to the up-
dated guidelines and good clinical practices. There were no alterations to the approved
ACS protocol by our Polyclinic Foundation.

High-sensitivity troponins were determined following the European Society of Cardi-
ology’s (ESC) 0/1-h protocol.

Baseline demographic and clinical data (age, gender, cardiovascular risk factors, blood
pressure, heart rate, electrocardiogram, respiratory rate, arterial oxygen saturation) as well
as information on medications were collected and recorded on standardized data collection
forms (see Table 1).

Table 1. Baseline characteristics of the studied population (N = 360 patients).

Characteristics %

N pts 360

Sex (M:F) 57.6% 42.4%

Age (aa) 56.7 aa (33–86)
M 215 (33–86) F 145 (36–77)

Risk factors

Hypertension 52.8% M 58.3% F 45.2%

Diabetes 16.8% M 20.8% F 11.3%

Dyslipidemia 36.4% M 36.1% F 36.8%

Familiarity with cardiovascular disease 22.4% M 22.9% F 21.7%

Smoke 16.4% M 22.2% F 8%

Vasculopathy 10.4% M 14.6% F 4.7%

Plus, multi-markers’ measurements (sST2 and suPAR) were performed for each patient
enrolled, using the same blood sample provided by the clinical care pathway for chest pain
approved in our hospital. Blood samples were immediately stored in the High Automation
CoreLab of our hospital; plasma and serum were aliquoted in Eppendorf tubes and frozen
at −80 ◦C until sST2 and suPAR analysis. The levels of all biomarkers were also examined
in a control group of 120 healthy subjects with homogeneous characteristics regarding sex
and age [35–37].

In our study, we did not utilize the GRACE or TIMI score, as we aimed to enhance
prognostic value with actual measurements rather than clinical management tools.

4.2. Biomarker Measurements

Biomarker measurements were performed in the High Automation CoreLab of the A.
Gemelli University Polyclinic Foundation, IRCCS Rome”, by an Atellica Solution analyzer
(Siemens Healthineers, Malvern, PA, USA).

- hs-troponin was measured by the TnIH kit (Siemens Healthcare Diagnostics, USA)
using the CLIA method. The limit of detection (LOD) is 2.5 ng/L; the 99th percentile
cut-off is 57 ng/L for males and 37 ng/L for females, with 10% CV at 6 ng/L. The
TNIH assay-specific cut-off level (6 ng/L) within the 0 h/1 h protocol was derived
from pre-defined criteria for sensitivity and specificity for ASC, as reported in ESC
guidelines 2023 [15].

- sST2 was measured by the Sequent-IA kit, Critical Diagnostics USA, using the tur-
bidimetric method applied to Atellica CH Siemens [38]. The LOD is 8 ng/mL, the
measuring range is from 8 to 360 ng/mL, and the cut-off value for heart failure risk is
35 ng/mL.
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- suPAR was measured by the turbidimetric method with the SUPARNOSTIC kit
(Virogates DK) applied to Atellica CH Siemens. The LOD is 1.7 ng/mL, and the range
is from 1.7 to 26.5 ng/mL; the cut-off is 3.0 ng/mL.

4.3. Follow-Up

Follow-up data were retrieved from digital and written patients’ records, including
discharge letters, revascularization reports, and any other relevant documentation. The
12-month clinical follow-up data were obtained from all patients included in the study
by phone interview to assess clinical outcome (symptoms such as chest pain), hospital
re-admission (myocardial infarction, revascularization), coronary angiography, and death.

4.4. Ethics Statements

The study protocol did not alter the diagnostic workup or therapeutic management
of enrolled patients in any way. The study was approved by the A. Gemelli University
Polyclinic Foundation, IRCCS, Ethics Review Board (protocol n◦ 4896/22). All patients
provided written informed consent for their participation in the study.

4.5. Statistical Analysis

Statistical analysis was conducted using MedCalc®Statistical version 19.5.6 (MedCalc
Software Ltd., Ostend, Belgium; https://www.medcalc.org (accessed on 16 May 2024);
2020) (version 15.0) software. Continuous variables were expressed as mean values ±
standard deviation or as median (range), and categorical variables were expressed as
frequencies. The data distribution was assessed by the Kolmogorov–Smirnov test or the
Shapiro–Wilk test in order to verify the population distribution. The most appropriate
statistical parametric and non-parametric tests (the Student’s t-test or Mann–Whitney and
chi-squared or Fisher) were used based on the data distribution. The Youden Index was
used to choose the optimal cut-off points for biomarkers’ diagnostic and prognostic effec-
tiveness. The correlation analysis between variables was carried out using the Spearman
coefficient. We calculated odds ratios (ORs) with their respective 95% confidence intervals
(95% CI). A p value < 0.05 was considered statistically significant.

5. Results

Table 2 reports baseline values of hsTnI, sST2, and suPAR in all patients (N = 360).

Table 2. Baseline biomarker levels in the patients enrolled (N = 360).

Min Max Mean Median SD 25–75 P

Age (y) 23.0 90.0 64.47 66.0 15.3 55.0 to 76.0
hsTnI ng/L 2.5 87,239.0 850.64 6.0 7353.5 3.0 to 21.0
sST2 ng/mL 12.0 501.6 34.48 24.8 48.6 19.1 to 37.5

su-PAR ng/mL 1.70 26.5 4.07 3.5 2.8 2.7 to 4.3

Then, we identified our study population in 2 groups:

- The “healthy control” group, composed of 120 subjects with hsTnI < 2.5 ng/L, in
which levels of sST2 and suPAR were ≤ 2 4.19 ng/mL and ≤ 2.9 ng/mL, respectively;

- The “true positives” group, composed of 112 patients with hs-cTn concentration at
presentation at least moderately elevated above the ischemic cut-off level (57 ng/L for
males and 47 ng/L for females) or with a significant rise within the first hour (1 hΔ) of
hsTnI levels.

The ACS diagnosis was confirmed, and all patients in this group had sST2 levels above
24.19 ng/mL and suPAR levels above 2.9 ng/mL.

We identified that sST2 and suPAR levels were significantly different in true positives
versus the healthy group (p < 0.001); ST2 levels above 24.19 ng/mL had 100% specificity and
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100% sensitivity for ACS, while suPAR levels above 2.9 ng/mL had 100% sensitivity and
85.7% specificity (see Figures 1 and 2). These cut-offs were calculated with Youden’s index.

Figure 1. ROC for sST2.

Figure 2. ROC for suPAR.

Figures 1 and 2 display the ROC for sST2 (Figure 1) and suPAR (Figure 2) in the true
positives vs. healthy group (cut-off of 24.19 ng/mL for sST2 and 2.9 ng/mL for suPAR).

Then, we divided the patients according to hsTnI levels into a “negative” group com-
posed of 136 patients with hsTnI below 6 ng/L and an “intermediate” group composed of
112 patients with troponin levels > 6 ng/L but below the ACS diagnostic cut-off for hsTnI
(< 47 /57 ng/L F/M).

According to the suPAR normal cut-off, we observed that in the “negative” group,
patients with suPAR ≤ 2.9 ng/mL (n 59) showed all sST2 levels ≤ 24.19 ng/mL, while
patients with suPAR > 2.9 ng/mL (n 77) showed sST2 > 29.1 ng/mL in 65% of the cases.
In the “intermediate” group, patients with suPAR ≤ 2.9 ng/mL (n 52) had sST2 ≤ 24.19
ng/mL, while all patients with suPAR > 2.9 ng/mL had sST2 > 29.1 ng/mL.

After 12 months from ED admission, it was possible to obtain information about the
patients’ follow-up through a telephone interview; we considered any event reported that
we defined as MACE to be a negative outcome, regardless of the score (presence of single
or multiple events).

sST2 and suPAR’s cut-offs, previously calculated with ROC curves, were related to the
presence or absence of adverse events of cardiac origin at the one-year follow-up through
the chi-square “χ2” hypothesis test and the relative risk.

We observed that in the negative and intermediate groups, none with suPAR ≤ 2.9 ng/mL
and sST2 < 24.19 ng/mL reported adverse events in the follow-up (specificity 100%); these
patients seem like healthy subjects.

While in the negative group, patients with suPAR > 2.9 ng/mL and sST2 > 29.1 ng/mL
reported events in 70% of the cases.
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In the intermediate group, almost all of the patients (84%) with sST2 > 29.1 ng/mL had
adverse events at 1 year, while none showed events if sST2 was lower than 24.19 ng/mL.

The ROC curve AUC of sST2 for the excluding of events was 0.974 at the optimal
threshold of 24.19 ng/mL, with a sensitivity of 100% and a specificity of 87.5% (Figure 3).
The ROC curve AUC of sST2 for the prediction of events was 0.852 at the optimal threshold
of 29.1 ng/mL, with a sensitivity of 85.7% and a specificity of 81.8% (Figure 4).

Figure 3. The intermediate group sST2 cut-off for the excluding of events (24.19 ng/mL).

Figure 4. The intermediate group with a high risk of adverse events for the sST2 cut-off of 29.1 ng/mL.

In the intermediate group, according to the suPAR 2.9 ng/mL cut-off, the sensitivity was
86% and the specificity was 95.7% for identifying patients at risk or not for adverse events
at 1 year. In fact, 80% of patients with values higher than 2.9 ng/mL showed adverse events
at 1 year, while only 2% of patients with values lower than 2.9 ng/mL had adverse events
in the follow-up.

sST2 was highly sensitive and specific (100% sensitivity, 90.9% specificity, positive
predictive value 83.8%, negative predictive value 100%) for adverse events during follow-
up; values above the cut-off of 29.1 ng/mL were therefore indicative of myocardial distress
and associated with patients with a positive outcome.

suPAR was specific and highly sensitive (98.02% sensitivity, 74.5% specificity, positive
predictive value 80%, negative predictive value 97.6%) for adverse events during follow-up
with values above the cut-off of 2.9 ng/mL.

We also verified the significance of the association of sST2 and suPAR levels with out-
come using the “χ2” chi-square hypothesis test, which showed high statistical significance
(p value < 0.001). We calculated the relative risk of an adverse event at one year in the case
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of sST2 higher than the cut-off of 29.1 ng/mL (χ2 = 70.66, RR = 51.11, 95% CI 7.28–358.87,
p-value < 0.001) and in the case of suPAR higher than the cut-off of 2.9 ng/mL (χ2 = 63.28,
RR = 3.86, 95% CI 2.45–6.07, p-value < 0.001).

6. Discussion

Patients presenting to the ED with acute chest pain are a challenge for emergency
physicians and acute medicine departments, as a wide spectrum of diagnoses may cause
the pain, ranging from acute myocardial infarction (AMI) and pulmonary embolism to
harmless muscular tension belonging to the group of chest wall syndromes, as well as
gastrointestinal causes such as gastroesophageal reflux disease. Noncardiac causes are very
common, but it is important not to overlook serious conditions.

The decision to admit or discharge a patient can be difficult for the physician, especially
in an acute setting such as the ED, which requires making this decision within hours.
Currently, the evaluation of patients consists of a clinical investigation concerning medical
history, a physical examination, followed by a 12-channel electrocardiogram (ECG), and
further focused diagnostics, including cardiac biomarkers.

Despite the development of improved cardiac biomarkers and the validation of clinical
scoring systems, medical decisions about hospital admission or discharge do not always
come promptly. The introduction of highly sensitive cardiac troponin (hs-cTn) has signifi-
cantly improved the diagnostic accuracy of acute coronary syndrome, both in the rule-in
phase (with anticipation of the diagnosis) and in the rule-out phase, with the possibility
of excluding acute injury with a 1-hour blood sample. On the other hand, hsTnI can
highlight any kind of myocardiocyte suffering, not only that due to an ischemic cause, thus
adding doubts to the decision-making process in which the physician must choose between
hospital admission, 24-h observation, or a safe discharge. Recently, the standardization and
validation of new diagnostic methods have increased clinicians’ confidence in the use of
circulating biomarkers to improve diagnostic accuracy, assess individual risk of developing
cardiovascular disease, and monitor associated adverse events.

sST2 has been studied in patients with heart failure and has recently been introduced
as an additional prognostic marker for natriuretic factors in heart failure, as it increases
when myocardial tissue remodels in fibrosis. Plus, because of sST2’s increase in different
pathophysiological cardiac pathways, other studies have highlighted that sST2 has a
complementary role in the prognostic stratification of cardiac ischemic patients. While
hsTnI’s increase represents miocardiocyte suffering, the sST2 plasma level may reflect
endothelial damage.

Recently, many studies have taken into consideration suPAR as a cardiovascular
marker, as it is related to immune activation, inflammation, and endothelial damage.
suPAR has been proposed as a biomarker for risk stratification and for monitoring the
therapeutic response in patients with heart disease.

Our research is based on a multi-marker approach for patients who are admitted
to the ED with acute chest pain. We enrolled 360 consecutive patients in whom ACS
was suspected. We measured hsTnI 0–1 h and the other biomarkers with the same blood
sample. The aim of our research was to evaluate whether the combination of different
biomarkers could help the clinician find an accurate diagnosis, explain the origin of the
patients’ symptoms, and improve risk stratification and prognosis. From our statistical
analysis, we noticed that the distribution of values was very heterogeneous, considering
the multiple clinical features that can be responsible for acute chest pain.

HsTnI was the only biomarker able to vary between time 0 and time 1, as its immediate
release was an expression of an acute event; the other biomarkers did not show significant
variation between the two measurements.

Our findings confirmed that troponin has a diagnostic role and highlighted that
suPAR and sST2 could help the clinician better understand and personalize each patient’s
cardiovascular risk.

According to troponin levels, we divided the patients into different groups.
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To evaluate the reliability of a multi-marker approach in these patients, we divided the
negative subjects on the suPAR level: suPAR ≤ 2.9 ng/mL and sST2 ≤ 24.19 ng/mL showed
high accuracy for excluding ACS, while suPAR > 2.9 ng/mL and sST2 > 29.1 ng/mL could
discriminate patients with ACS.

The group of patients with “intermediate” troponin is the group that usually creates the
biggest problems for the clinician. Patients with sST2 > 29.1 ng/mL or suPAR > 2.9 ng/mL
presented a high risk of ACS. On the other hand, patients with sST2 ≤ 24.19% and
suPAR ≤ 2.9 ng/mL were found to be healthy, non-ACS patients.

Among patients with negative or intermediate troponin, sST2 and suPAR appear to be
able to separate those who could be discharged safely from the ED from those who may
need more attention.

For follow-up, we relied mainly on objective data such as re-hospitalization, treatment
changes, and new visits to the PS, rather than exclusively on the limited value of the
12-month telephone analysis. This is because patients’ re-presentation of symptoms often
lacks accuracy and timeliness. Follow-up showed that ST2 > 29.1 ng/mL was highly
specific for adverse events and thus associated with patients with adverse outcomes, and
suPAR > 2.9 ng/mL was specific and highly sensitive for adverse events.

For the first time in the evaluation of patients with acute chest pain, our study suggests
the use of a multi-marker approach with sST2 and suPAR in association with troponin.
Troponin, sST2, and suPAR explore totally distinct pathways that can each independently
contribute to the genesis of cardiovascular pathology, despite being able to coexist without
a causal relationship in some cases. Furthermore, sST2 and suPAR must also be considered
indicators of endothelial health, as they are strongly influenced by conditions such as
inflammatory states, autoimmune diseases, neoplasms, and non-ischemic heart conditions.
SuPAR and sST2 are promising biomarkers for early prediction of events in chest pain
emergency patients. Our data are preliminary and require an expansion of patients to be
enrolled. However, since clinicians increasingly ask the laboratories for support in guiding
their diagnostic choices using an evidence-based, biomarker-based approach, our findings
appear interesting and deserve to be carefully considered and evaluated so as to manage
patients more efficiently in a difficult setting such as the emergency department.

7. Limitations

There are some limitations to our study that are worth taking into consideration. First,
the study is limited by a small sample size, which may influence our findings. However,
our research should be viewed as a starting point for a multi-center study with a larger
sample size. Plus, multi-center studies are needed to determine the potential role of this
multi-marker approach in the diagnostic work-up as well as in patient stratification for
rule-in and rule-out. Second, we lacked serial measurement of biomarkers in our study;
the plasma levels of sST2 and suPAR were only detected at the time of admission to the
ED. Temporal variation in biomarker measurements from admission to discharge in the
ED could be an important finding. However, despite these limitations, it is important to
underline our great findings regarding this multi-marker approach in patients with chest
pain. The follow-up is still in progress.

8. Conclusions

Our data suggest that hsTnI remains the biomarker of choice for acute cardiological
evaluations, considering its peculiar cardio-specificity and its rapid increase in acute
ischemic settings; on the other hand, it is known that numerous different pathophysiological
elements can influence each other and associate, determining multiple clinical pictures in
patients. SST2 may play a complementary role to troponin in the prognostic stratification of
ischemic patients. SuPAR, as a marker of endothelial damage and involvement in various
pathophysiological pathways, can guide clinicians in determining the need for further
diagnostic investigations. Our data suggest that a future integration of these biomarkers
into the routine approach to the patient with acute chest pain in the ED might allow better
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patient stratification and proper patient management, helping the clinician to make an
early safe discharge or a timely admission for those who deserve in-depth diagnostic and
therapeutic investigations.
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Abstract: Thrombotic events during pregnancy are burdened by an increased risk of morbidity and
mortality, despite innovations in their diagnosis and treatment. Given their multifactorial etiology, it
is important to understand all the pathophysiological mechanisms but especially to achieve correct
and timely diagnosis. Pulmonary embolism (PE) during pregnancy represents a rare event, with
an incidence of 1 per 1000 pregnancies, but it is also one of the leading causes of death during
pregnancy. Managing PE in the acute setting is even more challenging and complex due to the
attempt to maintain a balance between hemorrhagic and thrombotic complications while ensuring an
optimal outcome for both the mother and the baby. In this review, our aim is to analyze the most
significant challenges of acute PE during pregnancy and identify suitable management approaches
for specific situations in order to improve the prognosis of pregnant women.

Keywords: pregnancy; pulmonary embolism; emergency department

1. Introduction

Venous thromboembolism (VTE) is an important cause of morbidity and mortality
during pregnancy and the peripartum period, with an incidence of 1 per 1000 pregnan-
cies [1]. Despite advances in the diagnosis and management of VTE, it remains a leading
cause of maternal mortality worldwide. Pregnancy-related VTE can have both serious
short- and long-term complications, including post-thrombotic syndrome, which can alter
the quality of life of the mother [2].

Thromboembolic events are often generated by pregnancy-related risk factors, most
of them being preventable [3]. Therefore, it is crucial to diagnose, prevent, and manage
VTE, including its complications. However, this population comes with the physiological
alterations associated with pregnancy and the potential risks that the imaging techniques
present to the fetus, which makes an accurate diagnosis highly challenging.

Therapeutic interventions must take into consideration the balance of the possible
advantages and drawbacks of each approach to the mother and fetus [4]. In this regard, al-
though it is a rare but deadly event, high-risk PE is the primary indication for thrombolysis,
a challenging situation due to its high risk of bleeding complications.

However, data from a systematic review point out that thrombolysis in patients with
high-risk PE has good maternal and fetal survival rates [5,6].
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The aim of this review is to examine the key challenges of acute PE during pregnancy
and to identify appropriate management strategies for different scenarios, with the goal of
improving outcomes for pregnant women.

2. Epidemiology

Pregnant and postpartum women have a six-time higher risk of VTE, compared with
non-pregnant women. This risk also increases with gestational age. It is widely agreed that
the greatest risk occurs during the postpartum period, with the incidence reaching its peak
in the first six weeks after childbirth [6].

A meta-analysis that included 93 million pregnant and postpartum women revealed
that the incidence of VTE was 1.2 per 1000 deliveries [7]. The global application of computer
tomographic pulmonary angiography (CTPA) in pregnant and postpartum women has
increased the rates of diagnosed PE during delivery admissions and during postpartum
hospitalizations [8]. The incidence varies based on several risk factors and populations,
with a higher incidence in women with a history of VTE or thrombophilia or those with
diabetes or hypertension [9].

There are data that suggest racial differences in the occurrence of VTE during preg-
nancy and the postpartum period, with Black women being the most impacted. A potential
explanation is the fact that Black women have a higher prevalence of certain risk factors,
such as hypertension and sickle cell disease [10].

3. Pathophysiology of VTE in Pregnancy

Virchow’s triad, which consists of endothelial trauma, venous stasis, and hyperco-
agulability, all of which are increased during pregnancy, contributes to a higher risk of
thrombus formation. These alterations in the coagulation and fibrinolytic systems are
intended to minimize intrapartum blood loss but also increase the risk of thromboem-
bolism [9]. Venous stasis of the lower limbs occurs due to changes in venous capacitance
related to pregnancy and compression of the inferior vena cava or iliac veins by the gravid
uterus. This augmentation of stasis in the lower limb venous system can occur even be-
fore the uterus has a marked increase in size [11]. There are also immunological changes,
with a sudden increase in cytokines and vascular endothelial dysfunction that can lead to
VTE [12].

Pregnancy and the postpartum period are also associated with a hypercoagulable
state, with a physiologic increase in certain coagulation factors, such as factors II, VII, VIII,
IX, and X. Conversely, there is also a reduction in the production of protein S and a decrease
in the activation of the fibrinolysis inhibitors PAI-I and PAI-2 [13].

4. Risk Factors

Pregnancy itself is an important risk factor for VTE, but apart from it, other risk factors
for thromboembolic events can be classified into maternal-specific, obstetric-specific, and
new onset and transient risk factors [6]. Of note, traditional pre-existing risk factors are
less prevalent in pregnant women compared with non-pregnant women who present with
VTE [14].

Maternal-specific risk factors for venous thrombotic events in pregnancy include
previous VTE, acquired or heritable thrombophilia, extensive varicose veins, body mass
index > 30 kg/m2, maternal age > 35 years, parity of more than 2, smoking, pre-existing
comorbidities, such as hypertension, gestational diabetes, heart failure, inflammatory
bowel disease [15], or cancer [11]. Women who present with a history of both provoked
and unprovoked VTE or with first-degree relatives diagnosed with inherited thrombophilia
should be evaluated with a thrombophilia panel, including tests for antiphospholipid
syndrome, factor V Leiden, and the prothrombin G20210A gene variant, as well as for
deficiencies in antithrombin III, protein C, and protein S [15].
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Obstetric-specific risk factors are current pre-eclampsia, multiple pregnancy, pro-
longed labor (>24 h), preterm birth, stillbirth, postpartum hemorrhage (blood loss exceed-
ing 1 L or blood loss that requires transfusion), and Caesarean section [16].

Newly acquired or transient risk factors, which can be potentially reversible, may
emerge later in pregnancy than when the initial risk assessment was conducted. Therefore,
it is of utmost importance to carefully monitor the individual risk. These risk factors encom-
pass hyperemesis gravidorum, ovarian hyperstimulation syndrome, fertility treatments
including in vitro fertilization, postpartum sterilization, hospital admission or immobility,
bone fracture, any surgical procedure during pregnancy or the postpartum period, existing
systemic illness, and long distance travel exceeding 4 h [11].

5. Risk Assessment of Pregnancy-Related VTE

Considering that VTE is a leading cause of mortality, it is essential to assess the risk of
developing VTE in all pregnant women as early as possible. Most women may exhibit one
or more thrombotic risk factors during pregnancy. Conducting an initial risk assessment
and implementing preventive strategies are essential in reducing the incidence of VTE in
pregnant women [11]. Special attention should be given to women with a previous history
of VTE, those with known thrombophilia, and those with a family history of VTE [17].
Those identified as having a high risk for VTE should receive both an antepartum and
postpartum prophylactic or intermediate dose of low-molecular-weight heparin (LMWH)
or unfractioned heparin (UFH) [18].

The risk scoring approach should evaluate the necessity of thromboprophylaxis during
pregnancy and the postpartum period. Based on the associated risk factors, all women will
be categorized into various risk levels, and the appropriate thromboprophylaxis regimen
will be chosen. This approach can include observation alone, mechanical methods or
LMWH, and the choice should be tailored based on each patient’s specific risk factors [19].
A scoring system to assess the risk of VTE in pregnant women would be highly beneficial,
but unfortunately, no validated score currently exists for this purpose.

If pharmacological thromboprophylaxis is chosen as the appropriate regimen during
pregnancy and the postpartum period, the risk of VTE must outweigh the risk of severe
bleeding complications due to anticoagulation treatment. Recent guidelines and expert
panels have taken this into consideration and suggested that pharmacologic prophylaxis
should be considered only if the absolute risk of VTE exceeds 1 to 5%, with the prioritization
of the woman’s preferences [20].

6. Clinical Presentation

Clinical suspicion of deep vein thrombosis (DVT) is essential to ensure optimal di-
agnosis and treatment, because, without treatment, it may advance to PE, which can be
life-threatening for both the mother and the fetus. DVT is significantly more prevalent
in pregnant women compared to those who are not pregnant. In contrast to the general
population, where thrombosis typically starts in the distal veins of the calf and progresses
proximally, in pregnant women, it often originates in the proximal veins of the lower limb
(primarily from iliac or femoral veins) due to compression by the pregnant uterus [4].

VTE during pregnancy can manifest as various forms, ranging from asymptomatic
cases to severe and life-threatening conditions, such as hemodynamic unstable PE. Symp-
toms that suggest VTE in non-pregnant women include tachycardia, dyspnea, tachypnea,
and lower limb edema and pain. However, these symptoms are non-specific and frequently
encountered in various conditions, often imitating standard symptoms of pregnancy [9].

For DVT during pregnancy, the most frequent symptoms are pain and predominantly
unilateral edema. These symptoms can be associated with warmth, erythema, or lower
limb tenderness. Almost 80% of pregnant women with DVT exhibit these symptoms, yet
the diagnosis is often overlooked [21]. In symptomatic pregnant women, DVT is more
commonly diagnosed in the left lower limb, involving the proximal and iliac veins (70
to 90%) [22]. A possible explanation for this phenomenon is the dual compression of the
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left iliac vein, first by the normal anatomical crossing of the right iliac artery above the
left iliac vein and second by the compression of the gravid uterus [4]. Although there are
several scoring systems to evaluate the pre-test probability of VTE in non-pregnant women
(such as Well’s criteria and the modified Geneva score), it is important to recognize that the
studies validating these scoring systems did not include pregnant or postpartum women;
therefore, their applicability to this population may be limited [4]. Chan et al. proposed a
clinical prediction tool to aid in the diagnosis of DVT in pregnant women during the first
trimester, which includes the following: (1) left lower limb symptoms; (2) more than 2 cm
difference in calf circumference; (3) presentation during the first trimester of pregnancy.
These three components are together referred to as the LEFt rule. If none of these factors
is identified, the negative predictive value is 100%. The LEFt rule should, however, not
be used as the only test to rule out DVT in pregnancy but rather as one component of
a diagnostic approach, including other tests, such as D-dimer measurements and lower
extremity duplex ultrasound (DUS) [23,24].

D-dimer levels increase during pregnancy compared with non-pregnant women,
limiting the diagnostic value when evaluating the probability of VTE. However, normal
D-dimer levels are a low-cost, non-invasive, simple test to rule out VTE during pregnancy
in cases with low-to-intermediate clinical pretest probability [25]; conversely, a high D-
dimer level necessitates an additional investigation, similar to the approach used for
non-pregnant women [26]. Being widely available and without the risk of radiation to
the fetus, DUS is the first-line diagnostic tool for symptomatic DVT. If DVT is found via
DUS and PE is clinically suspected, additional chest imaging is not required, since the
management approach would remain the same. Nevertheless, if PE is suspected clinically
and DUS does not reveal DVT, a CT pulmonary angiogram (CTPA) or lung perfusion
scintigraphy (V/Q scan) is required [27]. The detection of DVT in iliofemoral veins via
compression ultrasonography (CUS) is often inadequate, due to the veins’ incompressibility
from pregnancy-related changes in blood flow mechanics, their increased compressibility
in the proximal veins, and their location within the pelvis. In this setting, adjunctive DUS
parameters should be used, such as the venous flow changes with respiration and with the
Valsalva maneuver in order to identify downstream occlusive thrombosis [28]. In pregnant
women who are suspected of having iliac vein thrombosis, the diagnostic approach can be
continued via magnetic resonance imaging (MRI) venography if the initial compressive
ultrasound is negative. Also, if the CUS is negative but the clinical suspicion of DVT is high,
reassessment with highly sensitive D-dimer testing on days 3 and 7 and/or repeat CUS
should be performed. In cases of suspected pelvic DVT, CT venography can be considered;
however, MRI venography is a valid option with excellent diagnostic precision, without
exposing the mother and fetus to radiation [29]. Protocols without gadolinium should be
taken into consideration, as fetal exposure to high doses of gadolinium is associated with
developmental anomalies in small animals models [30], while evidence in humans is very
limited [31]. It should be noted that MRI venography for DVT diagnosis is infrequent due
to its restricted accessibility at the point of care.

The most frequent symptoms of PE, which are shortness of breath, tachycardia, and
chest pain, are nonspecific and may also occur as normal physiological alterations during
pregnancy, making the diagnostic management particularly challenging [32]. Varrias et al.
demonstrated that sinus tachycardia is primarily regarded as a normal physiological aspect
of pregnancy, but it is linked to adverse outcomes [33]. Therefore, a thorough assessment of
the medical history, physical examination, laboratory evaluation, and diagnostic imaging
are essential for the precise and prompt diagnosis of PE in pregnant women. The PERC
(PE rule-out criteria) rule, used in the overall population to exclude PE in cases with a
low pre-test probability, is insufficient during pregnancy [34]. Neglecting or missing a
PE diagnosis can be fatal for both the mother and the child, whereas the careless use of
imaging tests can expose both the mother and fetus to radiation [35]. A few rules of pre-test
probability assessment have been proposed for pregnant patients with a working diagnosis
of PE (Table 1).
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YEARS is an algorithm that can help in the treatment decision, which uses three
clinical parameters: (1) clinical signs of DVT; (2) hemoptysis; (3) PE being the most probable
diagnosis, in conjunction with the D-dimer levels. With this algorithm, PE can be excluded
if all three criteria are absent and the D-dimer level is less than 1000 ng/mL, or if one
or more of the three elements are present and the D-dimer level is <500 ng/mL. If PE
cannot be ruled out by the YEARS criteria, further investigations need to be pursued [40].
Pregnant women with suspected PE and criteria for hemodynamic instability face a high
risk of mortality in the initial hours and days. Therefore, it is recommended to start heparin
anticoagulation without delay in those cases with a high or intermediate clinical probability
of PE, even prior to confirming the diagnosis, while diagnostic tests are ongoing [27].

7. Risk Stratification of Pregnancy-Associated Pulmonary Embolism

Risk stratification is crucial to adjust the best possible treatment of acute PE. It should
take into consideration the impact of the elevated right ventricular (RV) afterload on RV
performance, because the main cause of mortality in acute PE is circulatory failure [41].

The current European guidelines propose a two-step risk assessment approach [27].
High-risk PE is defined by the presence of hemodynamic instability or cardiac arrest, where
reperfusion therapy is of utmost importance (systemic thrombolysis) because of the sig-
nificant risk of mortality in the acute phase. Current criteria, aside from cardiac arrest,
include obstructive shock with associated inadequate end-organ perfusion or persistent
hypotension, defined as a systolic blood pressure (BP) < 90 mmHg or a fall in the systolic
BP ≥ 40 mmHg without an alternative etiology. Intermediate-risk PE identifies hemody-
namically stable patients, in which the presence of RV dilatation, increased troponin or
increased B-type natriuretic peptide (BNP), or N-terminal-proBNP (NTproBNP) should
emphasize careful hemodynamic monitoring due to the enhanced risk of short-term clinical
deterioration. The reminder of PE patients are classified as low risk.

There is no research study that proves that this risk stratification applies to pregnancy-
associated PE, but indirect evidence encourages that the physiological changes in pregnancy
should not alter the current clinical assessment approach of hemodynamic compromise
employed to identify high-risk PE [41].

Cardiac output increases by 50% during pregnancy to satisfy the metabolic demands
of both the mother and the fetus. The heart rate rises, cardiac preload is elevated based
on the increased blood volume, and cardiac afterload is decreased through a drop in
systemic vascular resistance. This hyperdynamic state is associated with left ventricular
eccentric remodeling [42]. Shortly after delivery, the hemodynamic parameters revert to
pre-pregnancy levels. Because of this, the 90 mmHg threshold used to define high-risk PE
is suitable in the context of pregnancy [41].

The biomarker criteria that indicate an intermediate risk of PE can also be applied
during pregnancy. Troponin and NT proBNP fluctuate mildly during pregnancy and the
postpartum period, and the 95th percentile stays under the non-gravid threshold levels
of 14 ng/L and 300 ng/L, respectively [43]. Concerning RV dilatation, all heart chambers
enlarge during pregnancy, including right heart dimensions [42]. Because the change in
volume in left and right cavities is similar, it is not expected that the physiological RV/LV
ratio will be altered in pregnancy [41].

Fetal distress can also indicate end-organ hypoperfusion. It is therefore proposed
that, in late pregnancy, an obstetrical assessment of the fetal status using ultrasound
and cardiotocogram should be performed, for the risk stratification of severe pregnancy-
associated PE [41].

8. Diagnosis

Ongoing discussions in clinical practice focus on determining the most appropriate
imaging modality for ruling out or diagnosing PE during pregnancy. The challenges
associated with various modalities will be briefly discussed to aid in clinical decision-
making [44].
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A chest X-ray should be conducted to exclude other conditions, such as pneumonia or
pneumothorax, that present with similar symptoms to those of PE. It should be noted that
in up to 50% of cases, the thoracic X-ray can appear normal. The most frequent radiological
findings in PE are pleural fluid accumulation, pulmonary edema, basal atelectasis, and
localized opacities [45].

The electrocardiogram may suggest and strengthen the diagnosis of PE, with changes,
such as sinus tachycardia, right bundle branch block, rightward axis deviation, or the
S1Q3T3 pattern. It is important to highlight that these changes may not be present even in
cases of a massive embolism [46].

Lung ultrasound (LUS) could potentially help in excluding or confirming some of
the alternative diagnoses of PE, such as pleural effusion, pneumothorax, or interstitial
syndrome, including pulmonary edema [47]. Moreover, the A profile in the BLUE protocol
for LUS in conjunction with a positive DUS scan has 81% sensitivity, 99% specificity, and
98% negative predictive value for PE in non-pregnant patients [48]. Currently, there are no
available protocols for LUS in pregnancy except for COVID-19 disease management [49].
However, a combination of POCUS (point of care ultrasound) with LUS, transthoracic
echocardiography, and DUS could potentially improve the diagnostic accuracy, in addition
to reducing the time to diagnosis of PE with a lower radiation-associated risk for the mother
and fetus.

In patients with hemodynamic instability, a transthoracic echocardiography (TTE)
should be conducted, as it can rapidly detect acute RV dysfunction if acute PE is the cause
of the hemodynamic deterioration [27]. When no imaging signs of RV dysfunction are
identified, other causes of hemodynamic instability, such as acute coronary or aortic syn-
dromes, pericardial tamponade, and acute valvular conditions, can be evaluated by TTE as
well [32]. If PE is indirectly confirmed, all PE patients with hemodynamic compromise are
considered for a rescue thrombolytic treatment, in the absence of contraindications. How-
ever, if a contraindication exists, alternative treatment options should be reviewed, such as
percutaneous thrombectomy. Nonetheless, cardio-pulmonary resuscitation is necessary in
patients with hemodynamic collapse and concomitant cardiac arrest, due to the very limited
treatment options. Even though pregnancy is considered a relative contraindication for
systemic thrombolytic treatment, current guidelines still suggest considering thrombolysis
or surgical embolectomy as the primary reperfusion strategies in these patients [32]. A
recent analysis of a contemporary cohort shows that 1 in 3 pregnant women with PE and
hemodynamic instability underwent systemic thrombolysis [50].

In women with suspected PE, the key components of the diagnostic algorithm are the
assessment of pre-test clinical probability, combined with high-sensitivity D-dimer testing
and bilateral lower limb CUS (Figure 1). If a high or intermediate pre-test probability exists,
therapeutic anticoagulation should be started before waiting for the confirmation or ruling
out the diagnosis [51]. In the presence of signs or symptoms of DVT, CUS needs to be carried
out. If DVT is identified, the diagnosis of PE is indirectly confirmed. If proximal DVT is
not identified or the CUS is not conclusive, thoracic X-ray and then ventilation/perfusion
scintigraphy (V/Q scan) or CTPA are the recommended imaging modalities to rule out
suspected PE. However, due to a low prevalence of confirmed PE in pregnant women (2
to 7%), several diagnostic challenges emerge, which translate in the different algorithms
proposed for the confirmation of PE in pregnancy by the current guidelines [32,52]. Recently,
a multicenter prospective study validated a diagnostic approach for pregnant women with
suspected PE. This strategy combined a pre-test clinical probability assessment using the
Geneva score, with high-sensitivity D-dimer tests, CTPA, and CUS (see Table 1). In cases
with low or intermediate pre-test clinical probability combined with a negative D-dimer
test result, PE was ruled out. All remaining patients underwent lower limb CUS; if this
was negative, CTPA was performed. The study included 395 women, with PE confirmed in
28 (7.1%) and excluded in 367 (92.9%). Among untreated women with excluded PE, the
rate of symptomatic VTE events was 0.0%. Thus, this diagnostic algorithm effectively rules
out PE in pregnancy [26]. However, it is important to note that normal D-dimer values
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have been observed in patients with confirmed PE [53] further emphasizing the need for a
systematic and individualized approach to the pregnant patient with suspected VTE.

Figure 1. Proposed algorithm for the diagnosis of pulmonary embolism in pregnancy. CTPA—
computer tomography pulmonary angiography, DUS—Doppler ultrasound, PAG—pregnancy-
adapted Geneva score, V/Q—ventilation-perfusion; * See Tables 2 and 3.

Table 2. Anticoagulant options for VTE during pregnancy. APTT—activated partial thromboplas-
tin time; DOAC—direct oral anticoagulant; INR—international normalized ratio; LMWH—low
molecular weight heparin; UFH—unfractioned heparin; VKA—vitamin K antagonist; VTE—venous
thromboembolism; kg—kilogram; i.v.—intravenous. & Based on the early pregnancy weight (8–12
weeks). * Fondaparinux can be used exceptionally in pregnancy in patients with heparin-induced
thrombocytopenia [17,22,50].

Anticoagulant Prophylactic Dose Therapeutic Dose & Recommended
during Pregnancy

Recommended
during

Breastfeeding

Crossing of the
Placental
Barrier

UFH
3 × 5000 Units/day
2 × 7500 Units/day

80 Units bolus i.v.,
followed by

18 Units/kg/h i.v.

Target APTT:
1.5–2 × baseline

Yes Yes No

LMWH Yes Yes No

- Dalteparin 1 × 5000 Units/day 1 × 200 Units/kg/day
2 × 100 Units/kg/day

- Enoxaparin 1 × 4000 Units/day 2 × 100 Units/kg/day
1 × 150 Units/kg/day

- Nadroparin 1 × 2850 Units/day 2 × 85 Units/kg/day

- Tinzaparin 1 × 4500 Units/day 1 × 175 Units/kg/day
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Table 2. Cont.

Anticoagulant Prophylactic Dose Therapeutic Dose & Recommended
during Pregnancy

Recommended
during

Breastfeeding

Crossing of the
Placental
Barrier

FONDAPARINUX 1 × 2.5 mg/day

<50 kg: 1 × 5 mg/day
50–100 kg:

1 × 7.5 mg/day
>100 kg: 1 × 10 mg/day

No * Yes Yes

VKA - INR between 2–3
Preferably <5 mg/day

No past 6 weeks
gestation. First

trimester
embriopathy

Can be taken into
consideration in

women with
mechanical heart

valves

Yes Yes

DOAC - - No No Yes

The current ESC guidelines suggest that in pregnant women with suspected PE, an X-
ray should be first performed. If the X-ray results are normal, a V/Q scan is recommended
due to its low radiation exposure to both the fetus and the mother. If the X-ray reveals
abnormalities, such as pulmonary opacities or infiltrates, a CTPA should be conducted
directly [27]. Unfortunately, a V/Q scan at the point of care has a low availability, even
more so outside working hours, which makes CTPA a frequent first choice as a diagnostic
tool for PE suspicion [30].

9. Differential Diagnosis

The differential diagnosis of DVT in pregnant women is similar to that outside preg-
nancy. Several disorders presenting with warmth, erythema, edema, and pain in the lower
limb, flank, pelvis, or back should be excluded. Such conditions can be superficial throm-
bophlebitis, cellulitis, lymphatic oedema, chronic venous disease, aneurysm of the popliteal
vein or artery, Baker’s cyst, lymphadenopathy, hematoma, or muscle tears [11].

The clinical presentation of DVT in pregnancy can also resemble normal manifestations
in pregnancy, such as cramps and lower limb swelling.

Symptoms of PE in pregnancy can range from mild dyspnea to severe shock. Other
conditions that can mimic PE are pneumothorax, heart failure, peripartum cardiomyopathy,
pneumonia, and acute aortic syndrome. It is crucial to recognize that PE can occur in
conjunction with other disorders [11].

10. Treatment

10.1. Management of VTE in Pregnancy

The primary treatment for acute VTE during pregnancy and the post-partum period
is anticoagulation (Table 2). The selection of the anticoagulant agent is determined by a few
factors, including the anatomical location, extension and severity of the thrombosis, the
gestational age, and the possible risks to the fetus.

Heparin, preferably LMWH, is to be used, although UFH can be used as well, since
neither agent crosses the placental barrier [54]. This differs from anti-vitamin K oral an-
ticoagulant (AVK) warfarin that can cross the placenta and has the potential to cause
severe complications, such as stillbirth, miscarriage, teratogenicity, pregnancy loss, neu-
rodevelopmental deficits, and excessive bleeding. Nonetheless, warfarin can be used
during breastfeeding.
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The direct oral anticoagulants (DOACs) pass through the placenta and are not rec-
ommended in pregnancy [54]. Moreover, LMWH is preferred as a first-line treatment
for preventing and treating VTE in pregnancy instead of UFH because it exhibits a lower
risk of adverse effects, such as hemorrhage, osteoporosis, heparin-induced thrombocy-
topenia and allergic reactions [55]. The initial dose of UFH is established according to
the patient’s weight and then changed based on to the activated partial tromboplastin
time (aPTT). Conversely, the dose of LMWH is based on the patient’s early pregnancy
body weight (8–12 weeks of gestation) and administered twice daily, mostly without mon-
itoring. However, monitoring the anti-activated coagulation factor X can be taken into
account in patients with extreme body weights, significant renal impairment, or recurrent
thromboembolic events [27].

Fondaparinux is another indirect factor Xa inhibitor, but its use during pregnancy is
not routinely indicated as there is little evidence regarding efficacy and safety and a minor
transplacental passage has been shown [56]. Therefore, it is not considered a first-line
anticoagulant; however, it can be used with caution as an alternative choice for patients
with heparin-induced thrombocytopenia [27].

The anticoagulant treatment duration in VTE and PE associated with pregnancy ranges
from 3 to 6 months, including up to six weeks after delivery [9]. AVK and LMWH are
recommended after delivery, while DOACs should neither be used during pregnancy nor
during lactation. Extended anticoagulation is reserved for women with a history of VTE and
two or more thrombophilias or for women with history of recurrent thrombotic events and
any thrombophilia or women diagnosed with antiphospholipid antibody syndrome [57].

Several clinical situations require the careful assessment of risk versus benefit of
anticoagulation for VTE in pregnancy, such as active bleeding or high-risk of bleeding:
obstetrical risk factors, like placenta praevia, a low platelet count (bellow 75 × 109) or
acquired coagulopathy, severe liver disease (with increased prothrombin time), a history of
allergy, stroke in the past 28 days, or inadequately controlled hypertension (BP more than
200 mmHg systolic or 120 mmHg diastolic) [16].

Pregnant women with VTE need careful monitoring to evaluate their response to
treatment, prevent recurrent VTE, and address potential complications. The nature and
complexity of monitoring depends on a number of variables, including VTE severity,
the type of anticoagulant administered, and the gestational age of the fetus [54]. Other
important aspects to consider during follow-up are the coagulation parameters, as well as
routine periodic fetal surveillance to evaluate fetal growth and welfare.

Non-pharmacological treatment is also important in managing VTE symptoms in
pregnancy. Compression stockings may assist in reducing the risk of post-thrombotic
syndrome and alleviating symptoms, such as leg swelling or pain [58].

Additionally, pregnant women with VTE should be provided with information regard-
ing the clinical aspects of recurrent VTE and be instructed to request medical assistance in
the case of new or worsening symptoms [59].

10.2. Management of PE in Pregnancy

The management of acute PE in pregnancy requires a comprehensive clinical assess-
ment and risk evaluation, incorporating the hemodynamic status, RV function and size,
imaging, biomarkers, and validated scoring systems for PE severity stratification [27]. A
multidisciplinary approach consisting of cardiology, obstetrics, pulmonology, vascular
medicine, hematology, anesthesiology/intensive care, cardiothoracic surgery, and interven-
tional radiology is essential for decision making (Figure 2) [6].
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Figure 2. Proposed therapeutic management according to the pulmonary embolism severity. LMWH—
low molecular weight heparin, UFH—unfractioned heparin.

Patients with acute low-risk PE, characterized by stable hemodynamics, normal RV
function, and no end-organ damage, can be managed with LMWH or with UFH as an
alternative option. These patients could potentially be managed on an outpatient basis [54].

Patients with hemodynamic stability but exhibiting RV strain on echocardiography or
those with clinically severe PE—including oxygen saturation < 90%, tachycardia, tachypnea,
numerous risk factors, or concurrent disease, such as old age, cancer, heart failure, or chronic
pulmonary disease—are classified as intermediate risk. If troponin is elevated and RV
dilatation/dysfunction is present, patients are additionally stratified into intermediate-
high-risk groups as opposed to intermediate-low-risk groups in which troponin levels are
normal. Sole anticoagulation is the mainstay treatment for intermediate-low-risk groups,
while intensive monitoring is necessary for patients in intermediate-high-risk groups due
to the potential for clinical worsening [27].

High-risk PE in pregnancy can be severe, with a case-fatality rate reaching as high
as 37% [50]. If hemodynamic instability is present, UFH is administered as the primary
treatment. Thrombolytic agents may be used if the hemodynamic status deteriorates. Im-
mediate thrombolytic therapy is advised, provided there are no absolute contraindications
to systemic thrombolysis [27].

Other treatment options of high-risk PE should be taken into account, such as surgi-
cal or percutaneous thrombectomy. If necessary, extracorporeal membrane oxygenation
(ECMO) should be considered for depressurizing the RV and lung circulation [5]. Even
though pregnancy is listed as a relative contraindication for thrombolysis, in women with
circulatory collapse accompanied by cardiac arrest and the need for cardiopulmonary
resuscitation, there are no alternative treatment possibilities [32]. Recent data demonstrated
that as much as a third of high-risk PE women undergo systemic thrombolytic treatment.
Nonetheless, thrombolysis seems to be associated with a favorable outcome, with 94%
maternal survival and 88% fetal survival. Frequent side effects following thrombolytic
treatment are bleeding complications, with a reported frequency of 18% during pregnancy
up to 58% of cases in the post-partum period [5].

The peripartum period, along with spinal and epidural anesthesia, carries a high risk
of bleeding; thus, thrombolysis should be performed peripartum only in a life-threatening
situation [32]. Fibrinolytic drugs do not cross the placental barrier, so the fetal risk is
low [60]. However, the lack of studies rule out conclusions regarding the safety profile and
efficacy of thrombolysis in pregnancy high-risk PE. Therefore, important maternal or fetal
adverse reactions cannot be extrapolated on for the use of a thrombolytic agent only [32].

If absolute contraindications are present, other treatment strategies need to be pro-
vided, such as percutaneous low-dose thrombolysis (CDT), surgical embolectomy, or
thrombectomy [61]. Several small studies confirmed that CDT, in intermediate- and high-
risk PE, is associated with better outcomes concerning bleeding complications compared to
systemic thrombolysis [62]. In the post-partum period, surgical pulmonary embolectomy
and percutaneous thrombectomy can be considered suitable treatment options to mitigate
the hemorrhagic risks associated with systemic thrombolytic therapy. Nonetheless, these
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methods are usually not readily available and are used only in a life-threatening situation
as a bailout therapeutic strategy [5].

In cases with hemodynamic instability where reperfusion therapy is not available or
effective, recent data suggest that a bridging therapy with the transit use of mechanical
circulatory support via ECMO can improve outcomes until mechanical thrombolysis or
embolectomy is available [63]. ECMO has not been widely used in patients with acute
high-risk PE and pregnancy. Limited date from a systematic review of 21 pregnant women
with PE report a maternal survival rate of 76%, and a fetal survival rate of 63% with the use
of ECMO [41]. Table 3 describes the current options for the treatment of high-risk PE with
hemodynamic instability.

Table 3. Treatment for high-risk PE with hemodynamic instability. LMWH—low-molecular-weight
heparin; UFH—unfractioned heparin; PE—pulmonary embolism.

Technique Description

Anticoagulation

UFH is a first-line anticoagulation therapy in a patient with
hemodynamic instability. Since they do not penetrate the
placental barrier, they are safe during pregnancy and
breastfeeding [53]. Can be given both intravenously or
subcutaneously [44].

Thrombolytic treatment

Systemic thrombolysis is recommended only for high-risk
patients with hemodynamic instability [27]. In patients with
massive PE, favorable maternal outcomes were observed. The
rate of maternal survival is approximatively 92% [5]. Lethal
complications, including cardiac arrest or severe maternal
hemorrhage, may arise [44].
Alteplase is given at a dose of 100 mg administered over two
hours [41].

Catheter-directed therapy
(CDT)

In high-risk patients where thrombolysis and anticoagulation
have failed or are contraindicated, CDT can be beneficial [64]. The
incidence of major hemorrhage is infrequent, about 18% [65].
The devices use mechanical fragmentation, aspiration, or
thrombolytic infusion [44]. Should be conducted only in
experienced centers [41].

Surgical thrombectomy

It is particularly taken into account for treating PE during
pregnancy when anticoagulation is insufficient or the patient has
hemodynamic instability [66].
Surgical thrombectomy with cardiopulmonary bypass is typically
carried out without cardioplegia involving the removal of
pulmonary clots through surgical openings in the two primary
pulmonary arteries. Maternal survival occurred in about 86% of
patients [5].

Extracorporeal membrane
oxygenation (ECMO)

In patients with high-risk PE, it is regarded as a lifesaving
intervention [67]. Venous and arterial cannulas are inserted into
the inferior vena cava and the common femoral artery [44].
To improve outcomes, it can be combined with fibrinolysis or
embolectomy [68].
The most suitable indication for ECMO is unresponsive cardiac
arrest resulting from PE [44].

Inferior vena cava (IVC) filters can be taken into consideration in gravid women when
an absolute contraindication to anticoagulation is present or when recurrent PE occurs
despite optimal anticoagulant treatment in order to prevent further embolic events in the
pulmonary circulation. However, data on this approach are limited. In the RIETE registry,
recruiting between the years 2001 and 2019, a cohort of women with VTE, either pregnant
or in the postpartum period, only one patient from the 34 receiving an IVC filter had
a complication (vein tear during filter recovery) [14]. In a systematic review analyzing
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124 pregnant women with DVT who underwent an IVC filter implantation, no fatal PE
occurred after device placement, and the complication rates from retrieval were similar
with those observed in the general population. The most common adverse events are
migration, perforation, fracture, or death [69]. However, despite the authors’ conclusion
that IVC filters can be used effectively in pregnant women to prevent PE, more studies are
needed to suggest that they can be used routinely [70].

In general, the evidence supporting advanced therapeutic options in pregnant women
with high-risk PE is lacking. Due to the complexity of diagnosis and treatment, optimal
treatment strategies should be individualized and based on a multidisciplinary team
approach with expertise in managing PE during pregnancy [27].

11. Conclusions

It is widely acknowledged that pregnancy involves physiological changes that increase
the risk of thromboembolic events. VTE, as well as its complications, is an important cause
of morbidity and mortality in the mother and the fetus. Hence, it is crucial to promptly and
accurately identify women for whom preventive anticoagulation would be beneficial. PE is
a rare event, but with a high-risk of mortality, especially during pregnancy. The diagnosis of
acute PE in pregnant women can be difficult due to significant overlap between symptoms
due to embolism and symptoms secondary to the inherent anatomical and physiological
changes in pregnancy; a tailored diagnostic algorithm should be implemented based on
currently available pre-test probability assessment tools along with D-dimer testing, DUS,
CTPA, and V/Q scans. However, PE with hemodynamic instability is a major emergency,
and this diagnosis needs to be established as soon as possible, utilizing the appropriate
diagnostic tools in order to implement a prompt and immediate reperfusion strategy. Al-
though pregnancy is regarded as a relative contraindication for thrombolysis, it should
still be considered for pregnant women with high-risk PE, alongside other therapeutic ap-
proaches, including low-dose CDT, surgical embolectomy, or percutaneous thrombectomy.
Overall, decision-making should be supported by a multidisciplinary approach, informed
by guideline recommendations and currently available data, with careful consideration of
the benefits and risks of the mother, as well as the fetus, available resources, and the level
of expertise.
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Abstract: Background: Stroke is one of the most misdiagnosed conditions that causes serious medical
disabilities. Its early and accurate diagnosis by the emergency team is crucial for the patient’s survival.
This study aimed to determine the percentage of brain strokes incorrectly diagnosed by paramedic
teams and to analyze the factors influencing incorrect diagnoses. Methods: The data of 103 patients,
mean age of 68.4 ± 14.96 years, admitted in 2019 to hospital emergency departments of the two
hospitals in Olsztyn, Poland, were analyzed retrospectively. All patient data were obtained from
their information cards. The parameters of the patients misdiagnosed and accurately diagnosed by
paramedics were analyzed with Odds Ratio (OR) calculations using IBM SPSS version 23 software.
Results: Stroke and transient ischemic attack were recognized in 77 cases (74.8%). In 26 patients
(25.2%), the diagnosis made in the ambulance differed from that made in the hospital ward. The
analysis of the Odds Ratio (OR) has shown that typical stroke risk factors, if present in a patient,
facilitate the correct diagnosis. The greatest source of misdiagnosis of stroke by the paramedic
team was the lack of hemiplegia (OR = 6.0). Conclusions: The absence of typical stroke risk factors
and neurological stroke symptoms, such as smoking, hemiplegia, aphasia, hypercholesterolemia,
arrhythmia, diabetes or a drooping corner of the mouth, constitutes a high risk of misdiagnosing
stroke by the paramedic team.

Keywords: stroke; stroke risk factors; emergency medicine; neurological stroke symptoms; incorrect
diagnosis

1. Introduction

Stroke remains the second leading cause of death and, when adjusted for disability-
adjusted life years (DALYs), the third leading cause of death and disability combined
worldwide [1,2]. Shortly before the SARS-CoV-2 pandemic in 2019, 81,182 patients were
admitted to hospitals in Poland due to stroke. Data from 2010 to 2019 reveal that 86.2%
of those hospitalized for stroke had an ischemic stroke (IS) and 13.8% had a hemorrhagic
stroke (HS) [3].
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Paramedics have to rely on the patient’s medical history, risk factors and physical
examination to diagnose a stroke. Despite having a variety of different stroke diagnosis
tools, such as the Face, Arms, Speech, Time (FAST) test or Cincinnati Prehospital Stroke
Scale, in a considerable number of cases the primary diagnosis does not match the actual
condition of the patient [4]. According to many studies, stroke in a large number of patients
is suspected based on stroke mimics [5–11].

It is up to the paramedic team to determine the exact time that has elapsed since
the onset of symptoms. This is important because it affects the eligibility of patients for
thrombolytic therapy, and a prompt administration of recombinant tissue plasminogen
activator (rt-PA) increases its benefit. Early recognition is associated with markedly shorter
time until arrival at the stroke unit and it is a key to a successful treatment [4,12].

The aim of this study was to determine the percentage of incorrectly diagnosed strokes
by paramedics and to analyze the risk factors contributing to a misdiagnosis.

2. Materials and Methods

2.1. Design and Study Population

The study was a retrospective cohort analysis. The retrospective study “The lack of
stroke risk factors was the risk of incorrect diagnosis of stroke patients by the paramedics in
2019 in Olsztyn”, based on decision no. 2/2024 of the Ethics Committee of the University of
Warmia and Mazury in Olsztyn, which operates in accordance with the principles of Good
Clinical Practice and applicable law, did not require the consent of the Bioethics Committee
for this type of research. The data of patients admitted to emergency departments (EDs) in
two hospitals in Olsztyn, Poland, in 2019, in whom paramedics suspected a stroke, were an-
alyzed. This was the last year in Olsztyn before the SARS-CoV-2 pandemic, which excluded
the impact of this virus on the study results. The study population included 103 patients:
49 from the Ministry of Internal Affairs and Administration Hospital (the MSWiA Hospital)
in Olsztyn and 54 from the Regional Specialist Hospital (the WSS Hospital) in Olsztyn,
aged 23 to 97, with a mean age of 68.4 ± 14.96 years. There were 49 women (47.6%) and
54 men (52.4%). The managing directors of both hospitals provided written consent to
use patient files to conduct the analyses. The data were encoded by generating individual
patient ID codes before analysis.

2.2. Imaging in Stroke Patients

Both hospitals participating in the study had a CT scanner as well as an MRI scanner.
The decision to perform a specific examination was made by a neurologist. As is standard,
a CT scan without contrast was performed, and in the case of a high NIHSS score, it was
supplemented with an angioCT scan of the cerebral arteries, and in the case of possible
mechanical thrombectomy, a post-processing assessment of cerebral perfusion was per-
formed using the Brainomix system. MRI was performed in patients with wake-up stroke
symptoms and in doubtful cases suggesting, for example, posterior circulation stroke. If
the CT or MRI scan performed on the day of admission did not show a stroke, then after
48–72 h, an MRI scan was performed if possible or CT if there were contraindications
to MRI.

2.3. Data Collection

The data were retrieved from the medical archives of both hospitals. The criteria for
including patients in the analyses were a diagnosis of “stroke” without a stroke specifica-
tion made by paramedics and patients with a final diagnosis (ischemic or hemorrhagic) or
transient ischemic attack (TIA) made in the hospital ward. No patients were excluded from
either group. All patient data were obtained from patients’ information cards, medical
rescue cards, hospital ED cards and hospital discharge cards. The collected data included:
gender; place of residence (urban or rural area); age; clinical signs (consciousness, visual dis-
turbances, anisocoria, hemiplegia, aphasia, a drooping corner of the mouth or orientation)
and the side of their occurrence, if applicable; initial prehospital and hospital discharge
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diagnoses (ICD-10); diagnosis consistency (correct or incorrect); presence of comorbidities;
time since the last stroke; vital parameters measured before admission to the hospital
ward (SBP—systolic blood pressure, DBP—diastolic blood pressure, MAP—mean arterial
pressure, PP—pulse pressure, HR—heart rate, SaO2—oxygen saturation, RR—respiratory
rate, BGL—blood glucose level); smoking; hospitalization ward; and death (yes or no). No
sensitive data were included in the tables.

2.4. Data Analysis

Statistical analyses were performed with the use of the IBM SPSS Statistics version
23 software (IBM, New York, NY, USA). The Kolmogorov–Smirnov test was used to test
the normality of variable distributions. To compare the means of the analyzed parameters
with the normal distribution (age, PP) between the groups of patients, the t-Student test
was used. For unpaired measurements with a non-normal distribution of results (other
parameters), the differences in median values were compared with the non-parametric
U-Mann–Whitney test. Correlation analyses were performed using Pearson’s correlation
coefficient and Spearman’s correlation coefficient in the case of non-normal distribution.
The Odds Ratio (OR) was calculated for the analyzed risk parameters of an incorrect
diagnosis by paramedics. The description of the OR calculation can be found in the
Supplementary Materials.

To determine significant differences (pchiQ) in the categorical binary variables (yes/no),
a Chi-Square test was used.

The result of the analyses was considered statistically significant at p < 0.05.

3. Results

3.1. Gender Distribution

The study population consisted of 103 patients: 54 males (52.4%) and 49 females
(47.6%). The differences between male and female patients were not significant. The only
clinical parameter that varied significantly (p = 0.04) between genders was RR. The mean
RR was 15.17/min ± 2.50/min in females, while in males it was 16.65/min ± 2.75/min.
Clinical characteristics of the study population collected by paramedics are presented
in Table 1.

Table 1. Clinical characteristics of the study population collected by paramedics.

Parameter N Min Max Mean SD Median IQR (25, 75)

Age [years] 103 23 97 68.40 14.96 70.00 (58, 78)
SBP [mmHg] 103 100 260 156.04 28.49 155.00 (137, 174)
DBP [mmHg] 103 54 150 87.72 17.25 88.00 (80, 95)
MAP [mmHg] 103 43 167 110.49 18.88 107.33 (98.33, 120.67)

PP [mmHg] 103 20 160 68.32 22.48 70.00 (50, 80)
HR [1/min] 103 55 150 83.60 17.71 80.00 (70, 94)

SaO2 [%] 84 90 99 94.17 13.,87 97.00 (95, 98)
RR [1/min] 72 10 24 15.93 2.72 16.00 (14, 18)

BGL [mg/dL] 73 37 380 140.66 52.80 126.00 (111, 156.5)

SBP—systolic blood pressure, DBP—diastolic blood pressure, MAP—mean arterial pressure, PP—pulse pres-
sure, HR—heart rate, SaO2—oxygen saturation, RR—respiratory rate, BGL—blood glucose level, SD—standard
deviation, IQR—inter quartile range (25th percentile, 75th percentile).

3.2. Comparison of Parameters Depending on the Place of Further Treatment

SBP was the only clinical parameter significantly (p = 0.034) different between patients
treated in the MSWiA Hospital and the WSS Hospital in Olsztyn. Patients with higher SBP
tended to be transported to and treated in the MSWiA Hospital. The mean SBP for patients
hospitalized there was 161.2 mmHg ± 30.5 mmHg, while for patients treated in the WSS
Hospital in Olsztyn it was 151.4 mmHg ± 26.0 mmHg. Gender and place of residence
were not decisive factors in the distribution of patients to these hospitals. Age was the only
parameter that differed between urban and rural residents. Patients with suspected stroke
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who lived in rural areas were tendentiously (p = 0.068) on average 5 years older than those
who lived in cities (70.96 years ± 15.23 and 65.57 years ± 14.29, respectively).

3.3. Analysis of Prehospital Recognition of Stroke

Comparing the initial ICD-10 diagnosis made by the paramedics to the final ICD-10
diagnosis included in hospital discharge documents, the accuracy of the initial diagnosis
was analyzed in two different variants:

(1) The number of entirely dissimilar diagnoses was assessed, i.e., it was analyzed
whether the initial diagnosis and the final one referred to the same disease. The
diagnosis of unspecified stroke (ICD-10 I64) was considered to match when the final
diagnosis was also a specified type of stroke (ischemic or hemorrhagic) or transient
ischemic attack (TIA) (Table 2).

Table 2. Compatibility between the initial (paramedics) and final (hospital) diagnoses.

Correct Diagnosis n (N = 103) [%]

yes 85 82.5

no 18 17.5

According to the data collected, 18 patients initially received an entirely different
diagnosis than the one provided at hospital discharge. That group constituted 17.5% of
cases. In the remaining 85 cases (82.5%), the initial diagnosis was accurate (Table 2).

The chosen hospital to which the patient was admitted did not affect the accuracy
of the diagnoses made by paramedics, which differed from the one made in the hospital
setting in all of those cases. The number of patients whose diagnoses differed is placed in
brackets in each ICD-10 code category.

The diagnoses with the number of cases (N) made in the hospital setting that varied
from the initial diagnosis of stroke by paramedics (ICD-10 I64) were as follows:

• G45.4 Transient global amnesia (N = 3);
• G45 Transient cerebral ischemic attacks and related syndromes (N = 4);
• G40.1 Localization-related (focal/partial) symptomatic epilepsy and epileptic syn-

dromes with simple partial seizures (N = 1);
• R47.8 Other and unspecified speech disturbances (N = 1);
• G40.9 Epilepsy, unspecified (N = 2);
• Z30.9 Contraceptive management, unspecified (N = 1);
• G44.8 Other specified headache syndromes (N = 1);
• Z03.3 Observation for suspected nervous system disorder (N = 1);
• R47.8 Other and unspecified speech disturbances (N = 2);
• I63.5 Cerebral infarction due to unspecified occlusion or stenosis of cerebral arteries

(N = 1);
• In one case, when the paramedics diagnosed a patient with fracture of the skull and

facial bones (ICD-10 S02), the final hospital diagnosis was G45.9 Transient cerebral
ischemic attack, unspecified (N = 1).

(2) It was assessed how many initial diagnoses of stroke without a precise distinction
between the stroke type and TIA were confirmed in the hospital ward [1]. Among 103
analyzed patients, stroke was confirmed in the hospital setting in 62 cases (60.2%) and
TIA in 15 (14.6%). A total of 26 cases (25.1%) were not diagnosed as cerebrovascular
episodes at all (Table 3).
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Table 3. Compatibility between the initial and final diagnoses of stroke or TIA.

Diagnosis n (N = 103) [%]

Stroke 62 60.2
TIA 15 14.6

CVA mimics 26 25.2
CVA mimics—other diseases that mimic symptoms of a cerebrovascular accident. The clinical parameters did not
vary significantly between patients with accurate and inaccurate diagnoses of stroke or TIA.

The analysis of the group diagnosed with TIA revealed a statistically significant
difference in assigning patients to the hospitals for further treatment (pchiQ = 0.005), since
13 out of 15 patients with TIA (86.6%) were treated in the WSS Hospital in Olsztyn and only
2 out of 15 (13.33%) were admitted to the MSWiA Hospital. Among patients diagnosed
with stroke and other diagnoses, there were no statistically significant differences in terms
of choosing the hospital for further treatment (diagnosis of stroke: p = 0.43; unrecognized
stroke: p = 0.20).

3.4. Factors Affecting the Diagnosis

The most important analysis performed in the study focused on factors that help
recognize stroke in prehospital conditions and those that hinder the correct diagnosis.
Diagnostic accuracy was not influenced by factors such as the age and gender of the
patients, their place of residence and the hospital that the patient was transported to.

The study group, i.e., patients who were not diagnosed with stroke by paramedics,
consisted of 26 people. The control group, in which the diagnosis of stroke/TIA was made
correctly in prehospital care, included 77 patients. The total number of studied cases was
103 for each analyzed risk factor, apart from a drooping mouth corner and aphasia, where
the documentation was incomplete in one case. For those factors, the studied population
was 102 patients (Table 4, Figure 1).

Table 4. Factors influencing the diagnosis process by paramedic members.

Syes Cyes Sno Cno OR

No hemiplegia 13 11 13 66 6.00
No drooping mouth

corner 21 37 5 39 4.43

Aphasia 17 23 9 53 4.35
Non-smoker 11 37 1 12 3.57

No arrhythmia 21 43 5 34 3.32
No hypercholesterolemia 23 54 3 23 3.27
No arterial hypertension 11 20 15 57 2.09

No diabetes mellitus 21 52 5 25 2.02
Conscious 24 66 2 10 1.82

No anisocoria 25 72 1 5 1.74
No previous stroke 21 55 5 22 1.68

Disturbed orientation 15 39 11 38 1.33
Visual disturbances 5 13 21 64 1.17

No visual disturbances 21 64 5 13 0.85
Preserved orientation 11 38 15 39 0.75

Previous stroke 5 22 21 55 0.60
Anisocoria 1 5 25 72 0.58

Unconscious 2 10 24 66 0.55
Diabetes mellitus 5 25 21 52 0.50

Arterial hypertension 15 57 11 20 0.48
Hypercholesterolemia 3 23 23 54 0.31

Arrhythmia 5 34 21 43 0.30
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Table 4. Cont.

Syes Cyes Sno Cno OR

Smoker 1 12 11 37 0.28
No aphasia 9 53 17 23 0.23

Drooping mouth corner 5 39 21 37 0.23
Hemiplegia 13 66 13 11 0.17

Syes—study group of patients with stroke symptoms or risk factors but incorrectly diagnosed by paramedics.
Sno—study group of patients with no stroke symptoms or risk factors and incorrectly diagnosed by paramedics.
Cyes—control group of patients with stroke symptoms or risk factors and correctly diagnosed by paramedics.
Cno—control group of patients with no stroke symptoms or risk factors and correctly diagnosed by paramedics.
OR—Odds Ratio.

Figure 1. OR of making an incorrect diagnosis by paramedics. 1 smoking; 2 previous stroke;
3 hypercholesterolemia; 4 arrhythmia; 5 arterial hypertension; 6 diabetes mellitus; 7 preserved
orientation; 8 drooping mouth corner; 9 aphasia; 10 hemiplegia; 11 visual disturbances; 12 anisocoria;
13 conscious. Circle in diamonds: white—OR ≤ 0.5; gray—0.5 < OR < 1.5; black OR ≥ 1.5.

Based on the analysis of the relative risk of an incorrect diagnosis of stroke or TIA by
paramedics, the following observations were recorded:

• The consciousness of a patient was related to an increased risk of an incorrect diagnosis.
• The presence of anisocoria made it two-fold easier to recognize the stroke; however,

its absence was related to an increased risk of an incorrect diagnosis.
• Vision deficiencies or their absence did not affect the diagnostic process.
• Hemiplegia occurred in nearly every case in which stroke was correctly recognized

and turned out to be the most important factor in arriving at a correct diagnosis of
stroke. Absence of hemiplegia was related to the highest risk of a misdiagnosis out of
all the considered parameters.

• In the presence of aphasia, paramedics tended to make an incorrect diagnosis of stroke.
On the other hand, aphasia was the most important factor that led to an inaccurate
diagnosis as in the absence of aphasia the risk of an inaccurate diagnosis was low.

• A drooping corner of the mouth was a clinical sign associated with a high chance of
paramedics and hospital staff members making the same diagnosis; the absence of a
drooping corner of the mouth significantly increased the risk of an incorrect diagnosis
in prehospital care.

• A disturbed orientation of the patient contributed to a misdiagnosis, but a preserved
orientation did not influence the diagnostic process.

• If the patient was diabetic and their glucose level was high, a correct diagnosis was
made more often.

• Among patients with hypertension, stroke was diagnosed correctly, while in patients
with no hypertension, the risk of a misdiagnosis was high.
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• Arrhythmia is an excellent indicator of an accurate diagnosis. Its presence facilitated
making a correct diagnosis. In most cases, the detected arrhythmia was atrial fibrilla-
tion, which is an important risk factor for an ischemic stroke. Absence of arrythmia
raised the risk of misdiagnosis.

• Hypercholesterolemia increased the possibility of a correct diagnosis, while the normal
level of blood cholesterol in patients was related to a high risk of a mistake in the
prehospital recognition of stroke.

• A previous cerebrovascular incident had no influence on the diagnostic process; how-
ever, if it was the first cerebrovascular incident in the patient’s history, the risk of an
inaccurate diagnosis was high.

• If a patient was a cigarette smoker, the chances of a correct diagnosis were high,
while being a non-smoker lowered the probability of a recognition of stroke in
prehospital care.

4. Discussion

Time plays a crucial role in stroke recognition. An inaccurate diagnosis prolongs the
time that elapses from the onset of symptoms to hospital admission, and this can disqualify
a patient from receiving lifesaving rt-PA that can be administered only within the first 4–5 h
and maximally up to 6 h [4,12–14].

Our study established that, in 2019, the percentage of correct initial diagnoses made
by paramedics in Olsztyn was high and amounted to 82.5%, and in the case of stroke or
TIA it was 74.8%. A similar study performed in Poland by Karliński et al. revealed that
the work of paramedics in prehospital conditions showed a high diagnostic sensitivity
and positive predictive value (PPV), but lower than that of ambulance physicians and
higher than that of non-ambulance physicians. A diagnosis made by paramedics was
characterized by a sensitivity of 85% and a PPV of 72% [15]. Similar results were obtained
in previous studies [16–22], but it is important to consider the differences in organizational
structures of prehospital care among various countries.

The data presented above indicate that the absence of hemiplegia and the presence of
aphasia are associated with the highest probability of a misdiagnosis. For example, aphasia
was diagnosed to be associated with disorders of consciousness or dementia. This is also
reflected in the calculated CI values. Diagnostic accuracy was not influenced by factors
such as age, gender, place of residence and the hospital that the patient was transported
to. The presence of common risk factors for stroke—such as hypertension, diabetes, ar-
rhythmia, smoking and high cholesterol levels—facilitated an accurate diagnosis. Some of
the conditions that paramedics considered a stroke included epilepsy, dementia, aphasia
related to mental disorders and other vascular abnormalities affecting large arteries.

The analyses presented in the study raise the questions that need to be addressed
for correct diagnosis of stroke, including: how should paramedics correctly recognize a
stroke in patients who do not present with typical stroke symptoms? This is an important
question because these patients may have a greater chance of surviving a stroke or even
making a full recovery if the correct diagnosis is made promptly. In our opinion, prehospital
assessment scales, such as FAST, the Los Angeles Motor Scale or the Cincinnati Prehospital
Stroke Scale, designed to quickly identify patients eligible for thrombolytic therapy, rely
mainly on symptoms resulting from circulatory disorders in the middle cerebral artery
(MCA) or internal carotid artery (ICA) vascularization. These scales neglect the symptoms
of posterior circulation stroke and do not help in detecting symptoms of lacunar stroke.
On the other hand, paramedics who deal with patients with many different conditions
daily may have difficulty mastering more complex assessment scales, such as the National
Institutes of Health Stroke Scale (NIHSS) [23,24].

Additionally, a high workload causes burnouts and a tendency for paramedics to think
schematically, making it easier for them to suspect stroke in patients with typical stroke
symptoms. In our opinion, in addition to searching for more sensitive clinical assessment
scales, the continuous education of paramedics is important [25,26]. In our centers, this is
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achieved by performing a neurological examination of the patient, carried out by a neurolo-
gist already present in the ED at the time of patient’s arrival, in the presence of paramedics
and providing information to paramedics about the final diagnosis. While conducting
this study, mandatory training for paramedics was organized in Poland by the Ministry of
Health under the name of Good Practices in Managing a Patient with Suspected Stroke,
which unified the standard of practice for paramedics https://www.gov.pl/web/zdrowie/
dobre-praktyki-postepowania-z-pacjentem-z-podejrzeniem-udaru-mozgu (accessed on
31 December 2019).

Limitations

The limitation of this work is that it is focused on analysis of the risk of incorrect
diagnosis when diagnosing patients with suspected stroke by paramedics. In our study, the
subgroup of patients with an incorrect diagnosis by paramedics was particularly small for a
detailed comparative analysis of neurological symptoms and stroke risk factors in patients.
In the future, the scope of these analyses could be deepened in a larger research group.
The impact of the SARS-Cov-2 pandemic could also be taken into account in subsequent
studies, including multicenter studies. The Supplementary Materials include tables with
the results of analyses of neurological symptoms and stroke risk factors in the entire study
group of patients and in subgroups with correct and incorrect diagnosis by paramedics. A
significant limitation of these studies is the lack of information about stroke patients who
were not diagnosed with stroke by paramedics and were not transported to hospital for
further evaluation. This limitation should be addressed in future studies.

5. Conclusions

The absence of typical risk factors and symptoms for stroke in a patient, such as
smoking, hemiplegia, aphasia, hypercholesterolemia, arrhythmia, diabetes or a drooping
corner of the mouth, constituted a high risk of stroke misrecognition by paramedics in 2019
in Olsztyn. Development of more sensitive scales for stroke assessment is required for
eliminating stroke misdiagnosis.
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Karliński, M.; Kazmierski, R.; Kłysz, B.; et al. Wytyczne postępowania w udarze mózgu. Polski Prz. Neurol. 2019, 15, 1–156.
[CrossRef]

2. GBD 2019 Stroke Collaborators. Global, regional, and national burden of stroke and its risk factors, 1990–2019: A systematic
analysis for the Global Burden of Disease Study 2019. Lancet Neurol. 2021, 20, 795–820. [CrossRef] [PubMed]

3. Jermakow, N.; Maluchnik, M.; Sienkiewicz-Jarosz, H.; Karaszewski, B.; Wierzchowska-Cioch, E.; Ryglewicz, D. Trends of stroke
hospitalisation and fatality rates in young vs. elderly people in Poland during 2010–2019 decade. Neurol. Neurochir. Polska 2022,
56, 417–427. [CrossRef] [PubMed]

4. Magnusson, C.; Herlitz, J.; Sunnerhagen, K.S.; Hansson, P.O.; Andersson, J.O.; Jood, K. Prehospital recognition of stroke is
associated with a lower risk of death. Acta Neurol. Scand. 2022, 146, 126–136. [CrossRef]

5. Newman-Toker, D.E.; Moy, E.; Valente, E.; Coffey, R.; Hines, A.L. Missed diagnosis of stroke in the emergency department:
A cross-sectional analysis of a large population-based sample. Diagnosis 2014, 1, 155–166. [CrossRef]

6. Arch, A.E.; Weisman, D.C.; Coca, S.; Nystrom, K.V.; Wira, C.R., III; Schindler, J.L. Missed Ischemic Stroke Diagnosis in the
Emergency Department by Emergency Medicine and Neurology Services. Stroke 2016, 47, 668–673, Erratum in Stroke 2016, 47, e59.
[CrossRef]

7. Kozera-Strzelińska, D.; Karliński, M.; Rak, G.; Wojdacz, M.; Sienkiewicz-Jarosz, H.; Kurkowska-Jastrzębska, I. Stroke and TIA
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Abstract: Study design: Mechanical thrombectomy (MT) via the transbrachial approach (TBA) is a
very rare option used in cases of patients with aortic pathologies and acute ischemic stroke (AIS)
due to the insufficient evidence in the literature, the difficulty from a technical point of view and the
result of this technique influenced by the complications that frequently accompany it. Background:
Only a few cases of patients with aortic pathologies and acute ischemic stroke where MT via TBA
were reported in the literature, and its application in the emergency management of AIS has still not
been dealt with in detail. Objectives: Out of a need to clarify and clearly emphasize the effectiveness
of this approach in emergency MT via TBA in patients with AIS and aortic pathologies, this literature
review and case report has the following objectives: the first one is the presentation of an emergency
MT via transbrachial approach performed in a 44-year-old patient with AIS and diagnosed aortic
coarctation during transfemural approach (TFA), with successful reperfusion in our department
and the second one is to review the cases reports of patients with different aortic pathologies and
AIS reperfusion therapy performed by MT via TBA from the literature. Methods: A total of nine
cases (one personal case and eight published cases) were revised in terms of aortic pathologies
type, reperfusion therapy type, and the complication of both mechanical thrombectomy and local
transbrachial approach. Results: Mechanical thrombectomy through the transbrachial approach was
the first choice in more than half of these cases (55.55%, n = 5 cases) in the treatment of acute ischemic
stroke in the presence of previously diagnosed aortic pathologies. In one-third of all cases (33.33%,
n = 3, our case and 2 case reports from the literature), the transbrachial approach was chosen after
attempting to advance the guiding catheter through the transfemoral approach and intraprocedural
diagnosis of aortic pathology. In only one case, after an ultrasound evaluation of the radial artery
that showed a monophasic flow, MT was performed via TBA. Local transbrachial complication was
reported in one case, and in two other cases, it was not stated if there were such complications.
Hemorrhagic transformation of AIS was reported in two cases that underwent MT-only cerebral
reperfusion via TBA, one with acute aortic dissection type A and our case of previously undiagnosed
aortic coarctation. In the cases in whom short and long-term follow-up was reported, the outcome of
treatment, which was not exclusively endovascular (77.77% cases with only MT and 33.33% with
association of first thrombolysis and after MT), was good (six from nine patients). In two case reports,
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the outcomes were not stated, and one patient died after a long hospitalization in the intensive care
unit from respiratory complications (our patient). Conclusions: Being a clinical emergency, acute
ischemic stroke requires urgent medical intervention. In patients with aortic pathologies, where
acute ischemic stroke emergency care is a challenge, mechanical thrombectomy via the transbrachial
approach is a safe alternative method for cerebral reperfusion.

Keywords: acute ischemic stroke emergency management; aortic pathologies; mechanical thrombectomy;
case report; literature review

1. Introduction

Mechanical thrombectomy (MT) has proven its importance in improving outcomes
after acute ischemic stroke (AIS) over the past decade, a fact increasingly emphasized
by large, multi-center, randomized, controlled clinical trials [1–4]. According to these,
the conventional transfemoral approach is the basic approach for MT due to optimal
intraoperative catheterization and immediate access to large-diameter devices (which
provides more confidence when inserting high-profile catheters/sheaths) or due to the
higher frequency complications of other vascular approaches or because of the absence of
formal training in medical schools [1–5].

However, TFA has some reported limitations. In patients with type III aortic arch,
extensive atherosclerotic disease involving the arch and descending aorta, ilio-femoral
athero-occlusive disease, atypical branching patterns, coarctation or dissections of the aorta
that limit blood flow, cannulation of the aortic arch vessels using TFA may be a challenge [6].
Apart from these limitations, access-site complications such as groin hemorrhages and
hematomas, pseudoaneurysms, retroperitoneal hematomas, peripheral artery occlusions,
femoral nerve injuries, and access-site infections. All these complications have been
reported (5.13% in non-randomized control trials, while in randomized control trials
the rate is 2.78%) in a systematic review that included 16 randomized clinical trials (RCTs)
and 17 non-randomized cohort studies [7].

When faced with challenging situations in acute ischemic stroke emergency manage-
ment where MT via TFA may pose difficulties, it becomes essential to utilize alternative
puncture techniques like transradial, transbrachial, or direct carotid puncture to success-
fully achieve vascular and thrombic access, despite the limited documentation surrounding
their efficacy [8].

In other to provide clarity and emphasize the effectiveness of utilizing the transbrachial
approach in emergency mechanical thrombectomy for patients with acute ischemic stroke
and aortic pathologies, this literature review and case report aims to achieve the following
objectives: firstly, to present a case from our own experience involving a 44-year-old
hypertensive patient with AIS and previously undiagnosed aortic coarctation, in which
we successfully performed emergency MT via the transbrachial approach; and secondly,
to review case reports from the literature on patients with various aortic pathologies and
acute ischemic stroke who underwent mechanical thrombectomy via TBA.

2. Case Report and Literature Review

2.1. Case Presentation

A 44-year-old man with a history of essential hypertension was brought into the
emergency department (ED) by an ambulance with a doctor with left hemiparesis, inability
to talk, and anarthria with an onset of approximately 150 min. The patient’s stroke-related
neurological deficit assessment with the National Institute of Health Stroke Scale (NIHSS)
was 15.

The non-contrast computed tomography (CT) scan and the CT angiography (CTA)
of the head and neck (Figure 1) multiphase performed at the ED admission detected a
dense right middle cerebral artery (MCA) sign with a right M1 occlusion visibility from the
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emergence of the carotid artery over a length of approximately 1 cm and reinjection into
M2. The dense MCA sign has a crucial role in diagnosing acute stroke. It often becomes
visible on CT imaging before other signs of infarct, indicating an occlusion of a large artery
within the brain and the resulting infarct [9].

Figure 1. The left image displays the initial CT scan of the head, revealing no significant indications
of ischemic or hemorrhagic events. The PC-ASPECTS score was 10. A hyperdense right middle
cerebral artery is visible, indicated by a blue arrow. The right image shows a multiphase head
angiography-CT, confirming the presence of a thrombus at the level of the MCA as segment M1, as
indicated by a red arrow.

No clinically significant stenotic lesions were identified in the common carotid artery
or internal or external carotid arteries bilaterally. The right vertebral artery was hypoplastic,
with the right vertebral artery dominant and the bilateral basilar artery permeable. No
acute cerebral hemorrhagic lesions were constituted, with an Alberta Stroke Program Early
CT Score (PC-ASPECTS) of 10. All laboratory analyses were normal.

Under general anesthesia, emergency MT was conducted at almost 6 h following the
onset of stroke symptoms. A transfemoral approach was obtained in order to perform
mechanical thrombectomy. During the advancement with the guide catheter, aortic coarc-
tation was discovered, which remained undiagnosed until that moment, and the initial
standard femoral artery approach was abandoned.

The procedure involved secondly a transbrachial approach using an 8F sheath. Selec-
tive cannulation of the right common carotid artery was performed, followed by inserting
a 0.035-inch guidewire. With a single retrieval attempt using a 4 × 20 mm stent, the throm-
bus was successfully extracted. Puncture resulted in complete revascularization of the
occluded arterial territory (see Figure 2). Throughout the procedure, no clinical or technical
complications were encountered immediately.

With unassisted breathing, full awareness, and orientation, the patient was relocated
to the neurology department. A day following the mechanical thrombectomy procedure,
the patient experienced a significant improvement in neurological function. A subsequent
CT scan revealed no cerebral ischemia in the revascularized area, scoring a perfect ASPECT
10 (Figure 3).
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Figure 2. The lateral view of the digital subtraction angiography shows the occlusion of the right
anterior cerebral artery (MCA) before the endovascular thrombectomy (left image). After the proce-
dure (right image), a complete revascularization of the previously occluded arterial territory was
successfully achieved.

Figure 3. Head CT scan performed at 24 h after mechanical thrombectomy showed residual contrast
substance in the nucleus basalis after revascularization—without established cerebral ischemia (red
circle). The PC-ASPECTS was 10.

At the head CT examination 7 days post-procedural (Figure 4), compared to the previ-
ous examinations, it was observed the disappearance of the contrast substance residues
from the nucleus basalis, as well as an extended ischemic hypodensity in the superficial
right MCA (fronto-temporal) and in the lateral lenticulostriate arteries; ischemic hypoden-
sity also occurred at the level of the right caudate nucleus.
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Figure 4. Head CT scan perform at 7 days after MT showed ischemia in the vascularized territory
(lentiform nucleus and in the fronto-temporal-insular right lobe) (red circle).

On the morning of the 8th admission day, he was found to have a sudden onset
of conscious disturbance and left hemiparesis with an NIHSS score of 22. EKG showed
atrial fibrillation with rapid response. Embolic occlusion due to atrial fibrillation was
highly suspected, and the patient received anticoagulant therapy with good neurological
evolution. The patient developed respiratory complications due to a severe pulmonary
infection. On the 31st day of hospitalization, the patient had a cardiac arrest that was
successfully resuscitated, followed by patient transfer to the intensive care unit. During
hospitalization in the intensive care unit, the patient had a fluctuating evolution, and
despite the treatment (medication, kinetotherapy, hydroelectrolyte rebalance solutions), the
patient’s condition was deteriorating and required vasopressor support and mechanical
ventilation. Six days after admission into the intensive care unit, the patient had cardiac
arrest through asystole and did not respond to resuscitation maneuvers.

2.2. Literature Review

In general, the aortic arch has three major branches from proximal to distal: the
brachiocephalic trunk, the left common carotid artery, and the left subclavian artery. These
branches supply blood to the head, neck, and upper chest. The most common branching
pattern, known as the standard arch, consists of the right brachiocephalic, left common
carotid, and left subclavian arteries from right to left. According to a systematic review
and meta-analysis of 51 articles (n = 23,882), the prevalence of standard arches is 80.9% [10].
Inanc et al. [11] identified three variations in the standard arch. The most common type,
Type I, was found in 60.7% of patients, Type II (the bovine aortic arch) was seen in 34.3%
of patients, and Type III was seen only in 4.8% of patients. Among the most common
congenital malformations that occur in approximately 1% of all live births, aortic coarctation
represents a proportion of 6–8% of these, according to the study performed by Hoffman
and Kaplan [12].

Individuals with variations in the aortic arch and aortic coarctation may be more
susceptible to atherosclerosis, leading to an increased risk of stroke due to the potential
formation of blood clots. The alteration of hemodynamics could potentially occur due to the
abnormal origin of arteries from the aortic arch or narrowing of the aorta, as hypothesized
by Satti et al. [13].
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Aortic pathologies present challenges during endovascular acute stroke treatment pro-
cedures, as highlighted in a study by Ribo et al. in 2013. The presence of these pathologies
leads to prolonged procedure time and makes tasks such as carotid artery cannulation and
stenting particularly difficult [14].

In fact, in patients with aortic pathologies and AIS, it is unclear how often alternative
access is used in clinical practice and whether outcomes differ between patients who
underwent MT through alternative (radial, carotidian, or brachial) versus transfemoral
access [15].

Further, we conducted a literature review. Inclusion criteria were as follows: papers
reporting cases with mechanical thrombectomy via transbrachial approach in patients with
acute ischemic stroke and aortic pathologies, written in the English language and with
full-text availability. We performed a comprehensive literature search of four electronic
databases (PubMed, Scopus, Web of Science, Google Scholar) from inception until the
first of November, 2023, using this search query (“Transbrachial” OR “TBA”) AND (“case
report” or ”case reports”) AND (“Mechanical thrombectomy” OR “MT” OR “Endovascular
thrombectomy” OR “acute stroke”) AND (“aortic pathologies” OR “aortic”). All duplicates
were removed, and all references in the included case reports were screened manually
for any eligible studies. Additionally, we cross-referenced the bibliographies of retrieved
articles and review papers to ensure that we captured all case reports that met our research
terms. Moreover, we performed a manual search for conference abstracts and/or posters
or case reports in other databases to include in our review.

Ultimately, eight articles met the criteria for inclusion in this review, and one was
excluded due to the unavailability of our data regarding the criteria followed (lack of
concrete data about the included patients). Notably, all seven articles were case reports
discussing TBA in patients with AIS and aortic pathologies, as summarized in Table 1.

Table 1. Summary of case reports of patients with acute ischemic stroke and aortic pathologies who
underwent mechanical thrombectomy via transbrachial approach.

Number
of Case
Reports

Authors/Year Sex/Age
Artery

Occlusion
Location

Reperfusion
Therapy

Aortic Pathologies
MT Complica-

tions

Transbrachial
Approach

Local Compli-
cations

Outcomes

1. Okawa et al.,
2016 [16] Not stated

Left terminal
internal

carotid artery
MT Bovine aortic arch

variant No No Not stated

2. Yamaguchi et al.,
2017 [17] Male, 94 years Right middle

cerebral artery MT Aortic arch type III
Hemorrhagic
infarction of
basal ganglia

Not stated Alive, partially
recovered

3. Balci et al.,
2019 [18]

Male, 57 years
Left middle

cerebral artery
m1 segment

MT
Thrombus

protruding into the
aortic arch

No No Alive, partially
recovered

Male, 60 years
Right middle

cerebral artery
m1 segment

MT
Thrombus

protruding into the
aortic arch

No
Moderate focal

spasm at the
entry site

Alive, partially
recovered

4. Kehara et al.,
2020 [19] Male/55 years Right middle

cerebral artery MT Acute aortic
dissection type A

Right-sided
hemorrhagic

stroke
Not stated Alive,

recovered

5. Proença et al.,
2020 [20] Male, 47 years Mid-basilar

artery
Intravenous

thrombolysis +
MT

History of type A
aortic dissection
(with previous

endovascular stent
graft surgery),

intervention in the
ascending and
hemiarch aortic

segment, ascending
aortic aneurysm

No No Alive,
recovered

6. Bhatia et al.,
2022 [21]

Female/51
years

Left middle
cerebral artery MT Aortic bifurcation

occlusion Not stated Not stated Not stated

7. Shimizu et al.,
2023 [22]

Female/58
years

The left middle
cerebral artery

Intravenous
thrombolysis +

MT

Aortic arch type III
and Marfan
syndrome

occlusion of
the right
internal

carotid artery

No Alive, partially
recovered

72



J. Pers. Med. 2024, 14, 216

3. Discussion

To the best of our knowledge, a literature review of aortic pathologies type, reper-
fusion therapy type, and the complication of both mechanical thrombectomy and local
transbrachial approach in patients with acute ischemic stroke has not been previously
published in the literature. Only a few cases of patients with aortic pathologies and acute
ischemic stroke where MT via TBA was performed are reported [16–22], and this technique
application in emergency management of AIS reperfusion has still not been dealt with in
detail. So, we conducted a literature review, and after we analyzed these similar cases and
from our case experience, we believe that TBA can be a feasible alternative route in AIS
patients with aortic pathologies where the transfemoral approach cannot be used.

In interventional neuroradiology, the transfemoral artery approach remained the
preferred arterial access site for most of the doctors who performed MT [6]. Only in cases
where TFA has limitations [6], like coarctation of the aorta, a congenital malformation that
typically presents in childhood, the other approach sites are used. Clinically, these patients
present hypertension that appears in youth with a difference in blood pressure between the
upper and lower extremities [23].

We present our case, where, unusually, the patient’s aortic pathologies remained
undiagnosed until his fortieth decade. Moreover, although he was hypertensive, with
values most often difficult to control, only at the time of performing the MT via transfemoral
approach the aortic coarctation was diagnosed. During the procedure, the interventional
neuroradiologist decided to use the transbrachial approach for MT in order not to delay
reperfusion management and for the patient not to leave the MT time window (<6 h). In
this particular case, anticipating the possibility of inserting a larger caliber catheter (8F) for
aspiration, the transbrachial approach was chosen instead of the radial. Also, based on his
experience, the interventional neuroradiologist decided on this approach.

It is uncommon to incidentally discover aortic coarctation in adult patients, especially
in association with AIS, particularly in adult and elderly patients who have not undergone
correction for coarctation. The survival rate for patients with aortic coarctation is generally
low [24], and there is ongoing debate regarding the best management strategies for such
cases, particularly when other conditions like AIS complicate it.

When combined with secondary arterial hypertension, aortic coarctation increase
the likelihood of developing premature coronary artery disease, aortic aneurysms, and
cerebrovascular diseases, which not only affect prognosis but also have a significant impact
on morbidity and disability [25]. The current guidelines strongly recommend the early
detection and proactive management of aortic coarctation [23]. Despite advancements in
surgical and interventional treatments for aortic coarctation, there have been reported cases
of neurological complications, particularly paraplegia. These complications can arise from
direct injury to spinal segmental arteries or inadequate oxygen supply to the spinal cord
during the surgery correction process, leading to palsy or paralytic syndromes [26].

Two years ago, Trenk et al. [25] analyzed the results of a nationwide report based
on 11,907 patients with coarctation of the aorta hospitalized between 1997 and 2015 in
England. Late neurological complications (e.g., cerebral infarction and subarachnoid
hemorrhage) occurred in 225 patients out of almost 150,000 patients followed annually
during the study period (rate of 0.15%/patient-year). Subarachnoid hemorrhage occurred
in 59.4% (n = 37 patients, 22 men) and at a median age of 28.7 years (IQR 20.2–44.5 years).
Of these, prior to inclusion, only one patient had a diagnosis of cerebral arterial aneurysm.
Ischemic stroke occurred in 188 patients. The median age at which they developed acute
AIS was 56.1 years (IQR 43.6–68.1 years). Thirteen patients (6.9%) died during hospital
admission, and the one-year mortality after stroke was 20%. Univariate conditional logistic
regression analysis compared with patients matched for age, sex, and ethnicity showed
that hypertension (odds ratio 4.00, p = 0.0014), dyslipidemia (odds ratio 4.50, p = 0.007),
active smoking (odds ratio 11.00, p = 0.02), and diabetes mellitus (odds ratio 9.00, p = 0.037)
were significantly related to the risk of AIS development. In multivariate analysis, only
hypertension and smoking remained significantly related to the risk of ischemic stroke.
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In the literature, there are few studies or case series studies that analyzed the trans-
brachial approach in emergency management of AIS [3,27,28]. When the brachial approach
was compared with transradial or femoral approaches, it was noted to be more likely to
have minor complications, with an overall access-site complication rate for noncoronary
procedures of 10%. The authors concluded that both transradial and transbrachial ap-
proaches can be good alternative access routes when TFA is not appropriate in various
neurointervential procedures [28].

Local complications associated with transbrachial approach were reported until
now, more frequent in percutaneous coronary intervention. In a study conducted by
Kiemeneij et al. [29], the risk of complications (median nerve palsy and pseudoaneurysm
due to subcutaneous hematoma in the puncture site) associated with brachial artery access
was 2.3%, a higher risk than that of the transfemoral approach. Webber et al. [30] observed
that inserting a larger than 8-Fr sheath might increase the frequency of pseudoaneurysms.
With our patient, no local complication due to TBA was observed.

Small studies on transbrachial mechanical thrombectomy in acute ischemic
stroke [3,31,32] concluded also that there were no technical difficulties or complications
with this technique. Only a study conducted by Lu et al. on the safety and efficacy of
the transbrachial approach for endovascular thrombectomy that included only 19 patients
who had undergone MT for acute large vessel occlusion stroke concluded that the total
procedure duration tended to be longer when the TBA was used after failure of the TFA
(n = 6, 32%, median: 60.5 min) than when the TBA was used as the first side approach
(n = 13, 68%, median: 22 min). Moreover, local complications were observed only in 2 cases:
in one, a brachial artery pseudoaneurysm, and in the other, a brachial artery occlusion [3].

Regarding other access sites, mechanical thrombectomy via transradial and/or trans-
brachial approach in patients with AIS has recently been reported for both anterior and
posterior circulation in the literature [27,33,34]. A systematic review and meta-analysis
conducted by Kobeissi et al. that examine the feasibility of and outcomes following a
transradial artery approach for posterior circulation large vessel occlusion strokes, ob-
served a successful recanalization in almost all cases (98.69% rate, 93.50 to 100 cases) and a
pooled meantime of puncture to recanalization of 29.19 min (24.05 to 35.42), concluding
that transradial artery access for mechanical thrombectomy for this type of stroke dis-
plays early promise and feasibility [33]. After retrospectively analyzing five cases where
the transbrachial approach was used for performing MT in acute stroke, Tsuji et al. ob-
served that successful reperfusion was achieved in four out of five cases, and no access-site
complications associated with this approach were reported in any case; however, death
due to symptomatic intracranial hemorrhage was recorded [27]. When the transradial
approach was compared with the transfemoral one, analyzing a homogeneous population
in terms of the approach, which included a total of 2161 patients undergoing mechanical
thrombectomy (446 patients that performed MT by transradial approach and 1715 patients
by transfemoral approach), no significant differences across the two groups were found
in terms of successful recanalization (p = 0.36), complete recanalization (p = 0.73), access-
to-reperfusion time (mean difference, −3.92 min; p = 0.17), or symptomatic intracranial
hemorrhage (p = 0.62). However, regarding access site complications, a significantly lower
frequency in the transradial approach group was observed compared with the TFA group
(p = 0.001) [35]. A low complication rate associated with transradial access, with only
1.4% ± 0.7% of stroke cases, was also noted by Peterson et al. after analyzing a number
of 309 patients in which MT was performed via transradial approach from the studies
included in their meta-analysis. Furthermore, when comparing studies that used the
transradial approach with contemporary randomized clinical trials that used standard
transfemoral access, no significant differences were found in puncture-to-reperfusion time,
mortality, and/or site complications access of the transradial approach [36].

Two other alternative methods are available for patients who have experienced failed
access for intracranial interventions: transcervical [37] (direct carotid puncture) and the
recently introduced transvenous/transseptal access [38] (used to access the supra-aortic
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arteries from the venous side in cases where traditional transarterial access pathways, such
as transfemoral, transradial/brachial routes, or direct carotid puncture, are expected to
be unsuccessful). However, it is essential to note that direct carotid puncture carries the
risk of serious complications such as neck hematoma, which could potentially compro-
mise the airway. On the other hand, the two last methods, in emergency situations like
AIS reperfusion, can be challenging. Transvenous/transseptal access presents logistical
challenges and would not be suitable for patients with aortic pathologies, especially in
aortic coarctation, as it would still require catheter manipulation in the aorta. The direct
carotid approach in patients with AIS and coarctation of the aorta has been reported as a
successful procedure in the literature so far, only by Roche et al. [39], who performed direct
right common carotid puncture following the administration of the intravenous tissue
plasminogen activator, in a 73-year-old woman with a large aortic arch saccular aneurysm
measuring approximately 8 cm. But, also this approach technique, has disadvantages for
patients with acute ischemic stroke. The primary issue commonly encountered with the
cervical direct access technique is post-removal bleeding from the puncture site. To prevent
the formation of cervical hematomas and the potential for obstruction of the upper airway,
it is advisable to administer protamine after the procedure, apply manual compression,
and, in some instances, utilize hemostatic closure devices.

After performing MT via TBA in our patient case and reviewing the literature (see
Table 1) [16–22], both TBA advantages and disadvantages for patients with acute ischemic
stroke can be outlined. One drawback of this approach, in comparison to the transradial
approach, is that the brachial artery is functionally an “end artery”, meaning that its
blockage can lead to ischemia in the upper extremity. Fortunately, a surgical treatment
is available for this condition, which can be performed immediately after intracranial
thrombectomy. Additionally, based on our experience, achieving hemostasis is more
challenging with the brachial approach than the radial approach. However, it is essential to
note that the brachial artery is larger than the radial artery and has a lower risk of occlusion,
mainly when the procedure is conducted under anticoagulation. Another advantage of
the brachial approach is that it allows the operator to use shorter sheaths due to the closer
proximity to the origins of the supra-aortic significant trunks [3].

Mechanical thrombectomy through the transbrachial approach was the first choice
in more than half of these literature cases [18–20,22] (55.55%, n = 5 cases) in the treatment
of acute ischemic stroke due to the presence of previously diagnosed aortic pathologies.
In one-third of these cases (33.33%, our case and 2 case reports in the literature) [16,17],
the transbrachial approach was chosen after attempting to advance the guiding catheter
through the transfemoral approach and intraprocedural diagnosis of aortic pathology. In
only one case [21], a patient with acute aortic dissection, after an ultrasound evaluation
of the radial artery that showed a monophasic flow that could have caused difficulties
and complications during the procedure, MT was performed via TBA. Local transbrachial
complication was reported in one case [18], and in two other cases, it was not stated if
there were such complications [19,21]. Hemorrhagic transformation of AIS was reported
in two cases that underwent MT-only cerebral reperfusion via TBA, one with acute aortic
dissection type A [19] and our case of previously undiagnosed aortic coarctation. In the
cases in whom short and long-term follow-up was reported, the outcome of treatment,
which was not exclusively endovascular (77.77% cases with only MT and 33.33% with
association of first thrombolysis and after MT), was good (six from nine patients). In two
case reports, the outcomes were not stated, and one patient died after a long hospitalization
in the intensive care unit from respiratory complications (our patient).

In our case, the transbrachial approach allowed us to successfully rapidly reperfuse the
patient’s brain, thus reducing access-to-reperfusion time. So, we advise that the emergency
imaging of patients with acute stroke should include the assessment of the aortic arch and
that it be analyzed in detail, especially in very young patients or elderly who may have
aortic pathology. Our case and also the other 2 cases [16,17] in the literature in which the
switch to alternative access was imposed by previously undiagnostic aortic pathology have
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emphasized the fact that neurointerventionalists must be familiar with alternative access
routes because an urgent need for such access may occur during acute AIS treatment.

Limitations

However, some issues may affect the generalizability of our findings. Compared to
other large studies that included all patients with AIS and MT via transbrachial approach [3],
our analysis only included case reports of patients with AIS and MT via TBA and aortic
pathologies. Because there are several alternative approaches for patients with AIS, we
believe that a larger study that includes a comparison between all these approaches already
used in clinical practice in patients with AIS would help to choose the better approach for
these types of patients, as well as studying the causes and risk factors that would affect the
outcomes. For example, we cannot exclude the possibility that another approach type for
MT is superior to TBA in patients with aortic pathology and AIS.

4. Conclusions

The MT through the transbrachial approach is a treatment option that should be con-
sidered as the first choice, especially in aortic coarctation patients, where the transfemoral
approach is difficult due to anatomical issues. Interventional neuroradiologists should
familiarize themselves with the transbrachial approach, especially as the use of MT is
increasing during the acute phase treatment of stroke. Moreover, during MT, it is crucial
to optimize all strategies that have the potential to prevent delays and ensure prompt
initiation of stroke treatment.

In addition, in young hypertensive patients, unresponsive to antihypertensive treat-
ment and admitted to the emergency department with acute stroke symptoms, we believe
that the identification of an aortic pathology is essential. However, whether these patients
should be routinely screened for aortic pathologies remains a matter of debate.
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Abstract: Background and objectives: To minimize stroke-related deaths and maximize the likelihood
of cerebral reperfusion, medical professionals developed the “code stroke” emergency protocol, which
allows for the prompt evaluation of patients with acute ischemic stroke symptoms in pre-hospital
care and the emergency department (ED). This research will outline our experience in implementing
the stroke code protocol for acute ischemic stroke patients and its impact on door-to-needle time
(DTN) in the ED. Methods: Our study included patients with a “code stroke alert” upon arrival
at the emergency department. The final sample of this study consisted of 258 patients eligible for
intravenous (IV) thrombolysis with an onset-to-door time < 4.5 h. ED admissions were categorized
into two distinct groups: “day shift” (from 8 a.m. to 8 p.m.) (n = 178) and “night shift” (from 8 p.m.
to 8 a.m.) (n = 80) groups. Results: An analysis of ED time targets showed an increased median
during the day shift for onset-to-ED door time of 310 min (IQR, 190–340 min), for door-to-physician
(emergency medicine doctor) time of 5 min (IQR, 3–9 min), for door-to-physician (emergency medicine
doctor) time of 5 min (IQR, 3–9 min), and for door-to-physician (neurologist) time of 7 min (IQR,
5–10 min), also during the day shift. During the night shift, an increased median was found for
door-to-CT time of 21 min (IQR, 16.75–23 min), for door-to-CT results of 40 min (IQR, 38–43 min),
and for door-to-needle time of 57.5 min (IQR, 46.25–60 min). Astonishingly, only 17.83% (n = 46) of
these patients received intravenous thrombolysis, and the proportion of patients with thrombolysis
was significantly higher during the night shift (p = 0.044). A logistic regression analysis considering
the door-to-needle time (minutes) as the dependent variable demonstrated that onset-to-ED time
(p < 0.001) and door-to-physician (emergency medicine physicians) time (p = 0.021) are predictors for
performing thrombolysis in our study. Conclusions: This study identified higher door-to-CT and
door-to-emergency medicine physician times associated with an increased DTN, highlighting further
opportunities to improve acute stroke care in the emergency department. Further, door-to-CT and
door-to-CT results showed statistically significant increases during the night shift.
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1. Introduction

The incidence of acute ischemic stroke (AIS) is similar to the incidence of acute
coronary syndromes. Thus, acute ischemic syndromes are responsible for the majority
of cardiovascular-related deaths and, therefore, overall mortality in most countries [1,
2]. AIS represents the second leading cause and a significant reason for disability and
related costs [3]. According to stroke statistical reports from 2015, Romania emerged
as the European country with the highest incidences of new strokes and stroke-related
fatalities [4].

To increase and optimize the chances of cerebral reperfusion to reduce stroke-related
fatalities, the “code stroke” was created, which is an emergency protocol for the immediate
assessment of patients with suspected cerebrovascular events [5,6]. This protocol aims to
increase the administration of currently available reperfusion therapies for ischemic stroke.
However, only a small percentage of stroke patients received intravenous thrombolysis in
the first 4.5 h after symptom onset. The primary reason for the low rate of administration is
either the delayed arrival of patients at the emergency department [7,8] or the absence of a
dedicated stroke team/unit in most hospitals [9].

Although this information is available, there needs to be more awareness and imple-
mentation of it among medical personnel when it comes to meeting time targets for ED
admissions of AIS patients in hospitals without specialized stroke teams or units. Therefore,
it is crucial to explore ways to increase the rate of rt-PA administration, especially consid-
ering that in Romania, the Romanian Neurology Society board introduced the National
Program of Priority Actions in the Interventional Treatment of Patients with Acute Cerebral
Vascular Accident (PA-CVA) document in 2018 [5], report that the thrombolysis rate is less
than 10% (around 5.4%), with a notable increase in the last five years from 0.8% [9].

For this reason, this study aims to analyze ED time targets and their impact on the
DTN time in the county’s largest hospital, which has a specialist team ready to respond to
a “code stroke alert”.

2. Methods

2.1. Study Population and Inclusion and Exclusion Criteria

We conducted an observational study on patients referred to the Emergency County
Clinical Hospital in Arad, Romania, between 1 January 2020 and 31 December 2023 with
a “Code Stroke Alert”. This hospital has an annual influx of over 70,000 patients, is
the largest hospital in the county, and coordinates residency programs in neurology and
emergency medicine.

Our acute stroke protocol begins with emergency medical services (EMS) personnel
identifying a patient with a “code stroke alert” transported by ambulance or the identifi-
cation of this patient by the triage assistant/emergency physician upon their admission
to the ED. Our prehospital acute stroke screening protocol focuses on dispatchers, and
paramedics must be able to diagnose stroke using simple tools such as the FAST (Face,
Arms, Speech, and Time) indicators, baseline functional status, and current anticoagu-
lants [5]. Immediately after the patient’s admission to the ED, a “code stroke alert” is
announced, and the on-duty neurologist examines the patient together with the emergency
medicine physician. During this study, our institution had 24/7 coverage by a team consist-
ing of a neurologist, an emergency medicine physician, a radiologist, and an emergency
medicine nurse. Moreover, this team could mobilize before the patient’s arrival when the
pre-hospital notification was received. The patient is transported to a designated “stroke
bed” on arrival. The thrombolytic dose is calculated based on the patient’s weight and pre-
pared if the patient qualifies for thrombosis. The patient’s blood is obtained for laboratory
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analysis upon admission to the ED, and an intravenous administration of thrombolytics is
performed in the ED if the patient meets the criteria for thrombolysis.

We analyzed consecutive patients who had complete medical records (both electronic
and paper) and who were labeled with a “code stroke alert” in the emergency department.
Of the initial sample of 345 patients, only 258 patients met the criteria for inclusion and
exclusion in our study (not eligibility criteria for IV thrombolysis). According to the local
protocol, intravenous thrombolysis with rt-PA was initiated within 4.5 h from the onset of
the first symptoms of stroke. Patients below 18 years old, those with an initial diagnosis
of intracerebral hemorrhage or brain tumor, and those who arrived at the emergency
department more than 4.5 h from the onset of stroke symptoms were excluded from
our analysis.

Upon admission, the medical staff recorded the precise moment at which stroke
symptoms first appeared, as well as the mode and time of the patient’s arrival at the ED.
The patients themselves or their family members provided information on when the initial
stroke-related symptoms were, which was noted as the “onset time”. For individuals
who experienced symptoms while sleeping, symptom onset was determined as the last
period when they were stroke-symptom-free. Ten patients with neurological deficits
upon awakening from sleep were considered to have had wake-up strokes. Since it was
impossible to assess the exact time of deficit onset, according to our national protocol, these
patients were not eligible for IV thrombolysis [5]. The arrival time at the ED was defined as
when the patient’s registration was completed at the ED triage office. The onset-to-needle
time was calculated as the interval between symptom onset and when IV thrombolysis was
performed. All time measurements were expressed in minutes.

Our national protocol [5] recommends the following time targets for stroke management:

• Onset-to-needle time ≤ 4.5 h;
• Door-to-physician time ≤ 10 min (an initial evaluation by both emergency medicine

physician and neurologist that includes the time last known to be well, eligibility for
IV thrombolysis, and the evaluation of stroke severity);

• Door-to-CT time ≤ 25 min;
• Door-to-CT results ≤ 45 min;
• Door-to-needle time ≤ 60 min.

To accurately establish the patients’ arrival time in the emergency department, we
utilized the initial registration time at the ED triage office. This allowed us to categorize ED
admissions into two distinct groups: a “day shift” (from 8 a.m. to 8 p.m.) and “night shift”
(from 8 p.m. to 8 a.m.). We categorized the mode of arrival—whether it was through EMS
or if the patient walked or drove in. We chose these two factors (arrival mode and type of
shift) because they are within our realm of influence and have the potential to be modified.

Moreover, by dividing the final sample into two subgroups consisting of 178 patients
during the day shift and 80 patients during the night shift, we aimed to analyze the impact
of various factors and the management time for acute stroke in the ED on the rate of
intravenous rt-PA administration.

As shown in the study flowchart represented in Figure 1, a total of 345 patients with
“code stroke alert” and a symptom onset time of less than 4.5 h were screened in the ED for
eligibility for intravenous reperfusion therapy.

Only patients who satisfied the inclusion and exclusion criteria (n = 258) were selected
in the final sample of this study. Of these patients, 26 received IV thrombolysis during the
day shift; only 20 received IV thrombolysis during the night shift.
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Figure 1. Study flowchart.

2.2. Evaluation of Stroke

Immediately following admission to the emergency department, all patients undergo
a comprehensive medical evaluation which includes a cerebral computed tomography (CT)
scan with or without contrast, as well as a complete blood count, international normalized
ratio (INR), and prothrombin time, partial prothrombin time, blood glucose, and electrolyte
tests. It is important to note that patients without medical data were not included in this
evaluation. In conjunction with the emergency medicine physician and neurologist, the
radiologist collaboratively assessed the stroke’s subtype, severity, and location based on the
brain imaging and clinical examination results according to the stroke definition established
by The World Health Organization in 1970, which is still used today [10].

The neurologist on duty assessed neurological deficits and stroke severity in the first
clinical evaluations of patients in the ED and categorized them using the National Institutes of
Health Stroke Scale (NIHSS) at the following intervals: at admission, 1 h, 2 h, and 24 h [11].

2.3. Ethics

This study was conducted following the Declaration of Helsinki, and the protocol was
approved by the Ethics Committee of the Arad County Emergency Clinical Hospital (no.
11687/27 March 2024). The collected data were identified before a statistical analysis was
performed. All patients signed the informed consent.

2.4. Statistical Analysis

Mean and standard deviation or median and interquartile range (IQR) values were
used to present continuous variables, while frequencies and percentages were used for
categorical variables. The distribution of continuous variables was assessed using the
Shapiro–Wilk test. Unpaired t-tests or Mann–Whitney U and Chi-square tests were em-
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ployed to compare the characteristics of patients who received thrombolysis and those
who did not. Several multivariate logistic regression models were used to determine the
independent factors associated with the administration of thrombolysis. For the sample
size calculation, we conducted a power analysis test using the GPower3.1 application for
the t-test family—the Wilcoxon–Mann–Whitney test (two groups) with two tails, a normal
parent distribution and 95% power, taking 0.05 as the level of significance and 0.5 as the
effect size.

The results were presented as odds ratios with 95% confidence intervals. A p-value of
less than 0.05 was considered statistically significant. Data analysis was conducted using
JASP v0.18.3 (a free and open-source program for statistical analysis supported by the
University of Amsterdam).

3. Results

3.1. Baseline Characteristics of Patients Who Arrived at the Emergency Department

The final sample included 258 patients eligible for IV thrombolysis who were admitted
to the ED with a stroke alert. The following results were obtained after dividing them
into two subgroups according to their arrival time: those admitted during the day shift
(n = 178) and the night shift (n = 80).

Table 1 shows the patients’ demographic and clinical characteristics according to the
shift type. There were statistically significant differences, with changed values observed
only in terms of lower patient height values in the day shift group (p = 0.004), lower
hemoglobin values in the day shift group (p < 0.001), values of increased INR in the night
shift group (p = 0.039), and a higher prothrombin time in the night shift group (p < 0.001).
(Table 1, Figures 2 and 3A,B).

Figure 2 shows the baseline parameters analyzed in Table 1 which decreased statisti-
cally significantly during the day shift.

Figure 3 shows the baseline parameters analyzed in Table 1 that increased statistically
significantly during the night shift.

Figure 2. Violin plots of the values of the hemoglobin (mg/dL) between the two types of ED shift
(p < 0.001). The boxplots inside the violin represent the median and interquartile ranges.
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Table 1. Characteristics of analyzed group according to day shift (n = 178) and night shift (n = 80).

Variable Shift Valid Mean ± SD Median (IQR) p

Physical characteristics

Age, years Day 178 67.29 ± 11.8 68 (61–75)
0.054Night 80 69.83 ± 12.68 71 (64–79)

Height, cm Day 178 171.52 ± 8.3 170 (165–178)
0.004 *Night 80 168.35 ± 7.35 168 (164.5–173.25)

Weight, kg Day 178 77.49 ± 12.45 79 (70–85)
0.157Night 80 75.15 ± 11.85 75 (68.75–81)

SBP, mmHg Day 178 156.56 ± 21.01 160 (140–170)
0.072Night 80 150.88 ± 19.44 150 (135–166.25)

DBP, mmHg Day 178 82.19 ± 13.13 80 (75–90)
0.166Night 80 79.69 ± 12.46 80 (70–90)

GCS
Day 178 13.16 ± 3.36 15 (12–15)

0.269Night 80 12.61 ± 3.9 15 (12–15)

NIHSS at presentation Day 178 14.21 ± 5.34 14 (10–18)
0.331Night 80 14.8 ± 5.78 15 (10.75–19)

Blood test sample results

Platelets count, ×109 μL
Day 178 224.19 ± 70.84 220 (175–254.75)

0.519Night 80 217.15 ± 64.61 218 (170.75–252)

Hemoglobin, mg/dL Day 178 13.74 ± 1.65 14 (13–15)
<0.001 *Night 80 12.75 ± 1.99 13 (12–14)

Blood Glucose, mg/dL Day 178 138.72 ± 48.25 125.5 (104–163.75)
0.925Night 80 138.43 ± 43.78 123 (105–175.25)

Total Cholesterol, mg/dL Day 178 188.93 ± 44.66 187.5 (162.5–220)
0.705Night 80 191.33 ± 51.35 189.5 (148.75–230.25)

INR
Day 178 1.53 ± 1.41 1.14 (1.03–1.39)

0.039 *Night 80 1.79 ± 1.87 1.25 (1.1–1.44)

Partial thromboplastin time, s Day 178 29.62 ± 15.72 26.05 (23.5–30.2)
0.895Night 80 28.07 ± 9.23 26.3 (23.98–29.2)

Prothrombin time, s
Day 178 16.11 ± 15.98 12.9 (12–14.38)

<0.001 *Night 80 19.38 ± 21.42 14.15 (12.8–15.55)

* significant difference. SBP, systolic blood pressure; DBP, diastolic blood pressure; GCS, Coma Glasgow Score;
INR, international normalized ratio. Values are expressed as means ± standard deviation (SD), by median
(interquartile range), or by number (%).

Figure 3. (A) Raincloud plots of INR values between the two types of ED shift (p = 0.039). (B) Raincloud
plots of the values of prothrombin time (seconds) between the two types of ED shift (p < 0.001).

The onset-to-ED door time, the door-to-physician time for both emergency medicine
and neurology physicians, the door-to-blood test time, the door-to-CT time, the door-to-CT
results, and the door-to-needle time were calculated for the two groups (the “day shift”,
and “night shift” groups). The door-to-needle time was similar in all groups (p = 0.533).
The door-to-CT and door-to-CT results were 19 and 39 min for the day shift, respectively,

84



J. Pers. Med. 2024, 14, 596

and 21 and 40 min for the night shift. The Shapiro–Wilk test confirmed normal distribution
in all groups, and the unpaired t-test revealed statistically significant differences between
the two groups (p= 0.037 and p = 0.02, respectively). The arrival mode in ED, with EMS or
arrival via walk-in, was similar between the two ED shifts. (Table 2).

Table 2. Time targets and arrival mode in the emergency department according to day shift (n = 178)
and night shift (n = 80).

Variable Shift Valid Mean ± SD Median (IQR) p

ED Time Targets (minutes)

Onset-to-ED door time
Day 178 274.27 ± 101.33 310 (190–340)

0.082Night 80 248.25 ± 115.16 300 (127.5–330)
Door-to-physician
time (ED doctor)

Day 178 6.58 ± 5.12 5 (3–9)
0.232Night 80 5.453 ± 3.33 5 (3–8)

Door-to-physician
time(neurologist)

Day 178 8.15 ± 5.18 7 (5–10)
0.468Night 80 7.21 ± 3.02 7 (5–9)

Door-to-blood samples Day 178 8.06 ± 2.44 10 (5–10)
0.411Night 80 7.81 ± 2.62 10 (5–10)

Door-to-CT
Day 178 19.12 ± 8.07 19 (13–22)

0.037 *Night 80 19.85 ± 4.84 21 (16.75–23)

Door-to-CT results
Day 178 38.52 ± 7.76 39 (34.25–42)

0.02 *Night 80 39.84 ± 4.67 40 (38–43)

Door-to-needle time
Day 26 55.19 ± 10.15 57.5 (46.25–60)

0.533Night 20 54 ± 6.41 55 (50–60)

Arrival Mode

Emergency medical services
(EMS)

Day 178 (91) 51.12%
0.894Night 80 (41) 51.25%

Arrival via walk-in
Day 178 (87) 48.87%

0.878Night 80 (39) 48.75%

* significant difference.

The door-to-CT and door-to-CT results times were increased statistically significantly
during the night shift. (Figure 4A,B).

Figure 4. (A). Violin plot of the values of the door-to-CT time (minutes) between the two groups of
patients (p = 0.037). (B) Violin plot of the values of the door-to-CT results time (minutes) between
the two groups of patients (p = 0.02). The box plots inside the violins represent the median and
interquartile ranges.

3.2. Analysis of Administration of Intravenous rt-PA during Day Shift or Night Shift

Three hundred forty-five patients with code stroke alert activations were recorded
between 2020 and 2023, with a total of forty-six patients receiving IV thrombolysis. We also
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noted that in our study, the proportion of patients receiving thrombolysis was significantly
higher during the night shift (p = 0.044) (Table 3).

Table 3. Analysis of IV thrombolysis administration between emergency department across day and
night shifts.

Thrombolysis

Shift No Yes Total

Day Count 152 26 178
% within row 85.393% 14.607% 100.000%

Night Count 60 20 80
% within row 75.000% 25.000% 100.000%

Total
Count 212 46 258
% within row 82.171% 17.829% 100.000%

p = 0.044

3.3. The Analysis of ED Times Targets

A logistic regression analysis considering the door-to-needle time (minutes) as the de-
pendent variable demonstrated that the onset-to-ED time (p < 0.001) and door-to-physician
(emergency medicine physicians) time (p = 0.021) are predictors for performing thromboly-
sis; the shorter the times for these two variables are, the more significantly increased the
chance of thrombolysis is. (Table 4).

Table 4. Logistic regression (using the enter method) considers door-to-needle time as a dependent
variable.

Variables in the Equation B S.E. Wald df Sig. Exp(B)
95% C.I.for EXP(B)

Lower Upper

Onset-to-ED door (minutes) −0.031 0.005 30.942 1 <0.001 * 0.97 0.959 0.98
Door-to-physician (ED doctor) (minutes) −0.422 0.183 5.328 1 0.021 * 0.655 0.458 0.938
Door-to-neurologist (minutes) 0.289 0.193 2.258 1 0.133 1.336 0.916 1.948
Door-to-blood-samples (minutes) −0.015 0.118 0.015 1 0.902 0.986 0.781 1.243
Door-to-CT (minutes) −0.102 0.067 2.306 1 0.129 0.903 0.793 1.03
Door-to-CT results (minutes) −0.081 0.058 1.901 1 0.168 0.923 0.823 1.035
Constant 9.235 2.225 17.235 1 <0.001 10,250.746

* significant association; Cox and Snell R-Square = 0.44.

Moreover, the dependence of the door-to-needle time (minutes) on the door-to-CT
results (minutes) is significant, direct, and weak (p = 0.010, r = 0.377). (Figure 5).

Figure 5. Linear regression plot.
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4. Discussion

Evidence from previous studies indicates a direct relationship between the importance
of stroke management times and the thrombolysis rate. We can state that patients with
ischemic stroke in the ED are a priority, and compliance with these ED target times is
directly correlated with their outcome and the thrombolysis rate [12–14]. Our study
observed statistically significant differences in the ED time targets for code stroke alert
management times between patients admitted during two ED shifts, a day shift (n = 178)
and a night shift (n = 80). Our results show that admission to the emergency department
during the night shift resulted in longer management times for door-to-CT and door-to-CT
results. However, there was no delay in treatment delivery, with the proportion of patients
receiving thrombolysis significantly higher during the night shift (p = 0.044).

Despite the stroke protocol remaining consistent throughout the day, our data re-
vealed a notable increase in door-to-CT and door-to-CT results during night shift hours.
There are several potential explanations for this finding. Firstly, the fatigue experienced
by the medical staff, including the 24 h on-call neurologist, can lead to longer reaction
times when responding to code stroke alerts. Additionally, the reduced number of senior
radiology residents available during night shifts means that all medical personnel have
a more significant workload, which can contribute to delays in the overall process. Due
to legislation in our country, it is only possible to preregister patients after they arrive in
our jurisdiction. This legislation prohibits the transmission of patient-identifiable informa-
tion by EMS while en route. Another aspect is that our study also covers the COVID-19
period. In recent years, the DTN time has improved significantly in Romania; however, the
COVID-19 pandemic has affected this time measure. In 2017, the average of this time was
67 min, which decreased to 43 min in 2020. Yet, in 2023, it increased again to 60 min. The
declaration of a state of emergency in Romania on 16 March 2020 did not initially affect
the DTN time recorded in our national register for that month. As a result, the challenges
faced by the healthcare system, including EMS and ED staff, over 30 months of disrupted
processes and exhausted medical staff led to longer door-to-needle times. Our national
stroke data analysis reflects this [9]. The improved time during the COVID-19 pandemic
may be because physicians treated AIS as the same emergency as before or because during
that period, the number of patients presenting for all diseases in the ED decreased after
government restrictions, impacting first the door-to-physician (ED doctors) time. During
that time, access and assessments of AIS patients with COVID-19 in the ED followed the
same protocol; the only factor that could interfere with prolonged ED time targets was
the requirement for physicians to wear mandatory personal protective equipment when
monitoring and treating these patients.

Additionally, the health system protocol in our country requires confirmation from
the patient or a witness before registration [5]. Unfortunately, this poses a challenge for
stroke patients who may not be able to identify themselves due to aphasia or impaired
consciousness. As a result, there is often a delay of 10 to 15 min as physicians search
for a witness to identify the patient. CT imaging cannot be ordered as the patient must
still be registered in the electronic entry system. We have been informed that many other
hospitals experience similar delays in which imaging can only be ordered once the patient
is electronically registered (personal communications).

Ganti et al. conducted a study with a similar design to ours, also aiming to identify
what factors in the emergency department impact the door-to-needle time in acute stroke
patients eligible for intravenous thrombolysis and classifying their cohort as either “day
shift” (6 a.m.–6 p.m.) or “night shift” (6 p.m.–6 a.m.) patients. Nearly half of the cohort,
49%, arrived during the daytime; 24% presented during the night shift, and the remaining
27% presented on the weekend. The majority, 85%, were brought to the hospital by EMS,
while 15% of patients walked in. When examining the median DTN time, it was found
that during the day shift, it took approximately 37 min (with an interquartile range of
26–51 and a range of 10–117). On the other hand, during the night shift, the median
DTN time increased to 59 min (with an interquartile range of 39–89 and a range of 34–195).
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Interestingly, when a dedicated stroke team was present, the median DTN time significantly
decreased to 36 min compared to 51 min when no one was available. The median door-to-
CT time was also 24 min (with an interquartile range of 18–31 min). Univariate analyses
revealed that arriving during the night shift (p < 0.0001), arriving as a walk-in (p = 0.0080),
and experiencing a longer time to CT scan (p < 0.0001) were all associated with a longer
DTN time. Conversely, the presence of a dedicated stroke team was associated with a
significantly shorter DTN time (p < 0.0001) [15].

Within this examination of consecutive patients experiencing acute ischemic stroke
and admitted within 4.5 h of symptom onset, a total of 258 individuals were eligible for
thrombolysis. Astonishingly, only 17.83% (n = 46) of these patients received intravenous
thrombolysis. This highlights the global underutilization of rt-PA administration, as
recent international studies estimate that only 10–20% of eligible patients receive this
treatment [16]. It is worth noting that Romania, according to the PA-CVA document,
reports a mean national rt-PA administration rate lower than 10% (approximately 8.7%),
making our study’s thrombolysis rate comparatively higher [17,18]. Similarly, China reports
an alarmingly low national thrombolysis rate of only 2.4%, with intravenous rt-PA usage at
a mere 1.6% [19].

Among the factors associated with the lack of performing thrombolysis in our study,
no statistically significant correlation was found between the two shifts regarding the mode
of arrival at the ED, whether it was via EMS (p = 0.894) or walk-in (p = 878), or risk factors
such as the presence of high blood glucose (p = 0.925) or low platelets (p = 0.519).

This lack of correlation is consistent with the literature, which reports different dis-
tributions of arrival modes and risk factors between the groups. For example, previ-
ous studies have shown a significant association between arriving during the night shift
(p < 0.0001) and arriving without the emergency medical system (p = 0.0080) [20]. In a
different study, about 18.1% of patients reported arriving at the ED by ambulance, while
most arrived in private cars [21]. We consider the fact that there is no statistically significant
difference in arrival mode types between our day and night shifts a strength of this study
as it allows us to better analyze the impact of ED time targets on the administration of IV
thrombolysis and which ED time is a predictor for an increased DTN time.

Therefore, our data show that for day shifts, medians increased, for an onset-to-ED
door time of 310 min (IQR, 190–340 min), a door-to-physician (emergency medicine doctor)
time of 5 min (IQR, 3–9 min), and a door-to-physician (neurologist) time of 7 min (IQR,
5–10 min). For the night shift, the medians increased for a door-to-CT time of 21 min (IQR,
16.75–23 min), a door-to-CT results time of 40 min (IQR, 38–43 min), and a DTN time of
57.5 min (IQR, 46.25–60 min). Our study’s mean door-to-CT time of 21 min is under the
recommended target of ≤25 min. A much-increased value of door-to-CT time (49.4 min)
was registered in a study from Lebanon [21].

A comprehensive study was conducted over three years on patients diagnosed with
acute stroke in the emergency departments of three Victorian hospitals, and it was found
that out of all patients included, 71% (n = 2509) arrived by ambulance, while the remaining
29% (n = 1039) used private transport. Several factors were found to be significantly
associated with ambulance arrival, including older age (p < 0.001), being born in Australia
(p < 0.001), and speaking English at home (p = 0.003). The study also revealed that arriving
by ambulance was independently linked to receiving prompt stroke care in the emergency
department, coming within 2 h from symptom onset, being treated at an advanced stroke
service center that offers thrombolysis, being triaged specifically for stroke, undergoing
medical assessment within 25 min, and being referred for a CT scan within 45 min [22].

A study based on a project called HASTE (Hurry Acute Stroke Treatment and Evalua-
tion) consisting of three study phases evaluated the effectiveness of four specific strategies
in reducing the DTN time for intravenous alteplase in acute ischemic stroke patients. Em-
ploying a prospective pre- and post-intervention design, the study accounted for each
strategy, secular trends, and patient characteristics. Notably, significant improvements in
door-to-needle times were observed throughout the different phases of HASTE. Phase I
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involved a year-long data collection period and an analysis to assess the existing perfor-
mance of the DTN. In Phase II, which spanned two years, a triage system was implemented
to prioritize severe stroke cases within 4.5 h of onset. This approach aimed to concentrate
the efforts of the stroke team on patients with the highest likelihood of requiring alteplase
despite the high volume of milder or subacute stroke assessments encountered in their busy
ED (with over 1500 stroke service admissions annually). During the HASTE phase III study,
a new protocol was introduced to streamline the process for patients with a code stroke
alert. Instead of being transferred to an ED bed, these patients were taken directly from the
EMS stretcher to the CT scanner. Upon arrival at the emergency department, ED physicians
swiftly evaluated the patient’s medical stability and neurological signs before promptly
transporting the patient to the scanner on the same stretcher. After implementing these
strategies, they observed significant enhancements in the DTN time. The administration of
alteplase in the diagnostic imaging area led to a remarkable 32% reduction in the DTN time.
Similarly, transferring the patient to the diagnostic imaging area using Emergency Medical
Services stretcher resulted in a substantial 30% decrease in the DTN time. Registering the
patient as unknown before their complete identification by family members or an informant
yielded a 12% reduction in the DTN time. Additionally, employing simultaneous notifica-
tion through a group pager for incoming patients with high stroke severity contributed to
a statistically significant decrease in the DTN time of 11% [23].

In our analysis, we conducted a logistic regression to examine the impact of different
ED times on the DTN time. We found that the onset-to-ED (p < 0.001) and door-to-physician
(emergency medicine physician) times were significant predictors for the administration
of thrombolysis. Specifically, we observed that shorter times for these two variables were
associated with a significantly higher likelihood of receiving thrombolysis, as shown in
Table 4. Recent research has indicated a correlation between decreased healthcare profes-
sionals and longer door-to-physician and DTN times [24]. Encouragingly, our findings
revealed that the distribution of the capacity limitations for stroke patients arriving at the
emergency department mirrored what happened in emergency shifts overall. We believe
the factors contributing to the low rate of intravenous thrombolysis in our study are the fol-
lowing: delays during the triage and initial assessment of stroke patients in the emergency
department, as can be observed in the results of our study.

Furthermore, stroke symptoms can sometimes be subtle or mimic other conditions,
and this can be worsened when the initial assessment is conducted by a resident rather
than an ED specialist, leading to a delay in stroke identification and treatment, as we
can note from our observations. It may be beneficial to conduct further investigations to
gain a deeper understanding of how staffing models and the timing of patient arrival in
the ED contribute to delays in stroke care, particularly during periods of increased ED
crowding. Additionally, exploring the reasons behind neurologists’ decisions to not perform
IV thrombolysis in eligible patients admitted to the ED during the time window could
provide valuable insights, considering our research primarily focuses on ED management
and time targets.

The findings of this study have significant implications for medical practice, specif-
ically in raising awareness about the importance of timely intervention for AIS patients
through stroke code alerts. By analyzing ED time targets, this study has the potential
to enhance acute stroke management in countries like Romania, where stroke incidence
and mortality rates are alarmingly high. By identifying areas for improvement, we can
optimize emergency department protocols and make a positive impact on stroke care not
only nationally but also internationally. It is worth noting that this study examined the time
window for AIS treatment and identified weaknesses that can be addressed to improve
the thrombolysis procedure during emergency department management. So, we believe
that the implementation of a process to bring the patient directly to the CT scanner from
the emergency medical services stretcher or to start IV thrombolysis at the CT scanner are
changes that can be implemented to shorten door-to-needle times and thereby increase
reperfusion therapy rates as well as patient outcomes.
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5. Study Limitations

It is essential to acknowledge the limitations of this study. While we conducted a
retrospective analysis and obtained all timing information from patient medical records,
there is still a possibility of unmeasured factors influencing our estimates. Despite our
efforts to control for known variables associated with the DTN time, other potentially
confounding variables may exist. We did not specifically investigate individual patient
reasons for outliers, such as cases in which the stroke initially appeared mild but later
worsened. However, a previous study conducted by our team, which focused on an
emergency department located 3.5 km away from a thrombolysis hospital with a neurology
department, did not find any significant statistical differences regarding ED time targets
between patients who received thrombolysis and those who did not [12].

Further research will be required to address the predictors for the DTN time and
understand the generalizability of our study’s results. This study was conducted in a
high-volume academic center, and we anticipate that future studies will need to be carried
out in different centers with varying acute stroke protocols. It is crucial to investigate why
specific interventions were not implemented by documenting the reasons behind their
omission. Although we did not collect data on stroke mimics or risk factors related to
performed IV thrombolysis or a lack of IV thrombolysis, previous research suggests that
only reducing the DTN time does lower the risk of complications [25]. It is important
to note that specific changes may vary depending on hospital policies and structures.
However, the impact of meeting or shortening these time targets can be assessed in other
hospitals to determine their effect on the DTN time. Unfortunately, we could not analyze
whether the same level of attention was consistently given to patients with code stroke
alerts during different shifts or if they burdened the stroke team and CT or ED resources
excessively. Nevertheless, it is crucial to assess the capacity of stroke programs in other
centers based on their available resources. However, it is essential to remember that we did
not include in this study patients in whom mechanical thrombectomy could probably have
been performed after exceeding the 4.5 h target for IV thrombolysis [5] or patients with
wake-up stroke due to the impossibility of performing a neuroimaging assessment using
advanced techniques such as CT perfusion (CTP), which is available in only one hospital in
Romania, or magnetic resonance imaging (MRI), which is not available for acute stroke.

6. Conclusions

This study identified higher door-to-CT and door-to-emergency medicine physician
times associated with an increased DTN time. Further, door-to-CT and door-to-CT results
times showed statistically significant increases during the night shift. These findings need
to be considered when conducting quality improvements of hospital acute stroke protocols
as they represent factors that can be addressed operationally.

Author Contributions: Conceptualization: F.B., D.P., D.S., C.C.I. and A.I.; methodology: D.P., A.-M.P.,
D.S., C.W., O.A.M., A.T., C.T. and F.B.; software: A.T., F.B., D.S., A.-M.M., I.P. and C.C.I., validation:
O.A.M., A.I., F.B., G.C., C.T., I.P. and C.W.; investigation: D.P., A.I., G.C. and O.A.M.; resources: D.P.,
A.-M.P., C.C.I. and F.B.; writing—original draft preparation: D.P., A.I., C.T., and F.B.; writing—review
and editing: F.B., C.W., C.C.I., G.C., D.S., A.I. and O.A.M.; visualization: O.A.M., D.S., A.-M.P.,
A.-M.M., G.C., C.W. and A.T.; supervision: O.A.M., A.-M.P., A.-M.M., I.P. and A.I. All authors have
read and agreed to the published version of the manuscript.

Funding: We would like to acknowledge the Victor Babes University of Medicine and Pharmacy
Timisoara for covering the publication costs for this research paper.

Institutional Review Board Statement: This study was conducted following the Declaration of
Helsinki, and the protocol was approved by the Ethics Committee of the Arad County Emergency
Clinical Hospital (no. 11687/27 March 2024).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

90



J. Pers. Med. 2024, 14, 596

Data Availability Statement: The datasets are not publicly available, but de-identified data may be
provided upon request from Popa Daian.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Wafa, H.A.; Wolfe, C.D.A.; Emmett, E.; Roth, G.A.; Johnson, C.O.; Wang, Y. Burden of Stroke in Europe: Thirty-Year Projections of
Incidence, Prevalence, Deaths, and Disability-Adjusted Life Years. Stroke 2020, 51, 2418–2427. [CrossRef] [PubMed]

2. Di Cesare, M.; Perel, P.; Taylor, S.; Kabudula, C.; Bixby, H.; Gaziano, T.A.; McGhie, D.V.; Mwangi, J.; Pervan, B.; Narula, J.; et al.
The Heart of the World. Glob. Heart 2024, 19, 11. [CrossRef] [PubMed]

3. Feigin, V.L.; Stark, B.A.; Johnson, C.O.; Roth, G.A.; Bisignano, C.; Abady, G.G.; Abbasifard, M.; Abbasi-Kangevari, M.; Abd-Allah,
F.; Abedi, V.; et al. Global, regional, and national burden of stroke and its risk factors, 1990–2019: A systematic analysis for the
Global Burden of Disease Study 2019. Lancet Neurol. 2021, 20, 795–820. [CrossRef] [PubMed]

4. Stroke Alliance for Europe. The Burden of Stroke in Europe—Challenges for Policy Makers. Available online: https://www.
stroke.org.uk/sites/default/files/the_burden_of_stroke_in_europe_-_challenges_for_policy_makers.png (accessed on 14 January
2022).

5. Priority Action for Interventional Treatment of Patients with Acute Stroke. Standard Operating Procedure Regarding the
Patient Track and Therapeutic Protocol in Romania. Available online: https://legislatie.just.ro/Public/DetaliiDocument/209994
(accessed on 12 October 2023).

6. Manners, J.; Khandker, N.; Barron, A.; Aziz, Y.; Desai, S.M.; Morrow, B.; Delfyett, W.T.; Martin-Gill, C.; Shutter, L.; Jovin, T.G. An
interdisciplinary approach to inhospital stroke improves stroke detection and treatment time. J. NeuroInterventional Surg. 2019, 11,
1080–1084. [CrossRef] [PubMed]

7. Maestroni, A.; Mandelli, C.; Manganaro, D.; Zecca, B.; Rossi, P.; Monzani, V.; Torgano, G. Factors influencing delay in presentation
for acute stroke in an emergency department in Milan, Italy. Emerg. Med. J. 2008, 25, 340–345. [CrossRef] [PubMed]

8. Terecoasă, E.O.; Radu, R.A.; Negrilă, A.; Enache, I.; Căs, aru, B.; Tiu, C. Pre-Hospital Delay in Acute Ischemic Stroke Care: Current
Findings and Future Perspectives in a Tertiary Stroke Center from Romania—A Cross-Sectional Study. Medicina 2022, 58, 1003.
[CrossRef] [PubMed]

9. Tiu, C.; Terecoasă, E.O.; Tut,ă, S.; Bălas, a, R.; Simu, M.; Sabău, M.; Stan, A.; Radu, R.A.; Tiu, V.; Căs, aru, B.; et al. Quality of acute
stroke care in Romania: Achievements and gaps between 2017 and 2022. Eur Stroke J 2023, 8, 44–51. [CrossRef] [PubMed]

10. Aho, K.; Harmsen, P.; Hatano, S.; Marquardsen, J.; Smirnov, V.E.; Strasser, T. Cerebrovascular disease in the community: Results
of a WHO collaborative study. Bull. World Health Organ. 1980, 58, 113. [PubMed]

11. Goldstein, L.B.; Bertels, C.; Davis, J.N. Interrater reliability of the NIH stroke scale. Arch. Neurol. 1989, 46, 660–662. [CrossRef]
12. Popa, D.; Iancu, A.; Petrica, A.; Buleu, F.; Williams, C.G.; Sutoi, D.; Trebuian, C.; Tudor, A.; Mederle, O.A. Emergency Department

Time Targets for Interhospital Transfer of Patients with Acute Ischemic Stroke. J. Pers. Med. 2024, 14, 13. [CrossRef]
13. Jones, S.; Moulton, C.; Swift, S.; Molyneux, P.; Black, S.; Mason, N.; Oakley, R.; Mann, C. Association between delays to patient

admission from the emergency department and all-cause 30-day mortality. Emerg. Med. J. 2022, 39, 168–173. [CrossRef] [PubMed]
14. Jones, E.M.; Boehme, A.K.; Aysenne, A.; Chang, T.; Albright, K.C.; Burns, C.; Beasley, T.M.; Martin-Schild, S. Prolonged emergency

department length of stay as a predictor of adverse outcomes in patients with intracranial hemorrhage. J. Crit. Care Med. 2015,
2015, 526319. [CrossRef] [PubMed]

15. Ganti, L.; Mirajkar, A.; Banerjee, P.; Stead, T.; Hanna, A.; Tsau, J.; Khan, M.; Garg, A. Impact of emergency department arrival
time on door-to-needle time in patients with acute stroke. Front. Neurol. 2023, 14, 1126472. [CrossRef] [PubMed]

16. De Souza, A.C.; Sebastian, I.A.; Zaidi, W.A.W.; Nasreldein, A.; Bazadona, D.; Amaya, P.; Elkady, A.; Gebrewold, M.A.; Vorasayan,
P.; Yeghiazaryan, N.; et al. Regional and national differences in stroke thrombolysis use and disparities in pricing, treatment
availability, and coverage. Int. J. Stroke 2022, 17, 990–996. [CrossRef] [PubMed]

17. Uivarosan, D.; Bungau, S.; Tit, D.M.; Moisa, C.; Fratila, O.; Rus, M.; Bratu, O.G.; Diaconu, C.C.; Pantis, C. Financial burden of
stroke reflected in a pilot center for the implementation of thrombolysis. Medicina 2020, 56, 54. [CrossRef] [PubMed]

18. Sabau, M.; Bungau, S.; Buhas, C.L.; Carp, G.; Daina, L.G.; Judea-Pusta, C.T.; Buhas, B.A.; Jurca, C.M.; Daina, C.M.; Tit, D.M. Legal
medicine implications in fibrinolytic therapy of acute ischemic stroke. BMC Med. Ethics 2019, 20, 70. [CrossRef] [PubMed]

19. Dong, Q.; Dong, Y.; Liu, L.; Xu, A.; Zhang, Y.; Zheng, H.; Wang, Y. The Chinese Stroke Association scientific statement: Intravenous
thrombolysis in acute ischaemic stroke. Stroke Vasc. Neurol. 2017, 2, 147–159. [CrossRef]

20. Dimitriou, P.; Tziomalos, K.; Christou, K.; Kostaki, S.; Angelopoulou, S.M.; Papagianni, M.; Ztriva, E.; Chatzopoulos, G.;
Savopoulos, C.; Hatzitolios, A.I. Factors associated with delayed presentation at the emergency department in patients with acute
ischemic stroke. Brain Inj. 2019, 33, 1257–1261. [CrossRef]

21. El Sayed, M.J.; El Zahran, T.; Tamim, H. Acute stroke care and thrombolytic therapy use in a tertiary care center in Lebanon.
Emerg. Med. Int. 2014, 2014, 438737. [CrossRef]

22. Kinsella, D.; Mosley, I.; Braitberg, G. A Retrospective Study Investigating: Factors associated with mode of arrival and emergency
department management for patients with acute stroke. Australas. Emerg. Care 2018, 21, 99–104. [CrossRef]

91



J. Pers. Med. 2024, 14, 596

23. Kamal, N.; Holodinsky, J.K.; Stephenson, C.; Kashayp, D.; Demchuk, A.M.; Hill, M.D.; Vilneff, R.L.; Bugbee, E.; Zerna, C.;
Newcommon, N.; et al. Improving Door-to-Needle Times for Acute Ischemic Stroke: Effect of Rapid Patient Registration, Moving
Directly to Computed Tomography, and Giving Alteplase at the Computed Tomography Scanner. Circ. Cardiovasc. Qual. Outcomes
2017, 10, e003242. [CrossRef] [PubMed]

24. Jaffe, T.A.; Goldstein, J.N.; Yun, B.J.; Etherton, M.; Leslie-Mazwi, T.; Schwamm, L.H.; Zachrison, K.S. Impact of Emergency
Department Crowding on Delays in Acute Stroke Care. West. J. Emerg. Med. 2020, 21, 892–899. [CrossRef] [PubMed]

25. Man, S.; Solomon, N.; Grory, B.M.; Alhanti, B.; Uchino, K.; Saver, J.L.; Smith, E.E.; Xian, Y.; Bhatt, D.L.; Schwamm, L.H.; et al.
Shorter Door-to-Needle Times Are Associated With Better Outcomes After Intravenous Thrombolytic Therapy and Endovascular
Thrombectomy for Acute Ischemic Stroke. Circulation 2023, 148, 20–34. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

92



Journal of

Personalized 

Medicine

Article

Better Performance of Modified Scoring Systems to Predict the
Clinical Outcomes of Vibrio Bacteremia in the Emergency
Department: An Observational Study

Chia-Ming Hsieh 1,2,3,4, Sung-Yuan Hu 1,2,3,4,5,*, Ming-Shun Hsieh 5,6,7, Shih-Che Huang 4,8,9, Chia-Hui Shen 1

and Yi-Chun Tsai 1

1 Department of Emergency Medicine, Taichung Veterans General Hospital, Taichung 40705, Taiwan;
chiaming.hsieh1204@gmail.com (C.-M.H.); aa1239076@gmail.com (C.-H.S.); rosa87324@gmail.com (Y.-C.T.)

2 Department of Post-Baccalaureate Medicine, College of Medicine, National Chung Hsing University,
Taichung 402202, Taiwan

3 Institute of Medicine, School of Medicine, Chung Shan Medical University, Taichung 40201, Taiwan
4 School of Medicine, Chung Shan Medical University, Taichung 40201, Taiwan; cucu0214@gmail.com
5 School of Medicine, National Yang Ming Chiao Tung University, Taipei 11217, Taiwan;

edmingshun@gmail.com
6 Department of Emergency Medicine, Taipei Veterans General Hospital, Taoyuan Branch, Taoyuan 330, Taiwan
7 Department of Emergency Medicine, Taipei Veterans General Hospital, Taipei 11217, Taiwan
8 Department of Emergency Medicine, Chung Shan Medical University Hospital, Taichung 40201, Taiwan
9 Lung Cancer Research Center, Chung Shan Medical University Hospital, Taichung 40201, Taiwan
* Correspondence: song9168@pie.com.tw; Tel.: +886-4-23592525 (ext. 3601); Fax: +886-4-23594065

Abstract: Background: Vibrio is a genus of Gram-negative bacteria found in various aquatic envi-
ronments, including saltwater and freshwater. Vibrio bacteremia can lead to sepsis, a potentially
life-threatening condition in which the immune system enters overdrive in response to the disease,
causing widespread inflammation and damage to tissues and organs. V. vulnificus had the highest
case fatality rate (39%) of all reported foodborne infections in the United States and a high mortality
rate in Asia, including Taiwan. Numerous scoring systems have been created to estimate the mortality
risk in the emergency department (ED). However, there are no specific scoring systems to predict
the mortality risk of Vibrio bacteremia. Therefore, this study modified the existing scoring systems
to better predict the mortality risk of Vibrio bacteremia. Methods: Cases of Vibrio bacteremia were
diagnosed based on the results from at least one blood culture in the ED. Patient data were extracted
from the electronic clinical database, covering January 2012 to December 2021. The primary out-
come was in-hospital mortality.This study used univariate and multivariate analyses to evaluate the
mortality risk. Results: This study enrolled 36 patients diagnosed with Vibrio bacteremia, including
23 males (63.9%) and 13 females (36.1%), with a mean age of 65.1 ± 15.7 years. The in-hospital mor-
tality rate amounted to 25% (9/36), with 31.5% in V. vulnificus (6/19) and 17.6% in V. non-vulnificus
(3/17). The non-survivors demonstrated higher MEDS (10.3 ± 2.4) than the survivors (6.2 ± 4.1)
(p = 0.002). Concerning the qSOFA, the survivors scored 0.3 ± 0.5, and the non-survivors displayed a
score of 0.6 ± 0.7 (p = 0.387). The AUC of the ROC for the MEDS and qSOFA was 0.833 and 0.599,
respectively. This study modified the scoring systems with other predictive factors, including BUN
and pH. The AUC of the ROC for the modified MEDS and qSOFA reached up to 0.852 and 0.802,
respectively. Conclusion: The MEDS could serve as reliable indicators for forecasting the mortality
rate of patients grappling with Vibrio bacteremia. This study modified the MEDS and qSOFA to
strengthen the predictive performance of mortality risk for Vibrio bacteremia. We advocate the
prompt initiation of targeted therapeutic interventions and judicious antibiotic treatments to curb
fatality rates.

Keywords: Vibrio; bacteremia; mortality risk; scoring systems; seasonal distribution
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1. Introduction

Vibrio is a genus of Gram-negative bacteria found in various aquatic environments,
including saltwater and freshwater [1–4]. V. vulnificus can cause severe wound infections
and sepsis in people with compromised immune systems [5,6]. People can become infected
with V. vulnificus through two main routes: consuming contaminated seafood (particularly
raw or undercooked shellfish) or directly exposing open wounds to seawater containing
the bacterium. In population-based studies in the United States in the 1980s, the incidence
of V. vulnificus infections was approximately 0.5/100,000 people per year [7–9].

Other pathogenic Vibrio species include V. cholerae, the causative agent of cholera,
a severe diarrheal disease that can be fatal if left untreated [10,11]. V. cholerae non-O1
and non-O139 strains have been increasingly recognized as a cause of gastroenteritis and
extraintestinal infections, although they are less commonly associated with the widespread
outbreaks typical of the O1 and O139 serogroups. The transmission of non-O1 and non-
O139 V. cholerae is typically associated with consuming contaminated water or undercooked
seafood, especially in coastal areas [12].

Vibrio bacteremia is a condition in which Vibrio bacteria, usually V. vulnificus or
V. cholerae, enter the bloodstream and cause an infection. In a previous study, V. vulnifi-
cus had the highest case fatality rate of 39% in all reported foodborne infections in the
United States [13]. In Asia, studies from South Korea, Japan, and China have also shown
a very high mortality rate from Vibrio infections [14–16]. Even in the limited data from
Taiwan, the high fatality rate of Vibrio infections is consistently demonstrated [17,18].

Vibrio bacteria, particularly V. vulnificus, thrive in warm seawater temperatures, with
optimal growth occurring between 20 ◦C and 30 ◦C (68 ◦F and 86 ◦F). As a result, Vibrio
infections, including Vibrio bacteremia, tend to increase during the warmer months, partic-
ularly in areas with warm coastal waters [14,15,19,20]. One study, for example, found that
the case fatality rate of V. vulnificus bacteremia was significantly higher during the summer
months in the United States [21].

Otherwise, numerous scoring systems have been created to estimate the mortality
risk in emergency departments (EDs) [22,23]. Their efficiency has been documented across
various scenarios, including cases of infectious disease, length of stay (LOS), and hospital
admission. In a literature review, there were no studies that used specific scoring systems to
predict the mortality risk of Vibrio bacteremia. This study focused on modifying the existing
scoring systems by adding the laboratory variables according to the results of the univariate
analysis. The modified scoring systems demonstrated more powerful performance and
could help clinicians to provide appropriate antibiotics and intervention as early as possible
to lower the mortality of Vibrio bacteremia.

2. Materials and Methods

2.1. Study Design and Inclusion Criteria

The institutional review board at Taichung Veterans General Hospital (TCVGH)
granted approval for our research (No. CE22240B), following the ethical guidelines of the
Declaration of Helsinki. Nevertheless, the informed consent of the patients was waived
because of the retrospective design. This observational research was carried out at a tertiary
care center in Taiwan, which accommodates approximately 65,000 ED visits each year. We
carried out this hospital-based study on patients with Vibrio bacteremia. Cases of confirmed
Vibrio bacteremia were identified through the findings of at least one blood culture in the
ED. Patient information was gathered from the electronic clinical database of TCVGH,
spanning from January 2012 to December 2021. Data included demographics, laboratory
investigations, and clinical outcomes. The primary outcome was in-hospital mortality. This
study used univariate and multivariate analyses to evaluate the mortality risk.
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2.2. Microbiological Diagnosis

In this study, the microbiological laboratory used VITEK® MS PRIME (bioMérieux,
Lyon, France) to identify the microorganisms and VITEK® II for routine antimicrobial
susceptibility testing (AST) to provide efficient workflow and faster AST results.

2.3. Scoring Systems

This study used the following clinical scoring systems to predict the clinical outcome
and the risk of mortality (Table S1): Mortality in Emergency Department Sepsis (MEDS)
Score, Worthing Physiological Scoring (WPS), Rapid Emergency Medicine Score (REMS),
and quick Sepsis-related Organ Failure Assessment (qSOFA). According to the results of
the univariate analysis, this study modified the systems mentioned above with blood urea
nitrogen (BUN) and the potential of hydrogen (pH) to predict the mortality risk of Vibrio
bacteremia again.

2.4. Statistic Analysis

In this study, continuous variables were presented as the mean ± standard deviation
(SD), and categorical variables as number and percentages. To evaluate differences in
categorical variables, chi-squared tests were used, whereas Mann–Whitney–Wilcoxon
U tests were employed for continuous variables to compare the mortality risk between
survivors and non-survivors. The study conducted univariate and multivariate analyses
using the Cox regression model to identify potential mortality predictors, presenting the
results as hazard ratios and confidence intervals. The predictive power of different scoring
systems was compared using the area under the curve (AUC) of the receiver operating
characteristic (ROC) curve. Cut-off points were utilized to categorize mortality risks
based on sensitivity, specificity, negative predictive value (NPV), and positive predictive
value (PPV). The population distribution and mortality risk according to cumulative
points was calculated and plotted. Statistical significance was assigned to p-values < 0.05.
Data analyses were carried out using the Statistical Package for the Social Science (IBM
SPSS version 22.0; International Business Machines Corp., New York, NY, USA) and R
(Version 4.1.3, R Foundation for Statistical Computing, Vienna, Austria).

3. Results

3.1. Demographics and Clinical Characteristics

This study summarized the demographics, comorbidities, and clinical findings of the
36 patients with Vibrio bacteremia in Table 1, including 23 males (63.9%) and 13 females
(36.1%), with a mean age of 65.1 ± 15.7 years and an average LOS of 16.6 ± 12.7 days.
The comorbidities for Vibrio bacteremia included liver cirrhosis, which showed the highest
proportion (27.8%), followed by congestive heart failure (22.2%) and alcoholism (16.7%).
None of the comorbidities showed significant differences in terms of mortality. The 30-day
in-hospital mortality rate amounted to 25% (9/36), with 31.5% in V. vulnificus (6/19) and
17.6% in V. non-vulnificus (3/17).

Table 1. Characteristics, manifestations, clinical course, and management of patients with
Vibrio bacteremia.

General Data All (n = 36) Survival (n = 27) Mortality (n = 9) p-Value

Sex 0.235

Male 23 (63.9%) 19 (70.4%) 4 (44.4%)
Female 13 (36.1%) 8 (29.6%) 5 (55.6%)

Age 65.1 ± 15.7 62.3 ± 15.5 73.7 ± 13.6 0.081

Pathogens 0.451

Vibrio vulnificus 19 (52.8%) 13 (48.2%) 6 (66.7%)
Vibrio non–vulnificus 17 (47.2%) 14 (51.9%) 3 (33.3%)

95



J. Pers. Med. 2024, 14, 385

Table 1. Cont.

General Data All (n = 36) Survival (n = 27) Mortality (n = 9) p-Value

Vital signs

SBP 127.72 ± 28.13 128.81 ± 27.49 124.44 ± 31.46 0.865
DBP 70.58 ± 14.85 72.74 ± 15.12 64.11 ± 12.61 0.195
MAP 89.6 ± 17.8 91.4 ± 18.2 84.2 ± 16.3 0.433
HR 104.6 ± 25.4 107.6 ± 25.7 95.7 ± 23.5 0.138
RR 19.4 ± 2.40 19.2 ± 1.7 20.1 ± 3.8 0.761
BT 37.7 ± 1.2 37.9 ± 1.2 37.3 ± 1.2 0.195

Symptoms

Fever or chills 21 (58.3%) 15 (55.6%) 6 (66.7%) 0.705
Limb pain or swelling 10 (27.8%) 8 (29.6%) 2 (22.2%) 1.000
Abdominal pain
or diarrhea 7 (19.4%) 6 (22.2%) 1 (11.1%) 0.652

Comorbidities

HCVD 5 (13.9%) 4 (14.8%) 1 (11.1%) 1.000
CAD 5 (13.9%) 4 (14.8%) 1 (11.1%) 1.000
CHF 8 (22.2%) 6 (22.2%) 2 (22.2%) 1.000
CVA 16 (44.4%) 12 (44.4%) 4 (44.4%) 1.000
DM 7 (19.4%) 5 (18.5%) 2 (22.2%) 1.000
Alcoholism 6 (16.7%) 4 (14.8%) 2 (22.2%) 0.627
Liver cirrhosis 10 (27.8%) 8 (29.6%) 2 (22.2%) 1.000
COPD 5 (13.9%) 3 (11.1%) 2 (22.2%) 0.581
Transplant 2 (5.6%) 0 (0%) 2 (22.2%) 0.057
Cancer 11 (30.6%) 8 (29.6%) 3 (33.3%) 1.000

Clinical course

Shock 7 (19.4%) 4 (14.8%) 3 (33.3%) 0.333
Intubation 15 (41.7%) 10 (37.0%) 5 (55.6%) 0.443
Urgent hemodialysis 4 (11.1%) 1 (3.7%) 3 (33.3%) 0.041 *
Hypotension 11 (30.6%) 5 (18.5%) 6 (66.7%) 0.012 *
Vasopressor 10 (27.8%) 5 (18.5%) 5 (55.6%) 0.079

Management

Antibiotics 0.024 *
Cephalosporins 19 (52.8%) 16 (59.3%) 3 (33.3%)
Cephalosporins+Tetracyclines 7 (19.4%) 6 (22.2%) 1 (11.1%)
Cephalosporins+Quinolone 5 (13.9%) 4 (14.8%) 1 (11.1%)
Others 5 (13.9%) 1 (3.7%) 4 (44.4%)
Surgery 11 (30.6%) 7 (25.9%) 4 (44.4%) 0.409
Drainage 6 (16.7%) 4 (14.8%) 2 (22.2%) 0.627

Infection source 0.169

Primary 12 (33.3%) 7 (25.9%) 5 (55.6%)
Wound or Marine 12 (33.3%) 9 (33.3%) 3 (33.3%)
GI tract 12 (33.3%) 11 (40.7%) 1 (11.1%)

Chi-squared test. Mann–Whitney U-test. * p < 0.05, statistically significant. Continuous data were expressed as
mean ± SD. Categorical data were expressed as number and percentage. Abbreviations: BT, body temperature;
CAD, coronary artery disease; CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease;
CVA, cerebrovascular accident; DBP, diastolic blood pressure; DM, diabetes mellitus; GI: gastrointestinal; HCVD,
hypertensive cardiovascular disease; HR, heart rate; MAP, mean blood pressure; RR, respiratory rate; SBP, systolic
blood pressure.

3.2. Laboratory Data

The laboratory data and scoring systems are shown in Table 2. White blood cell
count (WBC) (12,280.7 ± 6517.3 vs. 6018.9 ± 2766.3, p = 0.009), absolute neutrophil count
(ANC) (10,829.8 ± 6038.4 vs. 4720.0 ± 2002.0, p = 0.003), BUN (20.4 ± 14.1 vs. 40.0 ± 21.2,
p = 0.005), potassium (K) (3.82 ± 0.73 vs. 4.64 ± 1.12, p = 0.038), maximum of creatine
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kinase (CK) (103.1 ± 92.2 vs. 1126.4 ± 1896.1, p = 0.009), and pH (7.40 ± 0.05 vs. 7.32 ± 0.09,
p = 0.016) showed significant differences between the survivors and the non-survivors.

Table 2. Laboratory data of patients with Vibrio bacteremia.

Variables All (n = 36) Survival (n = 27) Mortality (n = 9) p-Value

Complete blood cells

WBC 10,715.3 ± 6392.5 12,280.7 ± 6517.3 6018.9 ± 2766.3 0.009 **
ANC 9302.3 ± 5933.1 10,829.8 ± 6038.4 4720.0 ± 2002.0 0.003 **
Hb 11.9 ± 2.2 12.0 ± 2.4 11.6 ± 1.7 0.559
PLT 162.9 ± 84.3 173.9 ± 89.0 131.4 ± 62.6 0.291

Biochemistry

BUN 25.6 ± 18.2 20.4 ± 14.1 40.0 ± 21.2 0.005 **
Cr 1.34 ± 0.76 1.20 ± 0.66 1.76 ± 0.92 0.111
Na 134.2 ± 4.9 133.9 ± 5.3 135.1 ± 3.8 0.621
K 4.03 ± 0.90 3.82 ± 0.73 4.64 ± 1.12 0.038 *
Total bilirubin 3.24 ± 4.94 3.15 ± 5.22 3.56 ± 4.23 0.820
GPT 60.4 ± 55.5 68.0 ± 57.9 36.0 ± 40.5 0.062
LDH 329.4 ± 143.0 334.9 ± 151.4 307.3 ± 127.5 1.000
CRP 4.59 ± 5.72 4.35 ± 5.76 5.33 ± 5.89 0.407
Lactate 33.6 ± 20.7 34.1 ± 21.4 32.5 ± 20.1 0.940
Glucose 142.2 ± 61.1 151.17 ± 66.27 115.38 ± 31.51 0.268
Maximum of CK 389.6 ± 1060.5 103.1 ± 92.2 1126.4 ± 1896.1 0.009 **

Arterial blood gas

pH 7.38 ± 0.07 7.40 ± 0.05 7.32 ± 0.09 0.016 *
PaO2

− 53.05 ± 25.22 55.04 ± 24.31 46.21 ± 29.03 0.397
PaCO2

− 22.79 ± 2.85 22.74 ± 2.91 22.93 ± 2.89 0.728
HCO3

− −2.10 ± 2.62 −1.83 ± 2.65 −3.01 ± 2.48 0.204
Chi-squared test. Mann–Whitney U-test. * p < 0.05, ** p < 0.01, statistically significant. Continuous data were
expressed as mean ± SD. Abbreviations: ANC, absolute neutrophil count; BUN, blood urea nitrogen; CK,
creatine kinase; CRP, C-reactive protein; Cr, creatinine; GPT, glutamic pyruvic transaminase; Hb, hemoglobin; K,
potassium; LDH, lactate dehydrogenase; Na, sodium; PLT, platelet; WBC, white blood cell count.

3.3. Microbiology and Seasonal Distribution of Mortality Cases

Emergency physicians performed a bacterial culture on individual patients at least
once. The microorganisms found in blood culture were distributed between V. vulnificus
(n = 19) and V. non-vulnificus (n = 17), including V. cholera, non-O1, non-O139, (n = 10),
V. fluvialis (n = 5), V. cholerae O1 (n = 1), and V. alginolyticus (n = 1) (Table 3). There was a
trend association between the mortality cases of Vibrio bacteremia and seasonal distribution,
with a trend of p = 0.044 (Figure 1).

Table 3. The microorganisms causing Vibrio bacteremia.

Microorganisms Case Numbers (n)

Vibrio vulnificus 19
Vibrio non-vulnificus 17

Vibrio cholera non-O1, non-O139 10
Vibrio fluvialis 5

Vibrio cholerae O1 1
Vibrio alginolyticus 1
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Figure 1. The trend association between the mortality cases of Vibrio bacteremia and seasonal
distribution (p = 0.044).

3.4. Scoring Systems

The non-survivors had significantly higher scores in the original MEDS (10.3 ± 2.4)
than the survivors (6.2 ± 4.1) (p = 0.002). The remaining scoring systems showed no
different significance (Table 4).

Table 4. The scoring systems to predict the mortality risk of patients with Vibrio bacteremia.

Scores All (n = 36) Survival (n = 27) Mortality (n = 9) p-Value

MEDS 7.1 ± 4.2 6.2 ± 4.1 10.3 ± 2.4 0.002 **
WPS 2.4 ± 2.1 2.0 ± 1.6 3.4 ± 3.2 0.349

qSOFA 0 ± 0.6 0.3 ± 0.5 0.6 ± 0.7 0.387
REMS 6.0 ± 2.6 5.7 ± 2.2 6.9 ± 3.6 0.426

** p < 0.01, statistically significant. Continuous data were expressed as mean ± SD. Abbreviations: MEDS, Mortality
in Emergency Department Sepsis; REMS, Rapid Emergency Medicine Score; qSOFA, quick Sepsis-related Organ
Failure Assessment; WPS, Worthing Physiological Scoring system.

3.5. Univariateand Multivariate Analyses of Risk Factors

This study conducted univariate analyses for predisposing factors on clinical outcomes
and the results are summarized in Table 5. Higher hazard ratios (HRs) were foundin the
non-survivors, including hypotension, renal failure, urgent hemodialysis, organ transplant,
and elevation of WBC, potassium, BUN, and creatinine. In univariate analysis, the MEDS
and WPS showed significantly higher in the non-survivors (Table 6). Higher HR in the
non-survivors regarding scores of the original MEDS (p = 0.037) in multivariate analysis
was found (Table 6).
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Table 5. Hazard ratios and 95% confidence interval of univariate analysis for patients with
Vibrio bacteremia.

Variables Hazard Ratios 95% Confidence Interval p-Value

WBC 1.00 1.00–1.00 0.016 *
BUN 1.04 1.01–1.07 0.009 **

Cr 2.05 1.03–4.08 0.041 *
K 2.11 1.23–3.64 0.007 **

CK 1.00 1.00–1.00 0.011 *
pH 0.79 0.68–0.91 0.001 **

Transplant 11.41 2.19–59.39 0.004 **
Urgent hemodialysis 5.96 1.48–24.08 0.012 *

Hypotension 5.35 1.33–21.51 0.018 *
Renal failure 0.25 0.07–0.94 0.040 *

* p < 0.05, ** p < 0.01, statistically significant. Abbreviations: BUN, blood urea nitrogen; CK, creatine kinase; Cr,
creatinine; K, potassium; WBC, white blood cell count.

Table 6. Hazard ratios and 95% confidence interval of univariate and multivariate analysesfor patients
with Vibrio bacteremia.

Univariate Multivariate

Variables HR 95% CI p-Value HR 95% CI p-Value

MEDS 1.23 1.05–1.44 0.011 * 1.28 1.02–1.62 0.037 *
WPS 1.38 1.03–1.84 0.030 * 1.08 0.45–2.61 0.863

qSOFA 1.88 0.74–4.72 0.182 2.21 0.13–38.98 0.588
REMS 1.22 0.96–1.56 0.100 1.48 0.91–2.40 0.111

* p < 0.05, statistically significant. Abbreviations: CI, conference interval; HR, hazard ratios; MEDS, Mortality in
Emergency Department Sepsis; REMS, Rapid Emergency Medicine Score; qSOFA, quick Sepsis-related Organ
Failure Assessment; WPS, Worthing Physiological Scoring system.

3.6. The Receiver Operating Characteristic Curve (ROC)

The ROC of the original MEDS, WPS, qSOFA, and REMS for accuracy in predicting
the mortality riskswas analyzed, and the results are shown in Figure 2 and Table 7. The
cut-off point of the MEDS was 10, and the AUC of the ROC measured up to 0.833, which
had a sensitivity of 66.7% and a specificity of 92.6% (p = 0.003).

Figure 2. The AUC of ROC of the MEDS, WPS, qSOFA, and REMS in predicting the mortality risks of
patients with Vibrio bacteremia (Panel A). The AUC of ROC of the modified MEDS, WPS, qSOFA,
and REMS in predicting the mortality risks of patients with Vibrio bacteremia (Panel B). AUC = area
under the curve; ROC = receiver operating characteristic curve.
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Table 7. The AUC of the ROC, cut-off point (COP), sensitivity specificity, positive predictive value
(PPV), negative predictive value (NPV), accuracy, and standard error (SE) of the original MEDS, WPS,
qSOFA, and REMS to predict mortality risk.

Scores AUC COP Sensitivity Specificity PPV NPV Accuracy SE p-Value

MEDS 0.833 10 66.7% 92.6% 75.0% 89.3% 86.1% 0.07 0.003 **
WPS 0.607 5 44.4% 88.9% 57.1% 82.8% 77.8% 0.14 0.342

qSOFA 0.599 1 44.4% 74.1% 36.4% 80.0% 66.7% 0.12 0.381
REMS 0.591 6 66.7% 51.9% 31.6% 82.4% 55.6% 0.11 0.422

** p < 0.01, statistically significant. Abbreviations: MEDS, Mortality in Emergency Department Sepsis; REMS,
Rapid Emergency Medicine Score; qSOFA, quick Sepsis-related Organ Failure Assessment; WPS, Worthing
Physiological Scoring system.

This study modified the original scoring systems with other predictive factors, includ-
ing BUN (if BUN > 25, the modified score had one point added) and pH (if pH < 7.36, the
modified score had one point added). We reveal the results in Figure 2 and Table 8. The
cut-off point of the modified MEDS was 10, and the AUC of the ROC increased to 0.852
with a sensitivity of 77.8% and a specificity of 85.2% (p = 0.002). The cut-off point of the
modified qSOFA was 1, and the AUC of the ROC reached up to 0.802, with a sensitivity of
88.9% and a specificity of 59.3% (p = 0.007).

Table 8. The AUC of ROC, cut-off point (COP), sensitivity specificity, positive predictive value (PPV),
negative predictive value (NPV), accuracy, and standard error (SE) of the modified MEDS, WPS,
qSOFA, and REMS to predict the mortality risk.

Modified Scores AUC COP Sensitivity Specificity PPV NPV Accuracy SE p-Value

Modified MEDS 0.852 10 77.8% 85.2% 63.6% 92.0% 83.3% 0.07 0.002 **
Modified qSOFA 0.802 1 88.9% 59.3% 42.1% 94.1% 66.7% 0.09 0.007 **
Modified REMS 0.693 6 88.9% 48.1% 36.4% 92.9% 58.3% 0.10 0.086
Modified WPS 0.673 5 55.6% 88.9% 62.5% 85.7% 80.6% 0.13 0.125

** p < 0.01, statistically significant. If BUN > 25, the modified score had one point added; if pH < 7.36, the modified
score had one point added. Abbreviations: MEDS, Mortality in Emergency Department Sepsis; REMS, Rapid
Emergency Medicine Score; qSOFA, quick Sepsis-related Organ Failure Assessment; WPS, Worthing Physiological
Scoring system.

3.7. Cumulative Survival Rates obtained by Kaplan–Meier and Discrimination Plot

This study analyzed the cumulative survival rates of patients with Vibrio bacteremia
using Kaplan–Meier. The original MEDS and WPS demonstrated significant differences
between the survivors and non-survivors (p = 0.0012 and p < 0.0001) if the cut-off points
of the original MEDS and WPS were 10 and 5. Otherwise, the original qSOFA and REMS
demonstrated no significant differences between the survivors and non-survivors (p = 0.37
and p = 0.56) if the cut-off points of the qSOFA and REMS were 1 and 6 (Figure 3). However,
the modified MEDS, WPS, and qSOFA demonstrated significant differences between the
survivors and non-survivors (p < 0.0001, p = 0.00044, and p = 0.0034) if the cut-off points of
the modified MEDS, WPS, and qSOFA were 10, 5, and 1. Otherwise, the modified REMS
demonstrated no significant differences between the survivors and non-survivors (p = 0.28)
if the cut-off point of the REMS was 6 (Figure 4).The discrimination plots of patients with
Vibrio bacteremia show that the mortality rates of the original MEDS, WPS, qSOFA, and
REMS were 71.4%, 75.0%, 50.0%, and 30.0% if the cut-off points were more than 10, 5, 1,
and 6, respectively (Figure 5). The mortality rates of the modified MEDS, WPS, qSOFA,
and REMS were 75.0%, 66.7%, 55.6%, and 33.3% if the cut-off points were more than 10, 5,
1, and 6, respectively (Figure 6).
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Figure 3. The cumulative 30-day survival rates of patients with Vibrio bacteremia were calculated
by Kaplan–Meier. The cut-off points of the original MEDS, WPS, qSOFA, and REMS were 10, 5, 1,
and 6. Abbreviations: MEDS, Mortality in Emergency Department Sepsis; REMS, Rapid Emergency
Medicine Score; qSOFA, quick Sepsis-related Organ Failure Assessment; WPS, Worthing Physiological
Scoring system.
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Figure 4. The cumulative 30-day survival rates of patients with Vibrio bacteremia were calculated
by Kaplan–Meier. The cut-off points of the modified MEDS, WPS, qSOFA, and REMS were 10, 5, 1,
and 6. Abbreviations: MEDS, Mortality in Emergency Department Sepsis; REMS, Rapid Emergency
Medicine Score; qSOFA, quick Sepsis-related Organ Failure Assessment; WPS, Worthing Physiological
Scoring system.
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Figure 5. Discrimination plots showing the mortality rates of 71.4%, 75.0%, 50.0%, and 30.0% in the
original scoring systems of the MEDS, WPS, qSOFA, and REMS if the cut-off points were more than
10, 5, 1, and 6, respectively. Abbreviations: MEDS, Mortality in Emergency Department Sepsis; REMS,
Rapid Emergency Medicine Score; qSOFA, quick Sepsis-related Organ Failure Assessment; WPS,
Worthing Physiological Scoring system.
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Figure 6. Discrimination plots showing the mortality rates of 75.0%, 66.7%, 55.6%, and 33.3% in the
scoring systems of the modified MEDS, WPS, qSOFA, and REMS if the cut-off points were more
than 10, 5, 1, and 6, respectively. Abbreviations: MEDS, Mortality in Emergency Department Sepsis;
REMS, Rapid Emergency Medicine Score; qSOFA, quick Sepsis-related Organ Failure Assessment;
WPS, Worthing Physiological Scoring system.

4. Discussion

Our study showed an overall mortality rate of 25%, with 31.5% due to V. vulnificus
(n = 6/19). The reported mortality rate of Vibrio infection was about 19~39%, and 37% in
another study in medical centers in Taiwan [6,13,16,24]. V. vulnificus was the most common
cause of Vibrio-related illness and demonstrated high mortality; about 36% in a previous
study in the United States [25].

In the previous studies, the ratio of male to female patients was 2:1 in Taiwan [26]
and 3.6:1 (84.8%) in mainland China [27]. The results of these studies indicated that Vibrio
infection is more likely to occur in males. Our study also demonstrated that cirrhosis was
the most common comorbidity, accounting for 27.8%, and chronic liver disease represented
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36.1%, similar to the previous research [8,25,28,29]. Liver diseases appeared more common
in males [30], which might explain why the proportion of males with Vibrio bacteremia had
a higher prevalence rate.

In the clinical course, hypotension was an unfavorable prognostic factor [31]. Hypoten-
sion indicated a more severe state of septic shock and was associated with an increased
mortality rate [32,33]. Additionally, a significant increase in mortality was observed in
cases when urgent hemodialysis was required. Previous studies already supported this
finding [34,35]. Other interventions, such as intubation and vasopressor use, did not differ
significantly.

The antibiotic treatment for Vibrio bacteremia typically involves a third-generation
cephalosporin combined with tetracycline or fluoroquinolone [36–38]. Vibrio bacteremia
often exhibited poor responsiveness to the treatment of penicillin. In our study, most cases
received treatment with cephalosporins, including ceftriaxone or cefepime, upon arrival
at the ED. However, there were six cases where an immediate assessment of the potential
source of infection was not feasible due to clinical presentations or patient history inquiries.
Consequently, these cases were treated with other broad-spectrum antibiotics—five with
piperacillin and one with oxacillin. Notably, the mortality rate among this group of patients
was significantly higher.

In microorganisms, V. vulnificus was the most common species causing Vibrio
bacteremia [2,39]. This pathogen was prevalent in estuarine waters, aligning with the
geographical environment of Taiwan—a seafood-rich island surrounded by the sea on all
sides. The second most common species was V.cholerae, non-O1 and non-O139, predominant
among V. non-vulnificus. V. cholerae, non-O1 and non-O139, was often associated with
infectious diarrhea or contaminated water [40]. Taiwan, situated in the subtropics, possesses
geographical features conducive to the growth of these bacterial strains.

A number of clinical scoring systems exist to quickly stratify patients and identify
potentially severe conditions in both the ED and intensive care unit based on variable
physiological parameters [22,41]. These simple and user-friendly clinical scoring systems
enable physicians to quickly decide on the treatment plans for patients and start early
goal-directed therapies, including the administration of suitable antibiotics.

The original MEDS score, developed by Shapiro et al. in 2003, incorporates various
clinical parameters such as terminal disease, respiratory difficulty, septic shock, platelet
count, band proportion, age, lower respiratory infection, nursing home residence, and al-
tered mental status [42]. This scoring system has been shown to accurately estimate the risk
of mortality in emergency department patients with suspected infectious conditions [43].
In Taiwan, the MEDS score is commonly utilized for predicting mortality among patients
suffering from community-acquired bacteremia [44]. Higher original MEDS scores were
found in the non-survivors in this single-center retrospective study. Moreover, the applica-
tion of multivariate logistic regression revealed that the AUC of ROC for the original MEDS
score was 0.833, alongside a sensitivity of 66.7% and a specificity of 92.6%. This highlights
its capability to predict mortality in Vibrio bacteremia cases, using a cut-off point of 10.

This study modified the scoring systems by choosing the predictive factors, including
BUN and pH, according to univariate and multivariate analyses. Previous studies have
highlighted the predictive capability of BUN or the BUN-to-albumin ratio for the mortality
rate in bacteremia [45–47]. A study in South Korea also suggested that pH levels can aid in
estimating the mortality rate of Vibrio infections [48].

The original MEDS and qSOFA were designed for simplicity and ease of calculation,
often excluding blood test data [49–51]. However, this simplicity came at the cost of some
accuracy. In cases where blood test data were available, we enhanced these commonly
used scoring systems with laboratory data (BUN and pH) to improve their predictive
accuracy, specifically for Vibrio bacteremia. Although they lead to a few minutes’ delay
for the blood test results, the modified MEDS and qSOFA will significantly benefit from
advancements in testing technologies—making such waits considerably shorter than before.
This enhances our ability to predict a patient’s condition’s severity accurately. We believe
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that a few minutes’ delay can bring advantages, such as more precise diagnoses, and can
avoid unnecessary treatment expenses and the risks associated with delayed treatment,
ultimately leading to significant long-term savings in healthcare costs.

5. Limitation

There were several limitations in this study. First, this was a single-center retrospective
study with a relatively small sample size. This may have led to some analyses showing no
significant difference and a selection bias or confounding variables not accounted for in
the analysis. Second, Vibrio bacteremia is a rare clinical entity, so finding a control group
without Vibrio bacteremia in this retrospective study was challenging. Third, compared
to previous studies, we did not document or analyze data related to the source or site of
infection in these Vibrio bacteremia patients. Fourth, our study modified those existing
scoring systems, and while we did see improvements in sensitivity and specificity, it may
still need to catch up to our ideal expectations.

6. Conclusions

The original MEDS could serve as reliable indicators for forecasting the mortality rate
of patients grappling with Vibrio bacteremia. This study modified the MEDS and qSOFA
by increasing the laboratory variables, including BUN and pH, to strengthen the predictive
performance for the mortality risk of Vibrio bacteremia. It is advocated to promptly initiate
targeted therapeutic interventions and judicious antibiotic treatments to curb fatality rates.
Substantive, expansive investigations are requisite to engender deeper insights into the
malady and ensure maximal patient well-being.
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Abstract

Introduction: Falls are the leading cause of Emergency Department (ED) presentations
among residents from residential aged care facilities (RACFs). While most current studies
focus on post-fall evaluations and fall prevention, limited research has been conducted on
decision-making in post-fall management. Objective: To develop and internally validate
a model that can predict the likelihood of RACF residents being discharged from the
ED after being presented for a fall. Methods: The study sample was obtained from a
previous study conducted in Shepparton, Victoria, Australia. Consecutive samples were
selected from January 2023 to November 2023. Participants aged 65 and over were included
in this study. Results: A total of 261 fall presentations were initially identified. One
patient with Australasian Triage Scale category 1 was excluded to avoid overfitting, leaving
260 presentations for analysis. Two logistic regression models were developed using
prehospital and ED variables. The ED predictor model variables included duration of ED
stay, injury severity, and the presence of an advance care directive (ACD). It demonstrated
excellent discrimination (AUROC = 0.83; 95% CI: 0.79–0.89) compared to the prehospital
model (AUROC = 0.77, 95% CI: 0.72–0.83). A simplified four-variable Discharge Eligibility
after Fall in Elderly Residents (DEFER) score was derived from the prehospital model.
The score achieved an AUROC of 0.76 (95% CI: 0.71–0.82). At a cut-off score of ≥5, the
DEFER score exhibited a sensitivity of 79.7%, a specificity of 60.3%, a diagnostic odds ratio
of 5.96, and a positive predictive value of 85.0%. Conclusions: The DEFER score is the first
validated discharge prediction model for residents of RACFs who present to the ED after
a fall. Importantly, the DEFER score advances personalised medicine in emergency care
by integrating patient-specific factors, such as ACDs, to guide individualised discharge
decisions for post-fall residents from RACFs.

Keywords: Advance Care Directive (ACD); detection; emergency department (ED); falls;
prehospital care; nursing home; personalised medicine; prediction; residential aged care
facilities (RACF)
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1. Introduction

Falls are the most common reason for residents of residential aged care facilities
(RACFs) to be transferred to the emergency department (ED) [1]. Residents who experience
a fall are often transferred to the ED for assessment and monitoring. However, such trans-
fers do not always reveal significant medical issues, and many individuals are discharged
from the ED and returned to the RACF [2].

Routine transfer of post-fall patients to the ED can have significant consequences,
including deterioration and delirium, thus worsening patient outcomes [3]. Additionally,
such transfers increase healthcare utilisation and strain the healthcare system, leading to
ED overcrowding and ambulance ramping [4]. The decision to transfer post-fall patients to
the ED also arises from the absence of effective decision-making models that can guide the
process regarding individuals who experience a fall in RACFs [5].

Existing models, such as the Morse Fall Scale and STRATIFY, are designed to identify
the risk of falls and help prevent them [6]. They are not designed to facilitate decision-
making about discharging post-fall patients from the ED. Models such as the Identification
of Seniors at Risk and the Triage Risk Screening Tool assess the long-term vulnerability of
post-fall patients but do not guide in deciding whether post-fall patients should remain in
the ED or be discharged [7]. Furthermore, early warning system (EWS) scores that utilise
physiological parameters, such as the National Early Warning System 2 (NEWS2) and the
Modified Early Warning System (MEWS), lack specificity for this cohort of patients and
often focus on short-term deterioration rather than facilitating discharge decisions [8,9].

To date, no validated model exists to facilitate decision-making regarding the discharge
of RACF residents from the ED after they have been presented for a fall. Such models are
essential, as they may assist RACF nursing staff members in managing post-fall patients
within RACFs, as well as paramedics and ED staff members in making rapid discharge
decisions. They may also reduce healthcare utilisation and admission-related complications
and improve patient-centred care.

Furthermore, the current practice of transferring all post-fall patients to the ED does
not provide personalised care in RACFs for geriatric patients [2,10]. Tailoring healthcare
decisions to individual patient characteristics, is particularly crucial in managing fall-related
injuries among RACF residents due to their diverse health profiles and care needs [2].

To address these needs, this study aimed to develop and internally validate a predic-
tion model to determine the likelihood of RACF residents being discharged from the ED
after presenting for a fall. This study also developed a simplified scoring system, known
as the Discharge Eligibility after Fall in Elderly Residents (DEFER) score, to assess the
likelihood of discharge for post-fall patients from the ED. The DEFER score aims to provide
a tool that facilitates shared clinical decision-making among RACF nursing staff members,
paramedics, and ED teams.

2. Methods

2.1. Design and Data Source

The study sample comprised the full dataset from a previous study conducted at
Goulburn Valley Health (GVH) [10]. All patient information was obtained from GVH’s
digital medical records (DMR). GVH is a rural hospital in Shepparton, 180 km north
of Melbourne, Victoria, Australia. The study period was from 1 January 2023, to 19
November 2023.

During data collection, one case was excluded because of incomplete data. This
exclusion was deemed to have a negligible impact on the study’s validity or findings, and
there were no missing data in the analysis dataset. This secondary analysis was conducted
with the same ethical approval as the original study, which was retrospectively approved
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by the GVH Human Research Ethics Committee in 2024 before data collection and analysis.
The risk to patients is minimal as this study used a retrospective review of de-identified
patient data, with a waiver of consent granted (Approval number: GVH 25-24).

2.2. Population

This study collected data from individuals aged 65 or older who lived in RACFs
and had presented to the ED due to fall-related presentations during the study period.
Individuals were selected using triage notes, ICD-10 codes, and injury classifications.
(Appendix A) This study excluded cases in which the patient died on arrival, the fall
occurred outside the RACF (e.g., in the hospital or community), or an external cause
(such as a motor vehicle accident) precipitated the fall. (Figure 1. Patient flow) A 10%
random data audit showed an inter-rater agreement rate of 99.6%, indicating a robust data
extraction process. The sample size was deemed to be sufficient based on the previous
study.

Figure 1. Flow chart of study sample selection.

2.3. Variables

The dependent variable was ED disposition, which was defined as whether the patient
was admitted to the ED or discharged. If patients were admitted during an ED stay, the
final disposition was from the ED or short-stay unit (an observation unit located within
the ED). The key independent variables were injury severity, injury region, presence of an
obvious injury, presence of pain, presence of an advance care directive (ACD), and duration
of ED stay. In addition, the triage category was collected using the Australian Triage Scale
(ATS, which ranges from 1 to 5, where 1 is the most urgent).

Independent variables included: Injury severity, which was classified as major or
minor. Fractures, intracranial injuries, multiple injuries, and dislocations were considered
major injuries, whereas superficial lacerations, muscle/tendon injuries, sprains/strains,
and isolated open wounds were considered minor injuries. The injury region was classified
as central or peripheral based on the anatomical region (Appendices B and C). An obvious
injury was deemed to be present if there were any visible injuries, including haematoma,
bruising, altered consciousness, inability to bear weight, and joint/bone angulation. The
presence of pain was ascertained based on triage notes. The presence of an ACD was
determined by reviewing triage notes, the ED discharge summary, and documents related
to advance care planning. The duration of ED stay was automatically populated by the
DMR and calculated from the time of ED presentation to the time of ED discharge or
admission for inpatient care. As GVH is not a tertiary hospital, transfers out of GVH for
admission or tertiary ED presentations were also included in the admissions count.
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2.4. Data Analysis

All statistical analyses were conducted using Stata version 18 SE. For all inferential
tests, statistical significance was set at α = 0.05. Patient characteristics, as described in the
ED, were compared for model development.

2.5. Model Development and Selection Strategy

Using Transparent reporting of a multivariable prediction model for individual prog-
nosis or diagnosis as a guide, this study constructed prehospital and ED models using the
respective variables in each setting. Only one case had an ATS triage level 1; therefore, it
was excluded from data analysis to avoid overfitting.

Due to the small sample size and to avoid overfitting, multiple statistical methods were
used in the model development. Initially, multivariate logistic regression was conducted to
exclude non-significant variables. Then, the selection of remaining variables was refined
using multiple complementary methods, including backward, forward, and stepwise
selection, as well as likelihood ratio tests (p < 0.05), to ensure parsimony and model
robustness. LASSO regression, which applies regularisation to shrink noninformative
coefficients, was also used. In addition, we limited the number of predictors relative to the
number of events and performed ten-fold cross-validation to evaluate model stability and
generalisability. These steps were explicitly undertaken to minimise overfitting given the
modest sample size.

Furthermore, a block-wise nested model testing approach was used to assess the
incremental contributions of added variable blocks to the model’s performance. For each
modelling strategy, discrimination and model fit were compared using the area under
the receiver operating characteristic curve (AUROC), the Akaike information criterion
(AIC), and the Bayesian information criterion (BIC). The final model for each setting was
selected based on discrimination, simplicity, and internal stability. In this study, AUROC
values between 0.60 and 0.69, 0.70 and 0.79, 0.80 and 0.89, and 0.90 and 1.0 indicated poor,
acceptable, good, and excellent discriminatory powers of the outcome, respectively [8].

2.6. Model Evaluation and Internal Validation

Model discrimination was assessed using AUROC with 95% confidence intervals
(CIs). The DeLong test was used to compare the significance of the two models [11]. Model
calibration was evaluated using the Hosmer–Lemeshow goodness-of-fit test and by visually
inspecting calibration plots that compared predicted and observed discharge rates across
deciles. The predictive accuracy was further assessed using the Brier score, which was de-
composed into components of reliability, resolution, and uncertainty. Classification metrics
based on a 0.5 threshold were used to evaluate model performance, including sensitivity,
specificity, positive and negative likelihood ratios (LR+, LR−), and diagnostic odds ratios
(DORs). Ten-fold cross-validation was conducted to estimate the internal validity of the
models. Odds ratios (ORs) were monitored for consistency, and multicollinearity was
assessed using variance inflation factors (VIFs) to ensure model stability. Model sensitivity,
specificity, and positive and negative predictive value (PPV, NPV) were also reported. To
reduce the risk of overfitting with the modest sample size, we performed internal validation
using 1,000 bootstrap replications. Model performance (AUROC) from each resample was
compared with the original sample to calculate optimism-corrected AUROC and 95% CI.
Finally, clinical utility was examined using decision curve analysis (DCA), which quantified
the net benefit across varying decision thresholds.
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2.7. Derivation of the DEFER Score

After validating the prehospital model, the final prehospital logistic regression model
was converted into a four-variable scoring system for its application in clinical practice.
The variable selection process is the same as that for the ED/prehospital model selection,
including backward, forward, stepwise selection, and LASSO regression. The predictor
variables retained in the final prehospital model were converted into integer-point values
by scaling and rounding the original logistic regression coefficients. Higher DEFER scores
are intentionally aligned with a greater likelihood of safe discharge.

This transformation preserved each variable’s relative predictive contribution while
enabling easy calculation in a clinical setting. It also led to the creation of the DEFER score,
which ranges from 2 to 9. The point allocation reflects reduced clinical severity and fewer
significant findings (e.g., minor injuries, absence of obvious injuries, or the presence of
an ACD), which collectively indicate that the patient is more likely to be managed within
RACF settings.

2.8. Evaluation of the Performance of the DEFER Score

The DEFER score was subjected to the same tests as the original ED/prehospital model
to assess its discriminatory performance, calibration, and clinical utility. The AUROC, Brier
score, Hosmer–Lemeshow goodness-of-fit, ten-fold cross-validation, DCA, and DOR were
redetermined for the DEFER score. Although the Liu method identifies a cut-off point of
5.5, we selected a threshold of ≥5 for the DEFER score due to its clinical interpretability and
superior predictive value in identifying patients suitable for discharge from the ED [12].
Consequently, the patients were divided into two groups based on the total score calculated
from specific variables: low discharge-likelihood group (<5) and high discharge-likelihood
group (≥5).

3. Results

A total of 261 RACF presentations occurred during the study period. 69.4% were
discharged from ED (n = 181) and 30.6% were admitted for inpatient care (n = 80). The
discharged patients were more likely to have ACD, minor injuries, peripheral injuries,
and lower ATS triage levels (p < 0.05 for all variables). Other factors, such as the use of
anticoagulants (p = 0.75) and computer tomography brain imaging (p = 0.14), did not vary
significantly between the two groups (Table 1).

3.1. Model Development and Discriminative Performance

After removing one case with triage level 1, 260 presentations were analysed. The ED
and prehospital models were developed using logistic regression and multiple variable
selection processes. Using variables exclusively available at first clinical contact, the
prehospital model retained four predictors: injury severity, presence of an obvious injury,
presence of an ACD, and presence of pain. The ED model incorporated information
available after in-hospital assessment and included three predictors: duration of ED stays
(a post hoc predictor), injury severity, and presence of an ACD (Table 2).
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Table 1. Characteristics of ED presentations following falls in RACFs by discharge status (n = 261).

Characteristics of ED Presentations

Total Discharged Admitted p Value

261 181 (69.4%) 80 (30.6%)

Age, median (max-min) 87 (66–101) 87 (68–101) 86 (66–101) 0.538 †

Prior medical review 50 37 (74.0%) 13 (26.0%) 0.428

First Nations status 9 6 (66.7%) 3 (33.3%) 0.819

Duration of ED stay (mean
minutes, SD)

629.8 (450.7) 485.1 (368.2) 956.9 (450.9) <0.001

Use of anticoagulant or
antiplatelet agents

156 107 (68.6%) 49 (31.4%) 0.746

Female 166 115 (69.3%) 51 (30.7%) 0.974

Mode of Presentation, n (%)

Ambulance 250 172 (68.8%) 78 (31.2%)
0.359

Private vehicle 11 9 (81.82%) 2 (18.18%)

ATS, n (%)

ATS-1 Immediate 1 1 (100%) 0 (0%)

ATS-2 Time-Critical 17 8 (47.1%) 9 (52.9%)

0.028ATS-3 Urgent 216 149 (69.0%) 67 (31.0%)

ATS-4 Potential 27 23 (85.2%) 4 (14.8%)

Injury Severity, n (%)

Major 132 73 (55.3%) 59 (44.7%)
<0.001

Minor 129 108 (83.7%) 21(16.3%)

Body Injury Region, n (%)

Central 180 48 (26.7%) 132 (73.3%)
<0.001

Peripheral 81 49 (60.5%) 32 (39.5%)

ACD, n (%)

Presence of ACD 115 91 (79.1%) 24 (20.9%) <0.001

Advised transfer to ED 53 9 (17.0%) 44 (83.0%)
0.719 ‡

Against transfer to ED 15 3 (20.0%) 12 (80.0%)

ED Triage Notes, n (%)

Fall 257 177 (68.9%) 80 (31.1%) 0.316 ‡

Obvious injuries 140 85 (60.7%) 55 (39.3%) <0.001

Head strike 71 52 (73.2%) 19 (26.8%) 0.405

CTB, n (%)

Had CTB 192 138 (71.9%) 54 (28.1%) 0.140

Normal CTB results 180 133 (73.9%) 47 (26.1%)
<0.001 ‡

Abnormal CTB results 11 4 (36.4%) 7 (63.6%)

Bold text in the p values indicates p < 0.05. † Mann–Whitney U-test; ‡ Fisher’s exact test. All other p-values
were calculated using the chi-square test. p < 0.05 was considered statistically significant. Abbreviations:
ACD = Advance Care Directive; CTB = computerised tomography brain scan; ATS = Australasian Triage Scale.
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Table 2. Multivariate logistic regression analysis of factors associated with emergency department
discharge following fall-related presentations from residential aged care facilities (n = 260) p value in
bold indicates p < 0.05.

Variable Adjusted Odds Ratio 95% CI (Lower-Upper) p Value

Presence of ACD 2.8877 1.3773–6.0543 0.005

ATS 2.6892 1.0634–6.8008 0.037

CTB performed 2.1835 0.9149–5.2114 0.078

Body injury region (Central vs. Peripheral) 1.5383 0.6699–3.5328 0.310

Sex (Male vs. Female) 1.2519 0.5914–2.6501 0.557

Fall was documented in the triage notes 1.1072 0.5694–2.1530 0.764

Age 1.0130 0.9637–1.0649 0.611

Prior medical review 0.9013 0.3597–2.2582 0.824

First Nations status 0.7013 0.2493–1.9728 0.501

Anticoagulant/antiplatelet use 0.6380 0.3079–1.3222 0.227

Head strike in triage notes 0.8394 0.3586–1.9644 0.686

Pain was documented in the triage notes 0.4802 0.2079–1.1091 0.086

ED duration (minutes) 0.9974 0.9966–0.9983 <0.001

Obvious injury 0.2393 0.1022–0.5603 0.001

Injury severity 0.2004 0.0941–0.4270 <0.001

Outcome variable: ED disposition (vs. admission). Abbreviations: ACD = Advance Care Directive;
CTB = computerised tomography brain; CI = Confidence Interval; ATS = Australian Triage Scale. The model was
adjusted for age, sex, injury severity, CTB findings, ACD presence, and other covariates as listed. Values represent
adjusted odds ratios from a multivariate logistic regression model. Bold text in 95% CI (Lower-Upper) indicates
aOR did not cross 1.

The ED model (AUROC = 0.83; 95% CI: 0.79–0.89) and the prehospital model
(AUROC = 0.77; 95% CI: 0.72–0.83) demonstrated acceptable to excellent discrimina-
tion. A comparative analysis using the DeLong test confirmed that the ED model signifi-
cantly outperformed the prehospital model in distinguishing discharge outcomes (p = 0.04)
(Figure 2).

Figure 2. The area under the Receiver operating characteristic (AUROC) curve compares the ED-
based model (Blue colour, AUROC 0.83) with the prehospital model (Red colour, AUROC 0.77) in
predicting discharge. The ED model curve is above the prehospital model curve, indicating better
discrimination.
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3.2. Evaluation of Model Performance and Validation

The calibration of both models was acceptable. The Hosmer–Lemeshow goodness-of-
fit test showed a non-significant result for both models, indicating the absence of miscalibra-
tion. Specifically, the ED model showed χ2 (8) = 12.21, p = 0.14, while the prehospital model
showed χ2 (7) = 2.23, p = 0.95. Visual inspection of the calibration plots revealed close
agreement between the predicted and observed probabilities in the ED model, whereas the
prehospital model showed a modest overprediction (Appendix D).

According to the Brier scores, the predictive accuracy was better in the ED model
(0.15) than in the prehospital model (0.17). The decomposition of this score showed greater
resolution (0.06 vs. 0.04) and higher reliability (0.006 vs. 0.001) in the ED model, as well
as equivalent uncertainty (0.21) across both models. Classification metrics based on a
0.5 threshold further highlighted the differences in the performance of the two models. The
ED model showed a sensitivity of 90.6%, specificity of 56.3%, LR+ of 2.07, LR− of 0.17, and
DOR of 12.33. Meanwhile, the prehospital model showed a sensitivity of 86.1%, specificity
of 47.5%, LR+ of 1.64, LR− of 0.29, and DOR of 5.61.

Ten-fold cross-validation revealed good results for both models. The ED model exhib-
ited a mean AUROC of 0.84, whereas the prehospital model showed a mean AUROC of 0.73.
The predictor coefficients remained stable across folds, and no evidence of multicollinearity
was detected. Internal validation using 1,000 non-parametric bootstrap methods showed
the AUROC of the ED model was 0.84 (95% CI: 0.79–0.89; bootstrap standard error 0.03,
p < 0.001), while the prehospital model had an AUROC of 0.78 (95% CI: 0.71–0.84; bootstrap
standard error 0.0309, p < 0.001). The DCA demonstrated that both models provided
greater net benefits than default strategies (‘treat all’ or ‘treat none’) across clinically rele-
vant thresholds. The ED model performed marginally better than the prehospital model
(Appendix E).

3.3. Derivation and Performance of the DEFER Score

The final prehospital model was translated into a simplified scoring system to support
clinical implementation. This system comprised the DEFER score, which was calculated
based on four predictors: injury severity, presence of an obvious injury, presence of an
ACD, and presence of pain at the time of examination. Each assigned weighted-point value
was based on the scaled regression coefficients.

The scoring algorithm and component weights are listed in Table 3. We assigned
2 points for a minor injury, 0 points for a major injury, 2 points for the absence of an obvious
injury, 0 points for the presence of an obvious injury, 2 points for the absence of pain,
1 point for the presence of pain, 3 points for the presence of an ACD, and 1 point for the
absence of an ACD. Consequently, the total score ranged from 2 to 9 (Table 3), and higher
scores indicated an increased likelihood of ED discharge.

Patients were divided into two groups based on their discharge likelihood scores. The
observed discharge rates for the low and high discharge-likelihood groups were 39.7% and
79.7%, respectively, reflecting clinically meaningful differences in discharge probability. For
example, consider a 75-year-old RACF resident who presents after a fall with a minor lower
limb laceration only (+2 points), no obvious external injuries such as fractures (+2 points),
an existing advance care directive in place (+3 points), and reports pain on the laceration
site only (+1 point). The total DEFER score would be 2 + 2 + 3 + 1 = 8 points. A score
of 8 is ≥5, indicating a high likelihood of safe discharge, which means the patient can
typically be managed in the RACF setting with appropriate follow-up rather than requiring
hospital admission.
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Table 3. Variables and points allocation in the DEFER score.

Variable Condition Points

Injury severity
Minor injury +2

Major injury 0

Obvious injury
No obvious injury +2

Obvious injury 0

Advance Care Directive
Present +3

Absent +1

Pain on examination
Absent +2

Present +1

Total DEFER Score (Range: 2 to 9)

Interpretation
Score ≥5 Increased likelihood of safe discharge

Score <5 Consider further evaluation or admission

Post DEFER score testing, an AUROC of 0.76 (95% CI: 0.71–0.82) was achieved. The
Hosmer–Lemeshow goodness-of-fit test showed non-significant results (χ2 (5) = 2.44,
p = 0.79), indicating the absence of miscalibration between the predicted and observed
discharge outcomes. With a cross-validated AUROC of 0.74 (95% CI: 0.68–0.81), the DEFER
score showed robust internal validity and confirmed good discriminative performance
across subsamples. The DEFER score also demonstrated good calibration with a cross-
validated Brier score of 0.18. A calibration plot based on the decile grouping of the predicted
probabilities revealed a close alignment between the predicted and observed discharge rates,
indicating reliable probabilistic performance across risk strata (Appendix F). Furthermore,
the DeLong test demonstrated that the DEFER score achieved comparable discrimination
to the prehospital model (χ2 (1) = 1.38, p = 0.24).

Although Liu’s method identified a mathematically optimal cut-off score of 5.5, the
DEFER score is an integer-based tool. Thus, a sensitivity analysis was conducted at these
thresholds, including cut-off scores of ≥5 and ≥6, and using Liu’s method at a cut-off
score of 5.5. At cut-off score ≥5, the DEFER score achieved a sensitivity of 79.7% (95% CI:
73.3–85.1%), specificity of 60.3% (95% CI: 47.7–72.0%), PPV of 85.0% (95% CI: 78.9–89.9%),
and NPV of 51.2% (95% CI: 39.8–62.6%). This threshold provided the best balance for
identifying patients suitable for discharge.

At cut-off score ≥6, sensitivity increased to 87.5% (95% CI: 79.9–93.0%) but specificity
dropped to 44.6% (95% CI: 36.4–53.0%), with PPV declining to 54.4% (95% CI: 46.9–61.9%)
and NPV improving to 82.5% (95% CI: 72.4–90.1%). This lower specificity results in more
false positives at the cut-off score of ≥6. This indicates that patients who score high on the
DEFER may still require hospital admission. In this context, false positives are less desirable
than false negatives, as failing to provide ED-level care to patients who require inpatient
care could result in missed treatment opportunities or delayed detection of deterioration.

The Liu method’s cut-off score of 5.5 achieved a specificity of 82% and a sensitivity of
54%, but PPV and NPV were not reported. This threshold would miss nearly half of the
true discharges, limiting the tool’s usefulness. For the above reasons, the cut-off score ≥5
was selected as a clinically practical cut-off score, optimised as a rule-in tool that balances
sensitivity and specificity while minimising the risk of inappropriate discharge. At the
cut-off score ≥5, the DEFER score crosses a broad range of threshold probabilities (0.4–0.7)
(Appendix G).
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4. Discussion

4.1. Key Findings

The prediction model developed from ED and prehospital settings can be used to de-
termine the likelihood of an RACF resident being discharged from the ED after a fall-related
presentation. When comparing the two models, the prehospital model demonstrated a
lower AUROC (0.77) than the ED model (0.83). Variables such as frailty, comorbidities,
and cognitive status—known to influence fall outcomes—were omitted because they were
not available in the dataset. This absence likely reflects that such assessments are not
consistently documented in RACF records or prehospital settings, which may limit the
generalisability of the prehospital model.

The newly developed and internally valid DEFER score is novel and innovative. The
four-variable aggregate score ensures user friendliness while demonstrating good predic-
tive power. The DEFER score supports more efficient resource allocation and improves
patient-centred care by accurately identifying patients who may be rapidly discharged
from the ED or managed within the RACF. Before this study, no validated tool existed to
guide ED discharge decisions for RACF residents transferred to the ED after a fall.

The variables included in the DEFER score facilitate rapid decision-making in environ-
ments where access to physiological data is limited or absent. The discovery of ACD as a
predictor for discharge decision-making highlights the importance of patients’ wishes in
medical care. Incorporating patients’ wishes enables patient-centred care and may drive
system-wide improvements in healthcare efficiency for RACF residents experiencing falls.

4.2. Clinical Utility of the DEFER Score

Unlike other EWS scores, such as NEWS2 or MEWS, the DEFER score uses non-
physiological parameters [9]. The variables included in this score are often accessible
during decision-making, making the DEFER score a pragmatic solution for discharge
decision-making in settings where diagnostic infrastructure is unavailable or limited. This
score may streamline ED disposition decisions and help prevent avoidable admissions,
offering significant value to resource-constrained rural hospitals.

The DEFER score may be integrated into inter-professional communication to ensure
the best outcomes for RACF residents who experience a fall. Integrating the handover
process among RACF nursing staff members, paramedics, and the ED team can facilitate a
shared decision-making process that aligns with patients’ wishes. When the DEFER score
≥5, it supports the decision to discharge; such patients may be safely cared for within
the RACFs.

However, to manage residents within the RACF, facilities must ensure appropriate
medical follow-up (for instance, by using telehealth consultations or medical reviews) and
monitor the patients for delayed complications [13]. Implementing our model in practice
would entail strengthening the care capabilities of RACFs and improving communication
with ED and ambulance services.

In practice, a DEFER score of ≥5 indicates approximately an 80% chance that the pa-
tient can be discharged safely, whereas a score of <5 suggests caution and likely admission.
However, integrating key clinical exclusions, such as unstable vital signs or concerning
injuries, may enhance safety and sensitivity, especially for paramedics or RACF staff decid-
ing whether an ED transfer is required. This is because the DEFER score was optimised for
specificity and PPV and intended to function as a rule-in tool for discharge rather than as a
broad screening instrument.
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4.3. Other Factors Influencing Discharge

Discharge decisions, the management of patients within RACFs, and long-term fall
outcomes are often complex in RACF settings [14]. Moreover, several complex conditions
must be considered among RACF residents, such as existing comorbidities, frailty, cog-
nitive changes, and, more importantly, post-fall physiological changes [15,16]. Thus, like
any other EWS score, the DEFER score alone cannot predict post-fall outcomes in a real
clinical context.

Variables in the DEFER score, such as pain and injury severity, may indirectly reflect
a resident’s physiological reserve or frailty [17]. When in doubt, a lower score should
be assigned, particularly in the presence of pain. ACDs often reflect care preferences
linked to cognitive or functional decline [18]. While the DEFER score prioritises feasibility,
essential in fast-paced or resource-limited settings, this focus limits its ability to address
more complex cases.

Like all other predictive scores, the DEFER score should complement clinical judge-
ment, not replace it. The DEFER score is designed not to reassure clinicians but to im-
prove decision-making by highlighting cases where discharge is highly likely and fur-
ther ED care may not be needed. Current post-fall protocols often reassure clinicians by
over-investigating rather than improving patient outcomes by providing patient-centred
care [19]. Importantly, the DEFER score is intended to be integrated within multidis-
ciplinary workflows involving RACF staff, paramedics, and ED clinicians, rather than
applied in isolation. It is designed to inform, not replace, clinical judgement—particularly
in cases where abnormal vital signs, clinical instability, or other red-flag features are present.
In such situations, clinical teams should prioritise comprehensive assessment and indi-
vidualised decision-making, using the DEFER score as a supportive guide rather than a
sole determinant.

While including ACDs in the DEFER score supports alignment with documented
preferences, variability in ACD documentation and interpretation presents an ongoing
challenge [18]. Documentation of ACDs can vary between RACFs, pre-hospital records, and
ED settings, potentially limiting the reliability of this predictor. Strategies to address this
include standardising ACD forms across services, implementing electronic health record
integration so that ACDs are accessible in real time, and providing staff training on routine
ACD verification and recording during transfers. Such measures could improve consistency
and further enhance the applicability of the DEFER score across various settings. Clinicians
should be aware that broader systemic or behavioural factors, including clinician risk
tolerance, institutional policies, and family expectations, may influence discharge decisions
in such models.

4.4. Advancing Personalised Medicine in Emergency Care with the DEFER Score

With the development of the DEFER score, along with recent advancements in person-
alised medicine, this study emphasises that the “one size fits all” approach should not be
applied in healthcare.

Recognising that individuals, particularly geriatric patients, have differences in genet-
ics, lifestyle, and, more importantly, individuals’ preferences, which all have an impact on
health outcomes [20]. Standardised protocols often failed to address the diverse needs of
patients, particularly patients from RACFs who had fallen. The DEFER score is a pioneering
tool designed to predict the likelihood of safe discharge for these patients by incorporating
non-physiological parameters, such as ACD. By integrating ACDs, the DEFER score ensures
that discharge decisions align with patients’ values and wishes, fostering a patient-centred
approach that respects individual preferences. This personalised strategy has the potential
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to reduce unnecessary hospitalisations, which can be costly and exacerbate health decline
in frail elderly patients.

Current research has demonstrated that personalised geriatric medicine can reduce
hospitalisation, which in turn, improves health outcomes [21]. Similarly, the DEFER score
aims to optimise resource use and enhance patient outcomes by facilitating timely, indi-
vidualised discharge decisions. The score’s simplicity and practicality make it particularly
suited for the fast-paced ED environment, where time constraints and high patient volumes
often hinder the implementation of personalised care. In addition, in resource-limited
settings, such as prehospital and within RACFs, the DEFER score serves a crucial and
valuable purpose in facilitating the decision-making process.

By providing a quick, straightforward method to incorporate patient-specific infor-
mation, the DEFER score enables clinicians to make informed, efficient, and personalised
decisions, addressing a critical gap in emergency care for vulnerable populations.

4.5. Implementation Pathway and Future Research

Future research should focus on external and prospective validation of the DEFER
score in diverse settings. This includes other rural, regional, and metropolitan healthcare
settings, particularly those with limited access to out-of-hospital care. Additionally, various
state-wide and local post-fall protocols require interstate validation studies. This will help
assess generalisability and refine the model’s performance. Prospective studies must also
address other downstream factors of RACF outcomes, such as readmission, mortality, and
patient or family satisfaction.

Integrating existing triage models, paramedic assessment tools, ED decision-making
models, and the RACF post-fall screening protocols may enhance the implementation of
the DEFER score. In the ED, the DEFER score may facilitate rapid triage decisions and
assist junior clinicians and discharge planners by providing structured, evidence-informed
support for complex discharge decisions. In prehospital settings, paramedics may use the
DEFER score to facilitate more detailed clinical examinations and observations, thereby
informing discharge decisions. In RACF settings, nursing staff members can apply the
DEFER score after a fall and use the results to guide consultations with general practitioners
and ambulance services.

The successful uptake of the DEFER score requires interprofessional education, align-
ment with existing protocols, and integration with the healthcare system. Future research
should explore optimal ways for integrating the DEFER score into clinical workflows, such
as incorporating it into ambulance assessment checklists or RACF nursing protocols. It
should also measure outcomes, such as reduced transfer rates and patient safety.

5. Strengths and Limitations

The DEFER score is a novel and clinically useful model for predicting discharge
outcomes among RACF residents presented to the ED after a fall. This score includes a
minimal set of variables—four non-physiological factors—readily available at the bedside,
thus facilitating rapid decision-making. Furthermore, the incorporation of ACDs in the
score ensures patient-centred care. However, several limitations exist before the widespread
application of the DEFER score.

First, this study’s inherent retrospective, single-centred design may have limited the
generalisability of its findings. While the DEFER score performed well in a rural Australian
cohort, external and prospective validation in metropolitan EDs and other rural regions
will help determine whether the model is accurate, especially when there are different
admission thresholds or RACF resources.
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Second, the dataset included only fall-related presentations that were brought to
the local ED. Data on patients managed within the RACF or bypassed the local ED was
unavailable. Thus, introducing a selection bias may reduce the overall performance of the
DEFER score.

Third, ‘safe discharge’ is a context-sensitive concept influenced by local factors, such as
RACF staffing, the availability of medical reviews, risk-averse practices within RACFs, local
admission norms, and diagnostic capacity. Consequently, the model’s recommendations
may not translate uniformly across settings with different care infrastructures.

In addition, our analysis assumed that factors such as pain and obvious injuries were
accurately documented. However, in practice, under-documentation may have affected the
model’s performance. Nevertheless, our comprehensive data extraction process ensured
that no missing data was present, which mitigates this concern.

Finally, despite rigorous model selection and validation, the small sample size may
have led to overfitting of the model, as other important factors such as comorbidities,
frailty, or cognitive status were not included in the subgroup analysis. As a result, the
DEFER score may be less applicable in residents with more complex clinical profiles, such
as patients with significant comorbidities, marked frailty, or cognitive impairment. In these
cases, additional clinical assessment and multidisciplinary input remain essential, and the
score should be interpreted with caution.

6. Conclusions

The prediction model developed from prehospital and ED settings effectively guides
ED discharge decisions for RACF residents presented to the ED after a fall. Such models
can also determine whether a patient can be managed within RACFs. Using four easily
obtainable variables, the newly developed DEFER score has a good discriminative effect
on decision-making. Notably, the inclusion of ACD ensures that discharge decisions are
aligned with each patient’s unique preferences and values, thereby advancing personalised
medicine in emergency care settings. This patient-centred approach is particularly crucial
for elderly patients, who often have complex care needs and specific wishes regarding
treatments, fostering respect for patients’ autonomy and enhancing care quality. However,
prospective studies are needed to confirm these results. Future studies should focus on
the external validation of the DEFER score and its integration into clinical workflows to
maximise its impact on RACFs and policies. The broader implementation of the DEFER
score has the potential to deliver system-level benefits, including reducing unnecessary
hospital admissions, optimising the use of limited healthcare resources, and enhancing
patient and family satisfaction with care.
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Appendix A. Inclusion Criteria

1. ICD-10 with a fall-related presentation in either primary or secondary diagnosis.

• W00-W19: Falls.
• R29.6: Tendency to fall, not elsewhere classified.
• X59: Exposure to unspecified factor causing other and unspecified injury.
• R26: Abnormalities of gait and mobility.
• R42: Dizziness and giddiness.
• H81: Disorders of vestibular function.
• R55: Syncope and collapse.
• W25: Contact with sharp glass fall involving glass.

2. If, based on documentation from the ED notes, the injury’s cause was due to a fall.

Appendix B. Injury Severity

Major Injuries:

• Fracture
• Intracranial Injury
• Multiple Injuries
• Dislocation
• Crushing Injury

Minor Injuries:

• Superficial
• Laceration
• Muscle/Tendon Injury
• Sprain/Strain
• Open Wound

Appendix C. Body Injury Location (Central vs. Peripheral)

Based on the criteria below and anatomical location, the body injury locations were
classified as central or peripheral. Patients with central and peripheral injuries were
classified as having a central injury.

Central classification:

• Hip;
• Back, lower (includes loin);
• Face;
• Neck;
• Abdomen;
• Pelvis (includes anogenital, perineum);
• Thorax;
• Head.

Peripheral body region:

• Knee;
• Ankle;
• Leg, lower;
• Shoulder;
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• Forearm;
• Hand (includes fingers);
• Elbow;
• Foot (includes toes);
• Wrist;
• Thigh;
• Upper arm

Appendix D. Calibration Plots for the ED and Prehospital Models
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Appendix E. Decision Curve Analysis Plot for the ED Model and
Prehospital Model

Appendix F. Calibration Plots for the DEFER and Prehospital Models

Appendix G. Decision Curve Analysis Plot for DEFER Score at a Cut-Off
of 5
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Abstract: Elderly patients, when they present to the emergency department (ED) or are admitted
to the hospital, are at higher risk of adverse outcomes such as higher mortality and longer hospital
stays. This is mainly due to their age and their increased fragility. In order to minimize this already
increased risk, adequate triage is of foremost importance for fragile geriatric (>75 years old) patients
who present to the ED. The admissions of elderly patients from 1 January 2014 to 31 December 2020
were examined, taking into consideration the presence of two different triage systems, a 4-level (4LT)
and a 5-level (5LT) triage system. This study analyzes the difference in wait times and under- (UT)
and over-triage (OT) in geriatric and general populations with two different triage models. Another
outcome of this study was the analysis of the impact of crowding and its variables on the triage
system during the COVID-19 pandemic. A total of 423,257 ED presentations were included. An
increase in admissions of geriatric, more fragile, and seriously ill individuals was observed, and a
progressive increase in crowding was simultaneously detected. Geriatric patients, when presenting to
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the emergency department, are subject to the problems of UT and OT in both a 4LT system and a 5LT
system. Several indicators and variables of crowding increased, with a net increase in throughput
and output factors, notably the length of stay (LOS), exit block, boarding, and processing times. This
in turn led to an increase in wait times and an increase in UT in the geriatric population. It has indeed
been shown that an increase in crowding results in an increased risk of UT, and this is especially true
for 4LT compared to 5LT systems. When observing the pandemic period, an increase in admissions of
older and more serious patients was observed. However, in the pandemic period, a general reduction
in waiting times was observed, as well as an increase in crowding indices and intrahospital mortality.
This study demonstrates how introducing a 5LT system enables better flow and patient care in an ED.
Avoiding UT of geriatric patients, however, remains a challenge in EDs.

Keywords: triage; emergency service; hospital; crowding; triage (under-triage); triage (over-triage);
geriatric emergencies; overcrowding and access block; overcrowding detection; overcrowding effect;
overcrowding; ED management

1. Introduction

Triage for geriatric patients is an open challenge for emergency physicians, especially
in increasingly overcrowded EDs [1–4]. In this Special Issue, we focus on the effects of
re-thinking the triage system in the geriatric population (>75 years) pertaining to our ED.

Due to an aging population, visits to emergency departments (EDs) by geriatric
patients are increasing worldwide. With increasing age, frailty is defined by multiple
aspects: among geriatric ED patients, a high proportion have balance difficulties, an
unsteady gait, require assistance for mobility, or have decreased muscle strength in their
lower limbs. Frail and elderly patients are at risk of adverse outcomes (for example:
mortality and prolonged hospital stays). In this respect, suitable triage for fragile geriatric
ED patients is a critical healthcare issue.

Waiting times have often been described as improving with the transition to the 5-level
triage system [3,4]; however, there is not complete agreement on this in the literature, as
on the other hand, a lengthening of waiting times has been described [5]. The various
triage systems need to identify and prioritize patients who require an urgent intervention
in a short time; therefore, it is important to find solutions with efficacy to reduce waiting
times [3–8]. For this reason, we went to see how the transition to the 5-level triage system
affected waiting times.

In EDs organized by areas of intensity of care, patients at triage receive a priority code
and are channeled toward low- or medium-high-intensity care areas [9,10].

It is the common opinion of the authors that 5LTs, due to their increased accuracy and
safety, are better than 3LT or 4LT systems. The fact that this advantage also affects geriatric
patients has not yet been widely studied [3,8,11–30].

The triage process is complex, and its complexity is even greater for geriatric patients
who are more prone to UT [31–38].

Hence, there is a need to study how UT and OT vary in reality during the transition
from a 4LT to a 5LT, especially in geriatric people.

Overcrowding compromises the quality of patient care, not just the quality received.
However, the reciprocal effects between crowding and triage are still not widely studied. In
particular, the influence of the various factors that determine crowding with triage waiting
times and the frequency of UT and OT requires investigation. In addition, the outcomes
associated with adopting a 5LT system have been explored in the field only by a few studies,
and with low numbers of patients [39–53].

Some real-life studies have focused on only one symptom or have enrolled a low
number of patients. Hence, there is a need to study triage with the complexity of real life in
a crowded ED with a large population.
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For all these reasons, we analyzed the triage efficacy for geriatric people in a real-life
ED, both in a four-level triage system (4LT) and in a five-level triage system (5LT). We
studied the waiting times (primary objective) and (secondary objectives) over- and under-
triage (OT and UT, respectively). Finally, we analyzed the relationships, in real life, between
crowding and triage and the functioning of the 5LT, also during the COVID-19 pandemic.

2. Methods

2.1. Study Design

We conducted a retrospective study, which encompassed the admittances to the ED
of the Foundation IRCCS Policlinic San Matteo from 1 January 2014 to 31 December 2020.
During this period, our ED underwent reorganization with a subdivision into areas of
different intensities of care and a shift from a 4LT (from 1 January 2014, to 30 November
2015) to a 5LT (from 30 November 2015, to 31 December 2020). The admissions during the
two periods were compared.

A tailored investigation was performed to investigate the data of interest. Anonymiza-
tion was performed in order to ensure confidentiality. The mandatory consent to data
utilization for medical and research purposes as well as health data processing, was ob-
tained at admission from all patients.

2.2. Endpoints

This investigation was conducted considering the number of patients presenting to
the ED during a period of time which was then further subdivided into two periods: the
4LT and 5LT periods. The objective was to ascertain the effects that the introduction of a
5LT system would have on wait times in geriatric (>75 years old) and young populations.
The secondary objective was to determine whether adopting a 5LT system had any effect
on the accuracy level of the triage of geriatric patients. The accuracy of triage in geriatric
people has been measured as the percentages of patients undergoing UT and OT, as well as
by verifying the correlation between the code attributed at triage by the triage nurse and
the severity code attributed at discharge by a physician.

A further outcome is the correlation between triage and crowding indices. The most ro-
bust crowding indices in the literature were used, such as the length of ED stay, total access
block time, and rate of access block [54–83]. For a detailed definition of the calculation of the
same, we referred to our previous publications [84–86]. Finally, we analyzed the proficiency
of a 5LT system during the exceptional circumstances of the COVID-19 pandemic.

2.3. Statistics

Continuous variables are expressed as means, medians, and interquartile ranges; qual-
itative variables are expressed as the number of observations and appropriate proportions.
The non-parametric Mann–Whitney test was used to make between-group comparisons
for continuous variables, according to their non-normal distributions. The χ2 test was
used to study associations between the qualitative variables. The statistical analysis was
performed with pertinent logistic multivariate regression models to assess the correlation
between time variables while accounting for crowding, exit block, and the different triage
periods. The differences in UT and OT by year of observation were examined using the test
of proportions. For each passage, the presence/absence of over-triage and under-triage
was modeled as a binary variable, as described in the Methods section, and the risk of
undergoing either UT or OT was defined as the odds ratio (OR) resulting from multiple
regression analysis adjusted for age, gender, and year of observation. The investigation was
performed for all the patients presenting in the selected period, as well as for subgroups in
which boarding or exit blocks were present. The significance level was set at alpha 0.05
(statistical significance at p < 0.05), and all tests were two-tailed.

The analyses were conducted using STATA software (version 14; Stata Corporation,
College Station, TX, USA, 2015). The ethics committee submitted and approved the study
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(protocol number: 20200114609). The analyses were made using data from the PIESSE
software (GBIM, Pavia, 2020).

3. Results

3.1. Overall

Geriatric patients (>75 years) constituted about 24% of the total population taken into
consideration, and their number grew over the years (from 21% to 24%) (Table 1). As can
be seen in the table below, the patients became increasingly complex, as can be seen from
the triage priority code, priority code at discharge, the need for high care intensity, and
outcomes (Table 1).

Table 1. Principal personal and ED presentation features of patients included in the study, by period
of observation.

Period

4LT 5LT p a
N (%) N (%)

Sex

Male 59,432 (51.2) 158,914 (51.7)

Female 56,628 (48.8) 148,283 (48.3) 0.002

Age

<75 91,102 (78.5) 234,512 (76.3)

75+ 24,968 (21.5) 72,686 (23.7) <0.001

Triage priority code

Code 5 13,443 (11.6) 25,748 (8.4)

Code 4 78,777 (67.9) 191,981 (62.5)

Code 3 0 (-) 17,297 (5.6)

Code 2 22,711 (19.6) 67,688 (22.0)

Code 1 1129 (0.9) 4484 (1.5) <0.001

Priority code at discharge

Code 5 29,240 (25.2) 43,141 (14.0)

Code 4 73,995 (63.8) 224,039 (72.9)

Code 3 0 (-) 425 (0.1)

Code 2 11,952 (10.3) 36,341 (11.8)

Code 1 873 (0.7) 3252 (1.2) <0.001

Care intensity

Low 92,220 (79.5) 235,026 (76.5)

Medium-to-high 23,840 (20.5) 72,172 (23.5) <0.001

Outcome

Discharge 94,701 (81.6) 246,413 (80.2)

Hospitalization 17,347 (14.9) 51,043 (16.6)

Transfer 2166 (1.9) 5746 (1.9)

Left without being seen 1385 (1.2) 2933 (0.9)

Other 461 (0.4) 1063 (0.4) <0.001
The 4LT period (T4) spanned from 1 January 2014 to 30 November 2015; the 5LT period (T5) spanned from 1
December 2015 to 31 December 2020; a: χ2 test.
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3.2. Wait Time for Geriatric Compared to Younger Patients

The differences between the wait times of geriatric (>75 years of age) and younger
patients had little statistical significance when considering Code 4 and Code 5 (about 1 or
2 min for codes 1, 2, 3, and 5; about 20 min for code 4) (Table 2).

Table 2. Wait time by period, code at presentation, and age.

Age < 75
Years

Age ≥ 75
Years

Period N
Median

(min)
Interquartile
Range (min)

p a N
Median

(min)
Interquartile
Range (min)

p a

Wait time

Non-urgency

Code 4 4LT 12,335 51.6 17.9–108.3 1108 57.4 21.4–116.5

Code 5 5LT 23,379 48.3 17.5–103.8 0.001 2369 50.0 18.2–109.0 0.037

Minor
urgency

Code 3 4LT 64,636 48.4 19.0–102.9 14,141 71.2 30.6–134.1

Code 4 5LT 156,088 53.1 20.6–115.9 <0.001 35,893 79.4 32.5–151.6 <0.001

Deferrable
urgency

Code 3 5LT 13,403 23.4 12.4–43.9 - 3894 26.9 14.5–48.3 -

High
urgency

Code 2 4LT 13,535 22.5 10.7–47.9 9176 24.7 12.3–51.2

Code 2 5LT 39,098 31.7 13.4–73.9 <0.001 28,590 33.4 15.1–73.3 <0.001

Emergency

Code 1 4LT 596 4.6 2.4–9.3 533 5.3 2.6–10.8

Code 1 5LT 2544 3.6 1.9–7.1 <0.001 1940 5.2 2.6–10.1 0.369

The 4LT period spanned from 1 January 2014 to 30 November 2015; the 5LT period spanned from 1 December
2015 to 31 December 2020. a: Kruskal–Wallis test.

In contrast, with the introduction of 5LT, a constant (even though not statistically
significant) increase in wait times of ~3–4 min per year was observed for the patients
who were assigned Code 2 at triage (Table 2). This was likely dependent on the increased
number of patients receiving a priority Code 2 at triage and crowding at our hospital.

Patients who were assigned Code 3 in the 5LT system period had similar wait times to
patients who were assigned a Code 2 in the 4LT system period, with equal tendency for
both geriatric patients (26.9 vs. 24.7 min) and younger patients (23.4 vs. 22.5 min) (Table 2).
Patients who were assigned Code 4 and 5 in the 5LT system period had wait times which
were comparable to those of patients who were assigned Codes 3 and 4 during the 4LT
system period (Table 2).

3.3. UT and OT in the Geriatric Population

The risk of UT is slightly greater in geriatric patients than in the general population
(OR = 2.22; p < 0.001). (Table 3). However, when separately analyzing the areas of low
intensity of care (OR = 0.85; p < 0.001) and those of medium-high intensity of care (OR = 0.56;
p < 0.001), this trend was found to be reverted (Tables 3 and 4). The top three complaints
of geriatric patients at triage were minor signs and symptoms (27.3%), abdominal pain
(13.1%), and dyspnea (10.5%). These symptoms alone accounted for >50% of admissions.
Minor trauma (7.3%) and neurological disorders (6.5%) were less frequently observed
(Table 3).
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Table 3. Distribution of undertriage (UT) and overtriage (OT) percentages during 4LT and 5LT
periods, in geriatric and younger patients.

Period

Variable
4-Level Triage

N (%)
5-Level Triage

N (%)
p a

Age < 75 years

OT

No 81,483 (89.4%) 205,378 (87.6%)

Yes 9619 (10.6%) 29,134 (12.4%) <0.001

UT

No 83,837 (92.0%) 215,494 (91.9%)

Yes 7265 (8.0%) 19,018 (8.1%) 0.204

Age ≥ 75 years

OT

No 19,705 (79.0%) 55,553 (76.4%)

Yes 5253 (21.0%) 17,133 (23.6%) <0.001

UT

No 22,898 (91.8%) 66,104 (90.9%)

Yes 2060 (8.2%) 6582 (9.1%) <0.001
The 4LT period (T4) spanned from 1 January 2014 to 30 November 2015; the 5LT period (T5) spanned from 1
December 2015 to 31 December 2020; a: χ2 test, UT: under-triage; OT: over-triage.

Table 4. Risk of under-triage (UT), by age, triage level period, and presence of access block.

Period Age Intensity of Care Access Block OR a 95% Confidence Interval p

4-level triage <75 Low No 1.00 (ref.) -

Yes 4.37 3.75–5.10 <0.001

Moderate-to-high No 1.00 (ref.) -

Yes 1.12 0.35–3.60 0.847

≥75 Low No 1.00 (ref.) -

Yes 4.53 3.79–5.43 <0.001

Moderate-to-high No 1.00 (ref.) -

Yes 1.18 0.47–2.95 0.724

5-level triage <75 Low No 1.00 (ref.) -

Yes 6.92 6.47–7.39 <0.001

Moderate-to-high No 1.00 (ref.) -

Yes 0.94 0.63–1.41 0.761

≥75 Low No 1.00 (ref.) -

Yes 6.09 5.63–6.59 <0.001

Moderate-to-high No 1.00 (ref.) -

Yes 1.82 1.43–2.32 <0.001
a: Odds ratios (ORs) estimated by multiple regression analysis adjusted for age and sex.

The elderly patients underwent over-triage more often than the general population,
and this occurred in both the 4LT and the 5LT system periods, with no difference according
to areas of intensity of care (Tables 3 and 5).
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Table 5. Risk of over-triage (OT), by age, triage level period, and presence of access block.

Period Age Intensity of Care Access Block OR a 95% Confidence Interval p

4-level triage <75 Moderate-to-high No 1.00 (ref.) -

Yes 0.23 0.16–0.31 <0.001

≥75 Moderate-to-high No 1.00 (ref.) -

Yes 0.34 0.27–0.45 <0.001

5-level triage <75 Low No 1.00 (ref.) -

Yes 0.05 0.01–0.36 0.003

Moderate-to-high No 1.00 (ref.) -

Yes 0.16 0.15–0.18 <0.001

≥75 Moderate-to-high No 1.00 (ref.) -

Yes 0.21 0.19–0.23 <0.001
a: Odds ratios (OR) estimated by multiple regression analysis, adjusted for age and sex. No presence of OT
was observed for low intensity of care during the 4-level triage period or the 5-level triage period for patients
≥75 years of age.

3.4. Crowding

The phenomenon of crowding was aggravated over the years following the progres-
sive increase in boarding and exit blocks observed from 2014 to 2020 (Table 6). The total
number of ED admissions rose gradually up to 2018, with the exception of a period of
decrease in 2015, and then lowered again in 2019 and 2020 (Table 6). The wait times for
patients in low and medium-high-intensity care areas (Table 7; p < 0.001) increased, as
shown by the indices of the boarding and exit blocks. These indices of crowding were
chosen due to their higher reproducibility with automated data extraction [84–86]. In
the 4LT system, boarding substantially correlates with a slight reduction in the rate of
under-triage in the low-intensity care area, but with a reversed tendency of increased risk
of UT in geriatric patients in medium-high-intensity care areas. When considering the
period with a 5LT system, on the other hand, boarding was no longer correlated with a
greater risk of UT in elderly patients, and similarly, the probability of UT was also reduced
for young people in medium-high-intensity care areas. There is, therefore, a correlation
between the phenomenon of boarding, a greater risk of OT in young people, and a lower
risk of OT in the elderly. In the 5LT system, this risk of OT in the younger patients was,
however, found to be lower, and the risk of OT for elderly patients was also greatly reduced,
as shown in Table 8. The exit block correlated with an increase in the rate of under-triage
in both 4LT and 5LT. However, switching to 5LT in the medium-high-intensity care area
did not increase the risk of UT for young people. During the exit block, there was a clear
reduction in the number of over-triage cases, which was an even more marked reduction in
the period of 5LT, as shown in Table 9.

Table 6. Trend of crowding indices over the years.

2014 2015 2016 2017 2018 2019 2020 p for Trend

Boarding # 926 1010 1241 1431 1475 2033 4230
9.0% 10.1% 11.4% 12.8% 12.8% 18.8% 36.7% <0.001

Access block # 786 951 1141 1289 1368 2022 3833
7.6% 9.5% 10.5% 11.5% 11.9% 18.7% 33.3% <0.001

Accesses per day 165.8 165.3 170.8 174.4 176.8 175.8 129.8

Number of accesses 60,512 60,336 62,527 63,662 64,540 64,181 47,500
# Boarding and access blocks were calculated only for hospitalized patients.
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Table 7. Selected time variables accounting for crowding, by age and intensity of care.

Wait Time Age < 75 Age 75+

Observations
(N)

Median
(min)

Interquartile
Range (min)

p a Observations
(N)

Median
(min)

Interquartile
Range (min)

p a

Low-intensity
care

No
boarding * 18,128 46.5 18.4–104.4 10,603 64.3 27.4–131.1

Boarding # 4579 55.6 22.5–129.7 <0.001 2837 75.5 29.5–156.6 <0.001

Medium-to-high
care intensity

No
boarding * 16,716 15.9 6.5–39.3 18,509 21.3 9.5–48.5

Boarding # 2100 24.5 10.3–56.0 <0.001 2830 22.0 9.5–53.9 0.041

Low-intensity c
are

No access
block ◦ 265,186 48.4 18.9–106.4 53,915 67.5 27.6–134.4

Access
block ◦◦ 4655 92.7 34.0–182.4 <0.001 3490 113.7 43.8–205.5 <0.001

Medium-to-high
care intensity

No access
block ◦ 46,443 27.2 11.0–27.2 32,584 29.2 12.7–65.3

Access
block ◦◦ 1998 32.0 12.9–85.3 <0.001 2912 29.6 11.4–80.2 0.122

a: Kruskal–Wallis test. No boarding. * = Mean number and percentage of patients who did not go to boarding (for
example, patients who did not have to wait for a bed). Boarding # = mean number and percentage of patients
who underwent boarding. ◦ No access block: mean number and percentage of patients who did not go to access
block. ◦◦ Access block: mean number and percentage of patients who experienced boarding.

Table 8. Risk of under-triage (UT), by age, triage level period, and presence of boarding.

Period Age Intensity of Care Boarding OR a 95% Confidence Interval p

4-level triage <75 Low No 1.00 (ref.) -

Yes 0.70 0.59–0.83 <0.001

Moderate-to-high No 1.00 (ref.) -

Yes 0.99 0.53–1.86 0.987

≥75 Low No 1.00 (ref.) -

Yes 0.75 0.60–0.94 0.014

Moderate-to-high No 1.00 (ref.) -

Yes 1.38 0.77–2.48 0.279

5-level triage <75 Low No 1.00 (ref.) -

Yes 1.01 0.94–1.09 0.753

Moderate-to-high No 1.00 (ref.) -

Yes 0.49 0.34–0.69 <0.001

≥75 Low No 1.00 (ref.) -

Yes 1.03 0.94–1.12 0.570

Moderate-to-high No 1.00 (ref.) -

Yes 1.02 0.81–1.30 0.849
a: Odds ratios (ORs) estimated by multiple regression analysis adjusted for age and sex.
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Table 9. Risk of over-triage (OT), by age, triage level period, and presence of boarding.

Period Age Intensity of Care Boarding OR a 95% Confidence Interval p

4-level triage <75 Moderate-to-high No 1.00 (ref.) -

Yes 1.27 1.01–1.61 0.044

≥75 Moderate-to-high No 1.00 (ref.) -

Yes 0.96 0.77–1.19 0.711

5-level triage <75 Moderate-to-high No 1.00 (ref.) -

Yes 1.12 0.99–1.26 0.06

≥75 Low No 1.00 (ref.) -

Yes 1.03 0.94–1.12 0.570

Moderate-to-high No 1.00 (ref.) -

Yes 0.75 0.68–0.84 <0.001
a: Odds ratios (ORs) estimated by multiple regression analysis and adjusted for age and sex. No presence of OT
was observed for low intensity of care during the 4-levels triage period or in 5-level triage period for patients
<75 years of age.

When we examined individual triage priority codes for the intensity of the medical
examinations and areas of care, we found no statistically significant differences between
geriatric (>75 years of age) and younger patients.

3.5. LT of COVID Patients

In the period characterized by the COVID pandemic, 3826 patients presented to our
ED. 125 patients were assigned a triage Code 5, 2789 a Code 4, 169 a Code 3, 810 a Code 2,
and 86 were assigned a triage Code 1. A total of 159 patients tested positive for COVID-19,
and 78 infected patients died in the ED. The wait times for patients in the area dedicated to
COVID patients were 48 min for Code 5, 47 min for Code 4, 48 min for Code 3, 27 min for
Code 2, and 10 min for Code 1.

4. Discussion

4.1. Overall

The age of patients admitted to the ED has constantly risen through the years. The
number of patients presenting to the ED has progressively increased, and patients are
currently older, more fragile, and sicker. This trend is in turn reflected by a decrease in
spontaneous accesses, a higher number of admissions through the territorial emergency
service or on a gurney, and the percentage of more severe priority codes assigned at triage
and higher severity codes assigned at discharge. This trend has already been extensively
described in the literature [54–66,74,75,83,84,87,88] and has been negatively influenced by
the COVID-19 pandemic, with a greater number of patients requiring hospitalization [85,86].
As a consequence, exit blocks and boarding have increased as well, and together with the
progressive reduction in beds, this has led to a worsening of crowding.

All these changes in the population and the flow in the ED have led to a change in
the work of ED physicians, transforming their practice from “admit-to-care” to “care-to-
admit” [85,86]. This change has resulted in a gradual extension of LOS and processing
times. It has already been demonstrated that the increase in crowding has negative effects
on patient outcomes and satisfaction; however, until now, the effects of overcrowding on
triage—particularly on wait times and on the risk of UT and OT—have not been thoroughly
analyzed. The 5LT system has proven itself more accurate, with better correspondence
between the code assigned at triage and the severity code assigned at discharge. This
therefore suggests that 5LT system triage codes reflect, in a more precise way, the actual
acuity of the patient in comparison to 4LT systems. This evidence, together with the data
that show a global decrease in the risk of UT, demonstrates that a system that allows a lower
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risk of UT has clear benefits for the patients in the ED, and especially for those patients
who are sicker and more fragile, with a subsequent improvement in the outcome.

4.2. Wait Time

Age does not seem to play a significant role in waiting issues. When we corrected
age data according to triage code and area of care intensity, our results were in line with
what was expected. Some studies correctly described increases in ED crowding due to
increases in geriatric access to EDs. As is similar to our findings, Kawano et al. noted that
the geriatric population tended to consist of more complex patients who presented more
frequently in ambulances. The geriatric frequently required medium-high care intensity
and higher triage codes. Therefore, our study is in line with the literature and underscores
the finding that age itself does not cause crowding; however, age is a factor related to
frailty in compromised patients [89–92]. The general fragility of geriatric patients increases
crowding and wait times. Once age is corrected according to the need for more intense care
and faster medical examination, it no longer appears to affect crowding. However, these
findings require verification within the context of multicenter studies.

Additional focus should be put on the effects of having both doctors and nurses work-
ing at triage. The presence of dedicated doctors at triage allows for a quicker examination
of patients coming for less severe problems. This also allows for a prompter evaluation of
more-complex patients, helping to reduce the impact that crowding has on ED functioning.
The presence of a senior doctor, meaning a medical doctor having obtained the title of
specialist in emergency medicine, alongside the triage nurse at the triage station, has posi-
tive effects, with reductions in wait time, LOS, LWBS rates, and the percentage of patients
leaving without having had a complete workup and treatment. Additionally, triage teams
consisting of a doctor and a nurse can also be beneficial for a more rapid admission of more
fragile patients (such as geriatric patients) who are not required to stay in the emergency
department for further investigations or time-sensitive interventions, but would benefit
more from prompt hospitalization. This type of triage team can therefore exert positive
effects by reducing overcrowding [93–95].

Exit blocks and boarding often influence the wait times of patients who require
hospitalization or a secondary transfer, and this phenomenon is prevalent in ED areas with
higher care intensity [9,10]. The medium-high-intensity patient requires a set of tools for
their care (such as oxygen, non-invasive ventilation, telemetry, and monitoring of vital
parameters), and these are dependent on structural limits (i.e., the number of oxygen
outlets, ventilators, and monitors). The fact that more and more patients need to be placed
in areas of medium-high intensity of care, and the concurrent increase in the phenomenon
of exit blocks, result in a saturation of the resources which are available, with a consequent
increase in the time needed for patient management.

Increased LOS could also be due to other changes in the internal departmental organi-
zation (such as doctor and nurse turn-over, differences in the organization of shifts, etc.).
The relationship that exists between boarding times in the ED and patients’ outcomes is
still being analyzed. There is a need for larger studies to better analyze the influence that
boarding and exit blocks have on adverse ED outcomes [96].

4.3. UT and OT in the Geriatric Population

The geriatric population was found to be at increased risk of UT in this study. This
tendency remained constant during the 4LT and 5LT system periods, regardless of the
area of care intensity to which the patients were allocated [37,97–100]. This phenomenon
may be due to physiological changes during senescence, pain habits, and the inability to
communicate [101–120].

The geriatric population is expected to represent ~20% of the overall population by
2030. Importantly, geriatric patients are more complex, require more resources, and have
higher admission rates. Geriatric triage is more complex for various reasons. The interpre-
tation of vital signs in the geriatric is more challenging due to homeostatic mechanisms. For
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example, when considering the respiratory system of an aging individual, the lungs will
have less elastic recoil, and there will be increased dead space and a decreased physiologic
reserve. Therefore, a respiratory rate >27 breaths/minute in the elderly is an accurate
predictor of adverse events and can help to identify the critical patients. When considering
the cardiovascular system in the elderly, it is important to note that the combination of my-
ocardial thickening, arterial wall stiffness, and hypertension will result in an increase in the
workload of the heart. Elderly patients are more prone to events of orthostatic hypotension
due to larger pulse pressures and a reduced effect of circulating catecholamines. A systolic
blood pressure <110 mmHg often represents hypotension in geriatric patients, especially
among those with traumatic injuries. Resting heart rate also increases with age [101–104].
Analogous homeostatic changes also occur with the body’s temperature. Elderly patients
are also less likely to present with fever because of several factors, such as the presence
of a weaker immune system, a decreased cardiac output, and diminished muscle mass.
Consequently, slight temperature changes, as well as hypothermia, may represent severe
infection in this category of patients [105,121].

In addition to homeostatic changes, several factors that complicate pain assessment
should be considered. Elderly people may indeed have altered pain perception; an in-
creased risk of persistent pain; and, when cognitive impairment is present, they might have
difficulty in assessing pain and its location [106,107,122–124].

Other domains also require special consideration, such as the atypical presentations of
common diseases. For example, in geriatric patients, acute coronary syndromes are more
likely to present without chest pain. Meanwhile, patients with sepsis may have unaltered
parameters and symptoms which are not specific for the identification of the source of
the infection. Elderly people with pneumonia often present to the ED without respiratory
symptoms, and might not have any chest pain or fever. Some geriatric patients with acute
surgical abdomens report only mild pain [108,109].

These data agree with our results. We found that dyspnea and abdominal pain were
common in cases of UT. The atypical presentation and communication difficulties can be
responsible for a high UT symptomology classified as “minor signs and symptoms”.

Cognitive impairment in this population is also important to consider. Prospective ED
studies of patients older than 65 and 70 have evidenced delirium rates of 9.6% and 10%,
respectively. Sixteen percent of patients older than 70 years demonstrated an impairment
of their mental status, and six percent were found to meet the criteria for both delirium and
dementia. A great percentage of patients in the geriatric populations who were affected
by delirium were not correctly diagnosed, and several geriatric patients were discharged.
Early detection of acute changes in the cognitive behavior at triage and timely transmission
of this information to the remaining care team are extremely important [10,85,110,125].
These factors were likely at play among patients who experienced UT in our study.

Polypharmacy in the aged population should also be considered: 44% of US males and
57% of US females older than 65 take 5 or more medications per week. These patients are
particularly susceptible to adverse drug events (ADEs). Notably, ADEs account for up to
10% of geriatric ED presentations. Cardiovascular, diuretic, antibiotic, hypoglycemic, seda-
tive, opioid analgesic, anticholinergic, and anti-inflammatory medications are commonly
implicated in ADEs [126].

Finally, there is a constant increase in ED visits attributable to falls and trauma among
the elderly, with significant morbidity and mortality. However, unlike the younger cohorts,
falls are the major trauma mechanism and often occur as a consequence of decreased
autonomy, increased fragility, modifications in vision acuity, impaired muscle strength
with altered gait and balance issues, an acute medical event, or the introduction of a new
medication. In these patients, UT is potentially more frequent due to underestimation
of the gravity of the injury as well as of the impact of the comorbidities on the clinical
picture [111,126,127]. We found that patients with trauma and minor dynamics often
experienced UT. It is important to reduce UT in this category of fragile patients, thereby
improving recognition of critical situations. Further studies are needed to investigate

138



J. Pers. Med. 2024, 14, 195

possible ways to counteract the increase in OT while keeping the risk of UT to a minimum.
Correct triage of geriatric patients, even when adopting 5LT systems, remains an extremely
complicated task for triage teams. The implementation of triage algorithms through
artificial intelligence could help in overcoming age-related specificities.

4.4. Crowding Indices

The increase in LOS, exit blocks, boarding, and processing times provoked a net
increase in throughput and output factors, which, in consequence, caused an increase
in wait times, both in geriatric people and in young people. This trend was especially
observed with exit blocks, more than boarding, in low-intensity areas and for less-urgent
triage codes. In these conditions, the presence of an exit block resulted in a wait time which
was almost doubled. Additionally, the lengths of wait times for patients who required
prompt medical examination and who were assigned high priority codes (triage Codes 1 or
2) increased by approximately 25–30%.

These results confirm the effect of output factors on the flow in the ED. Processing and
LOS times are increased due to an increase in the phenomenon of exit blocks, and this in
turns influences all ED processes and flows, with a lengthening of wait and handling times.

Exit block allows for a reduction in the risk of OT for those patients assigned to low-
intensity care areas and who are given lower priority triage codes, and boarding reduces
OT in medium-high intensity care areas. Regarding, O.T.; in both cases, triage is more
accurate for patients, for both young and geriatric ones. This may be a consequence of
increased vigilance of the triage nurses during crowding. Nevertheless, this increased
specificity may be dependent on the fact that during prolonged wait times, patients can
undergo re-evaluations more often. The OT reduction is greater in areas of medium-high
intensity of care because it is likely that, in these patients, the attention of triage nurses is
concentrated in cases of crowding.

During crowding represented by boarding and, even more, by exit blocks, the under-
triage worsens: the situation of overcrowding caused by the output factors therefore
causes a reduced accuracy of the triage with regard to the under-triage. This reduction in
accuracy is probably also due to the lengthening of waiting times in the context of increased
crowding. It is interesting to note that 5LT proved to be more effective at minimizing UT
risk in the medium-high intensity area where, for young people, there is even a reduction
in the risk of UT. It is, therefore, the opinion of the authors that the increased risk of UT
is not only due to a lengthening of waiting times with a consequent increase in the stress
of triage nurses, but could also be due to an attitude of greater attention paid to the most
acute patients in crowding conditions, those destined for areas of medium-high intensity
of care. This attitude is more pronounced in younger patients and much reduced in elderly
patients, perhaps because of the greater insidiousness of the acute manifestation of geriatric
patients. The reasons for a more insidious manifestation in geriatric patients were reviewed
in the previous paragraph (change in homeostatic processes, lower reliability of some
vital parameters, difficulty in expressing symptoms by the geriatric patient, presence of
dementia, etc.).

The study, therefore, shows a greater susceptibility of geriatric patients during crowd-
ing. The use of artificial intelligence algorithms could reduce this risk, thus outlining a
need for studies in this sense for the future.

Finally, it should be noted that the doubling of crowding represented in Table 4 was
simultaneous to the beginning of the COVID-19 epidemic (2020), therefore putting a further
strain on the system. Thus, the 5LT system also confirmed the aforementioned advantages
in extreme conditions, such as those of the pandemic.

4.5. 5-Level Triage in COVID Patients

In the areas dedicated to COVID-19 patients, the waiting times were analogous to
the wait times of the general population. During the COVID-19 pandemic, the ED of our
hospital had to be deeply reorganized in order to reduce the risk of transmission of the
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infection as much as possible, and to better direct the flow of patients. During the first
phase of the pandemic in 2020, the positive COVID patients were admitted to a specific
area that had been created in the Infectious Disease department. The COVID patients who
were in need of hospital admission were subsequently referred to specialty inpatient wards
which were reserved for positive patients. Further on, when the pressure of the pandemic
decreased, the need to create separate flows of patients persisted, and a separated area
inside the general ED was rearranged. Simultaneously, the restrictions on visitors and
companions (except for special circumstances) were kept in place in order to minimize the
potential risk of contagion and retransmission. Screenings with rapid SARS-CoV-2 nasal
swabs, which allowed the results to be seen within 6 h, were performed upon presentation
to the hospital, and the results were of the utmost importance for identifying and redirecting
COVID-positive patients. Despite having process times which were comparable to those of
the general population, these patients were subjected to a higher mortality rate.

4.6. Strengths and Limitations of the Study

One of the main strengths of this study is the size of the cohort analyzed. Others
strong points consist of the fact are that it includes all the causes of access to triage in real
life and that it investigates the effects of crowding on the triage system by examining in
detail all the variables of crowding, as well as wait times and over- and under-triage. The
results of simulations that can be conducted to better manage the flow of patients in the ED
are of course important; however, even studies that are carefully tailored will eventually
not be representative of the “real life” scenarios when considering data that are obtained
over a longer period. This study, conducted on-site, permits the analysis of the events that
characterize a “real” clinical cohort, composed of geriatric patients as well as more complex
and fragile patients. However, it should be underlined that the study in question has two
main major limitations. It is, in fact, a retrospective study, with all the resulting limitations:
first of all, the impossibility of selecting patients a posteriori and, therefore, the possibility
that the result of the study is modulated by variables that the experimenter cannot control.
Furthermore, it is a single-center study, which therefore analyzes the catchment area of our
hospital. It will be necessary to carry out multicenter and prospective studies that validate
these data.

4.7. Future Directions

Our study demonstrates the superiority of the 5-level triage system in our reality. We
also underline the importance of multicenter studies representative of the various Italian
realities in order to be able to more strongly recommend the use of a 5-level triage system
as the standard in the Italian country.

Triage in geriatric people remains a real-life challenge. It is the opinion of the authors
that an improvement is possible through the use of artificial intelligence, thus opening up a
new field of research.

5. Conclusions

The waiting times for geriatric patients, when corrected for triage code, overlap with
those of younger patients. With the introduction of the 5-level triage system, geriatric
patients, as well as younger patients who required urgent medical examination but did not
require high care intensity, have seen reductions in waiting time.

Triage in the geriatric population remains an open challenge for the emergency physi-
cian, as these patients are at increased risk of UT and OT.

Increased waiting times have an influence on crowding indices, such as boarding and
exit blocks. The worsening of crowding output factors is accompanied by an increased
risk of UT. The 5LT already seems to improve the risks of UT and OT triage in crowding
conditions.

During the pandemic, and at the same time as a reduction in ED visits, we experienced
reduced wait times and increased UT. At the same time, exit blocks and boarding worsened.
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Abstract: The Emergency Department (ED) is a facility meant to treat patients in need of medical
assistance. The choice of triage system hugely impactsed the organization of any given ED and it is
important to analyze them for their effectiveness. The goal of this review is to briefly describe selected
triage systems in an attempt to find the perfect one. Papers published in PubMed from 1990 to 2022
were reviewed. The following terms were used for comparison: “ED” and “triage system”. The papers
contained data on the design and function of the triage system, its validation, and its performance.
After studies comparing the distinct means of patient selection were reviewed, they were meant to
be classified as either flawed or non-ideal. The validity of all the comparable segregation systems
was similar. A possible solution would be to search for a new, measurable parameter for a more
accurate risk estimation, which could be a game changer in terms of triage assessment. The dynamic
development of artificial intelligence (AI) technologies has recently been observed. The authors of
this study believe that the future segregation system should be a combination of the experience and
intuition of trained healthcare professionals and modern technology (artificial intelligence).

Keywords: triage system comparison; in-hospital triage; medical segregation; emergency severity
index; Manchester triage system

1. Introduction

The Emergency Department (ED) is dedicated to patients requiring urgent medical
assistance. Globally, EDs are faced with an inflow of patients who outnumber their capacity.
Moreover, a consequent year-to-year increase in the number of patients visiting EDs
has been observed globally [1,2]. ED patients are not only growing in number but are
also growing older. Approximately 30% of the visitors to EDs are above 65 years old
with medical consequences of advanced age, such as the fragility syndrome, multiple
comorbidities, and a higher risk of life-threatening conditions [3,4]. This overcrowding in
EDs results in an increase in burden on the medical staff, need for resources, boarding time,
and time to treatment [5,6]. A crucial organizational need in EDs is the proper allocation of
resources to provide medical services to patients on time, adjusted to the urgency of their
condition. One of the tools for solving this challenge is the medical triage.

The in-hospital medical triage is aimed at the prioritization of patients to determine
the time during which physicians should assess them. It facilitates the flow of patients
within the ED [1,3,5,6]. The emergency room triage is usually performed by a trained
nurse or paramedic who assesses patients’ signs and symptoms as well as vital signs.
Additionally, the in-hospital triage aims to determine the amount and type of resources
required for patients as well as allocation of these resources to provide care in time to
patients according to their severity [1,3,6]. Experiments were conducted to assess the effect
of replacing nurse-performed triage systems with AI-run triage systems [7,8], or by the
patients themselves, but results have not been clear [9].
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On the other hand, prehospital triage has also been postulated and assessed in scientific
projects [10–13], as well as using machine learning models to optimize care in emergency
services e.g., chest pain, trauma brain injuries, or ophthalmic problems [14–16]. The results
of the mentioned solutions have increasingly strong evidence based in science, but further
studies are required [17].

The purpose of this study is to review the literature on the topic of triage to find an
answer to the question of whether an ideal segregation system currently exists, and if
not, where to look for it. In this paper, we briefly characterize the selected triage systems
in an attempt to describe an ideal triage system and review the results of comparisons
among the studies on the various triage systems. The authors know that other systems
of medical triage with proven usefulness exist; however, the choice of systems compared
in this article resulted from the fact that they are a reference point for most of the world’s
publications [18–21]. To select sources for this review, PubMed search was performed from
1990 to April 2024. The following terms were used for comparison: “ED”, “triage system”,
“triage system comparison”, and “artificial intelligence”. Publications available in English
were selected for analysis. The first search identified 700 publications. After reading the
abstracts, 126 were singled out and were then read in full. After a comprehensive study of
the publications, 66 articles were selected for final analysis.

The papers contain data about the following:

(a) The design and function of a triage system
(b) Its validation
(c) Its performance
(d) The comparison between the two triage systems

The use of machine-learning methods in the triage process was first analyzed, and the
final reference list was created based on the relevance to the topic of the review.

Many triage systems have been created and used in hospitals worldwide, such as the
Manchester Triage System (MTS) [5,22], Emergency Severity Index (ESI) [23–25], Canadian
Triage and Acuity Scale (CTAS) [26], and Australian Triage Scale (ATS) [27]. Triage systems
based on a five-grade scale are the most common, with scientifically proven superiority to
the three-grade solutions [28–30].

The patient’s urgency is coded by the color or the digit, descending from the most
urgent cases (e.g., red—1; orange—2; Yellow—3; green—4. Blue—5). While the two top
grades represent a minority of patients and are served immediately in most cases, the
most common are the three lowest categories. This is a confusion-generating disadvantage
of the triage systems, because of which the ED staff face a high number of patients with
similar priorities, among whom patients still require urgent help [4,31]. The latter is another
problem of the triage system in terms of sensitivity and specificity.

The triage system used plays a pivotal role in the organization of the ED’s functions.
Therefore, the criteria which is useful in the assessment of triage systems, and for compara-
tive studies focused on the analysis of the specificity and sensitivity of triage systems, is
required in the context of the effective screening of patients at risk of death, cardiac arrest,
immediate intervention (e.g., the percutaneous coronary intervention—PCI), and hospital-
ization in the Intensive Care Unit (ICU). This article deals with issues rarely discussed on
this topic, such as the ease of use of the triage system, the time needed to learn it, and the
diversity of triage use in different groups of patients. The authors did not find any papers
addressing all the issues discussed in this article.

2. Ideal Triage System

As mentioned above, triage systems presently used worldwide are five-degree scales
in most cases. The most common systems that were created in the last decade of the
previous century have undergone constant optimization until now. Since their creation,
their authors have been making efforts to analyze whether the triage systems meet the
needs of patients and ED staff, and the results of studies in that area have been used to
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improve the systems. This has been carried out to design a system characterized as follows
(Figure 1):

Figure 1. Features of an ideal in-hospital triage system.

High validity is defined as the ability of a system to prioritize patients concordantly
with their actual conditions. The difficulty achieving this goal lies in the lack of an ideal
benchmark (a “gold standard”) to which the priority established during triage could have
been compared.

High interrater reliability means the repeatability of the results regardless of the person
performing the triage. It is expressed by Cohen’s kappa coefficient, taking values from 0.0
to 1.0—the closer to 1.0, the larger the agreement between the raters’ results.

Simplicity is understood as the ease of proceeding with the triage. This can be mea-
sured using users’ satisfaction. This parameter may impact the kappa coefficient described
above and is related to the time required for training during triage.

Short time of performance means the time taken for diagnosis and treatment—the
actual aims behind visiting the ED. The authors of the systems of triage focus on time, for
example, assuming that it is supposed to last no longer than two minutes.

Formalized structure is important because using the system is described by an algo-
rithm of triage that influences the kappa coefficient and improves staff training.

Combining all the above elements presently seems impossible therefore, systems that
compromise these expectations are used at the ED.

3. Most Common Triage Systems

To discuss all medical segregation systems in the world is impossible, and a few of the
most common systems will be highlighted here. Because of the higher reliability proven in
many studies, only five-step systems [2] will be presented in the alphabetical order:

I. ATS (Australian Triage Scale)

The system was introduced in the Emergency Departments in Australia in 1994 and
was closely related to the patient’s waiting time for a medical examination:

• 0 min. for priority 1 (red)
• Up to 10 min for priority 2 (orange)
• Up to 30 min for priority 3 (green)
• Up to 60 min for priority 4 (blue)
• Up to 120 min. for priority 5 (white) [27].

At the same time, it is noted that the system’s task is to assess the urgency of providing
help, not necessarily the severity of the patient’s condition.
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The nurse has at his disposal a table presenting five priorities, with the discriminators
listed next to them, which are a description of clinical situations, e.g., suspected sepsis
(hemodynamically unstable), testicular torsion, severe pain.

The nurse conducting the assessment determined the reason for the report. The triage
process is a two-stage process, it begins with an assessment according to the ABCD scheme,
with the task of establishing at the outset whether the patient is unstable and requires
immediate care. If not, a more complete assessment is made, based on discriminators.

The system includes additional lists of discriminators for patients with mental disor-
ders and for children, vital parameters are checked although they do not directly influence
the result of the scale.

II. CTAS (Canadian Triage and Acuity Scale)

The system was developed in the 1990s in Canada, based on the ATS system. It is
related to the specific waiting times for the first medical evaluation.

• For priority 1 (blue), assistance must be provided immediately,
• Priority 2 (red) can wait up to 15 min,
• Priority 3 (yellow) waiting time up to 30 min,
• Priority 4 (green) waiting time up to 60 min,
• Priority 5 (white) waiting time up to 120 min [26].

This system also includes the obligation to conduct re-triage in intervals, depending
on the priority, which coincides with the patient’s time of acceptable expectation.

CTAS is referred to as a four-stage system as follows:

1. “Critical Look”—A short, several-second assessment according to the ABCD scheme,
aimed at quick recognition of patients in priorities 1 and 2

2. Assessment for infectious diseases—Aimed at the rapid isolation of potentially dan-
gerous patients or their decontamination

3. Identify the patient’s main or major complaints, collect objective data (including, for
example, vital signs, injury assessment, bleeding severity), use a list of “modifiers”.
They are grouped into 17 categories, there are about 177 of them in total, and some of
them are additionally graded, so that after confirming a given modifier, the priority
can be read from the table

4. The prioritization of the CTAS

An additional advantage is the inclusion of a separate section on children in CTAS.

III. ESI (Emergency Severity Index)

This system was developed in the USA in the 1990s. Unlike the others discussed here,
only the first two priorities have the following specific time periods for medical evaluation:

• Immediately for priority 1
• Up to 10 min for priority [25]

It is based on four decision points.

1. Point A—The nurse must assess whether the patient requires life-saving procedures.
If so, give priority 1.

2. Point B—Features of a high-risk state for the patient are looked for, the presence of
severe pain or disturbances of consciousness—if the result is positive, priority 2 is
given.

3. Point C—it is necessary to assess what will be the “consumption” of resources while
supplying the patient to the ED. This is a feature that distinguishes the ESI system
from others. Patients requiring one or none of the resources receive Priority 4 and 5,
respectively. Patients requiring two or more resources go to the next point.

4. Point D—vital parameters are assessed: saturation O2, pulse rate, respiratory rate,
and temperature in children, based on the table, it is determined whether the patient
“promotes” to the priority 2 group or receives priority 3. This point is a kind of “Fuse”,
enabling reconsideration of the prioritization of 2 patients [24].
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IV. MTS (Manchester Triage System)

It is a system developed in Great Britain, also in the 1990s. Priority is given to specific
times for the first contact with a doctor as follows:

• Priority 1 (red)—immediate aid,
• Priority 2 (orange)—up to 10 min,
• Priority 3 (yellow)—up to 60 min,
• Priority 4 (green)—up to 120 min.
• Priority 5 (blue)—up to 240 min [22].

This system is similar to the ATS, which together with the CTAS, forms them into a
group of systems based on “discriminators”/“modifiers”, i.e., the confirmation or exclusion
of several symptoms or clinical conditions.

What distinguishes it is the presentation of the discriminators in the form of a decision-
making algorithm. The nurse initially identifies the patient’s main problem and assigns it
to one of 52 cards that reflect the most common reasons for a patient’s presentation to the
ED. Then, following the diagram illustrated on the card, individual discriminators should
be excluded, grouped, and ranked according to priorities from 1 to 5, until confirmation of
the presence of one of the listed ones and the assigned priority can be read.

The scheme forces the focus to first be on proving that the patient is in priority 1,
which reduces the triage time in the group of patients urgently in need of help. Vital signs
are necessarily measured only if a discriminator is encountered that determines them.

Based on the methodology, the systems can be divided into two groups: based on
discriminators, to the confirmation or exclusion of several symptoms or clinical conditions
(ATS, CTAS, and MTS), and based on a decision diagram (ESI).

A natural common feature is the desire to ensure that the segregation of patients in
Priorities 1 and 2 does not stop the activities in the case of a patient who needs urgent help;
that is, it should be conducted as soon as possible.

Therefore, an ideal system of segregation can only be indicated using the criteria from
the previous section as shown in Table 1.

Table 1. Table subjectively comparing the most popular medical triage systems with authors’ com-
ments (+ good), (++ very good), (? not specified).

ATS CTAS ESI MTS

Validity +/?
Little research [2]

+/?
Good [2]

+/? [2]
Different results analyses
in research, though seems
more accurate in a group
of children and elderly

people than MTS
[19,21,22]

+/? [2]
Contradictory data

depending on the study.
Probably depending on

the age of the patient and
distance hospital from
place uprising triage

system

Reliability
Kappa value

0.25 to 0.56, but decreases
in the group of patients

with mental disorders [2]

Adults 0.68–0.89
Children 0.51–0.72 [2]

Adults 0.46–0.91
Children 0.82 [2] Adults 0.31–0.62 [2]

Simplicity (subjective
evaluation) ++ +

+(+)
Seems to depend on the

presence of clear
guidelines (diagnostic and

treatment standards) in
the hospital

++

Short time of performance

Time depends on patient
priority, the higher the
priority the shorter the

time

Time depends on patient
priority, the higher the
priority the shorter the

time

Time depends on patient
priority, the higher the
priority the shorter the

time

Time depends on patient
priority, the higher the
priority the shorter the

time

Formalized structure + + + +
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4. Triage System Comparisons

Considering a variety of systems of triage and their diverse distribution among EDs
globally, some attempts have been made to compare them. Such comparisons are difficult
for several reasons. These systems differ in terms of the quality and quantity of collected
data and endpoints of studies (usually various events during hospitalization). The authors
of the published papers compared selected aspects of the systems or simply described
their characteristic features. This makes the conclusive analysis of such papers difficult.
However, current research analyses focus on the support offered by the use of machine-
learning methods rather than a direct comparison of triage systems [32].

The most common systems worldwide are the MTS, CTAS, ESI, and ATS. They are
well studied, validated and characterized by high inter-rater reliability—good and very
good for ESI and CTAS (kappa 0.7–0.95) and moderated in the case of MTS and ATS (kappa
0.3–0.6) [2,18,33]. An interesting observation arose after the analysis of articles that specifi-
cally considered ESI systems. Analyses of different results show that ESI systems seem to
be more accurate in a group of children and elderly people than MTS [24,34]. However,
some studies indicated that the risk of under-triage increases in the group of patients over
65 years [4,31,35], while Saberian et al. suggested, based on the frailty index, the need to
lower this limit to 50 years [36].

Some studies have compared widely accepted triage systems with local nonformalized
systems. A good example is the comparison made between ESI with the Taiwan Triage
System (TTS), which has shown that ESI predicts better TTS usage of ED resources as well
as time spent by patients in the ED and the severity of their conditions [37]. Contrastingly,
Zakeri et al. [38] compared the ESI and MTS in a group of trauma patients, showing that
the use of the ESI system may generate over triage in a group of patients in priority 3.

Another study performed in a single Dutch ED compared the ESI, MTS, and the Infor-
mally Structured System (ISS) [39]. The authors reported a lack of significant differences in
the prediction of increased consumption of ED resources, percentage of hospitalizations,
and length of hospitalization among patients with the two highest priorities (1/Red and
2/Orange, respectively). The only significant difference in specificity between ESI and
MTS was found only in priority 4/Green (postponed service). It was also found that with
MTS, the lowest priority (code Blue) was given significantly less frequently than with ESI
(code 5). Moreover, the authors of this study noticed the lower sensitivity of ESI and MTS
than for earlier publications [28]. This may be because in previous studies, only selected
groups of patients, such as critically ill participants, were analyzed [40]. Under triage of
patients from the two highest categories described in this study may be a consequence of
the methods of assessing the results of triage by experts who know the further course of
hospitalization of the participants.

One of the most recent comparison among the three commonly used systems (MTS,
ESI, and CTAS) published in 2020 revealed similar sensitivity and specificity for each
of the systems [41]. Additionally, structured algorithms of triage were shown to define
very precisely and concordantly the highest (1 and 2) and the lowest (5) priorities, while
assigning priorities to the intermediate categories (3 and 4) was less precise. Consequently,
the most critically ill participants received assistance immediately and effectively, but care
for patients assigned to intermediate categories was postponed, while patients still needed
urgent treatment in these groups. This is of special concern, as intermediate categories are
usually the most abundant in EDs [2].

Regarding the pediatric population, unsatisfactory agreement rates were observed
as follows: poor for ATS (0.25), moderate for CTAS (0.571), good for ESI (0.81), and MTS
(0.755) [42].

However, in some articles, the highest reliability was found for the ESI and the
pediatric version of the CTAS (good inter-rater reliability, with a kappa of 0.8–0.9). The ESI
also most accurately predicts the need for hospitalization of a pediatric patient (sensitivity
52%; specificity 81%; AUC 0.78) [34]. Regardless of the reliability of the triage, the ESI is
considered a useful tool for handling children in the ED [43].
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5. Future of Triage

The number of patients seeking help in EDs worldwide is frequently higher than
the potential of the EDs themselves. Therefore, a method for improving patient flow
is required. Overcrowding of the ED leads to the worsening of the patients’ condition,
increase in in-hospital mortality, elongation of stay in hospital, and higher cost [44–46].
Immediate knowledge that the patient who is just being admitted to the ED requires a
further hospital stay would help to allocate resources in a more optimal way and ensure a
more comfortable environment for the patient.

Determining whether ED patients require hospitalization is crucial from both clinical and
economic perspectives. To solve this issue, predictive scales based on certain clinical and demo-
graphic variables (e.g., age, sex, vital signs, triage priority, etc.) were created [1,47–49]. However,
attempts have been made to create computational models to facilitate and accelerate the
triage process. The task of such a model would be the instant calculation of the probability
of patients’ hospitalization [44,46,50]. A perfect situation would be to receive informa-
tion about the possible or probable hospitalization of patients during triage performed
immediately after admission to the ED.

To date, there have been a number of publications with data on the application of
machine learning technologies to support segregation processes at different stages. The use
of a machine learning algorithm as a predictive model effective in pre-hospital detection
of post-traumatic intracerebral hemorrhage (AUC 0.78) based on report data alone is
described [13]. In addition, the use of AI-based methods in decision support in the ED
is being widely explored. The results of experiments on the ability of machine learning
algorithms to predict death in the ED, the need for hospitalization, or ICU admission are
promising [51–53].

According to some analyses [44,46], the best algorithms for modelling nonlinear
relations between variables in the prediction of the need for hospitalization are XGBoosting
and deep neural network (DNN). They are fast (taking less than 10 s) [45] and can precisely
analyze available data to predict the probability of hospitalization. However, recent reports
suggest that DNNs using textual data contained in the available medical documentation of
patients can improve the quality of medical triage [19]. Additionally, some studies suggest
that the use of modern technological solutions does not have to be difficult or unavailable
with the current level of the computerization of medical records but allows for better results,
especially in the case of ESI priority [54–56].

Machine learning models can also accurately predict serious medical events with vital
signs and main symptoms being the most important predictive factors [50,57]. Computa-
tional models can also predict the risk of death during hospitalization better than triage
systems alone [47,50]. According to various researchers, good discriminatory results for
sudden cardiac arrest (SCA) in the ED, obtained solely from triage data, were obtained
using Random Forest (AUC 0.931) [53], Logistic Regression (AUC 0.925) [15], and Ada
Boosting and Light Gradient Boosting machine (AUC 0.997) [58].

An additional advantage of such models is a more exact triage, with a lower percentage
of under-triaged patients appearing in priorities 1–3 and over-triage in priorities 3–5 [50].

However, regardless of the type of AI-based algorithm being tested, the most common
gold standard was the assessment by an experienced medical professional [8,59,60]. It
is worth noting that several papers provide evidence that, although the sensitivity and
specificity of the diagnostic assessment is acceptable in predicting hospitalization, the
accuracy for mental illness is the lowest [60]. Recently, articles have been published
describing the use of AI-based language models to assist in medical segregation in the
emergency department. It was found that both the Generative Pre-trained Transformer
GPT-4 and Gemini can accurately triage critical and urgent ESI group 1 and 2 patients,
suggesting that both models can help accurately segregate these patients in the ED [61].

An important but rarely discussed problem in emergency departments is patients who
leave without being seen before medical segregation. It has been shown that AI can be used
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to predict which patients leave the ED without being seen, which can enable trajectories of
their stay to be altered and can influence individual decisions of ED staff [62].

A separate issue being investigated in the survey among emergency physicians is
their attitude towards the AI tool. Researchers from Turkey showed that there is a strong
conviction among ED staff about the benefits of using AI support to assess a patient during
triage; however, concerns about the related ethical aspects of such an intervention are
also present among them [63]. Some of the misunderstandings about the idea of machine
learning are addressed by the publications discussing the topic in more depth in the
emergency medicine group [64].

Summarizing the comparison between computational models and traditional triage
systems, the authors state that artificial intelligence is more effective in predicting the main
final points (hospitalization, admission to ICU, and death) [15,50–53,57,58]. Moreover, they
can improve the quality of care in the ED and reduce the burden on healthcare systems [32].

6. Summary

Nowadays, it is difficult to indicate which of the segregation systems available world-
wide is the best. To approximate a remedy to this issue, the authors reviewed several
publications, comparing triage systems to select the most optimal system for use in the
ED [5,65,66].

The most popular existing triage systems can be divided into diagrams with disease
symptoms, containing discriminating criteria (ATS, MTS, CTAS), and using one decision
algorithm for all patients (ESI).

The training process of each algorithm appears to be equally important in each triage
system. In the available publications, little data are used to compare the training schemes
for different segregation systems. Many studies in the methodology state that employees
performed the triage after several hours of training in each algorithm. However, in practice,
professionals trained over a longer period do seem to use these systems more efficiently.

7. Limitations

A significant limitation of this study is the lack of widespread clinical practice related
to the use of machine learning methods, including the disproportion in the number of
available reports on the effectiveness of traditional triage systems compared to artificial
intelligence techniques. Another important limitation is that in the analyzed publications,
the evaluation criteria for the triage systems were not the same or comparable. The incom-
patibility of the methodologies for describing the segregation schemes in the publications
resulted in an imperfect and slightly informative approach to comparing these systems.

8. Conclusions

According to a review of the literature, this study concludes that triage systems
existing in the world increase the safety of patients waiting for assistance in the ED. It
would seem obvious that any system for segregating patients admitted to the ED is better
than none; however, numerous studies have shown the superiority of five-step systems over
the three-step systems, mainly in terms of reliability. After nearly 30 years of development,
the maximum efficiency of the above-mentioned systems seems to have been achieved.
Based on the authors’ experience, medical segregation, even when handled professionally
and using a certified system, does not guarantee 100% safety in regard to unexpected
medical events.

Another issue is the process of evaluating the used system, which is inextricably linked
to maintaining the proper quality of the process. To compile the learning time required to
effectively use each of these systems would be advised as no in-depth studies have been
conducted on this topic.

Each of these systems lacks a parameter/criterion that has not yet been considered. To
the question of what this additional value could be, the answer may be the results of work
on machine learning systems, which very accurately predict the risk of hospitalization,
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both in the ward and in the ICU, in a much faster time than a human would do. Based
on calculations obtained by the AI method, one could add in the case of diagram-based
systems (MTS, CTAS, ATS), a specific differentiation criterion, and in the case of algorithmic
systems (ESI), an additional parameter at decision point C.

In summary, the authors in this study did not find an answer to the question of which
triage methodic is the best. Currently, machine learning seems to provide more opportuni-
ties for the unconventional analysis of data available during medical triage. Possibly, an
ideal segregation system, or rather a decision-making process including medical segrega-
tion, will be a combination of the experience and intuitions of trained medical personnel
and modern technology, including artificial intelligence methods based on the analysis of
the large amount of data.
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Abstract

Background/Objectives: Recent advances in artificial intelligence (AI) and machine learn-
ing (ML) enable targeted optimization of emergency department (ED) operations. We
examine how reworking an ED’s vertical processing pathway (VPP) using AI- and ML-
driven recommendations affected patient throughput. Methods: We trained a non-linear
ML model using triage data from 49,350 ED encounters to generate a personalized risk
score that predicted whether an incoming patient is suitable for vertical processing. This
model was integrated into a stochastic patient flow framework using queueing theory to
derive an optimized VPP design. The resulting protocol prioritized a vertical assessment
for patients with Emergency Severity Index (ESI) scores of 4 and 5, as well as 3 when
the chief complaints involved skin, urinary, or eye issues. In periods of ED saturation,
our data-driven protocol suggested that any waiting room patient should become VPP
eligible. We implemented this protocol during a 13-week prospective trial and evaluated
its effect on ED performance using before-and-after data. Results: Implementation of the
optimized VPP protocol reduced the average ED length of stay (LOS) by 10.75 min (4.15%).
Adjusted analyses controlling for potential confounders during the study period estimated
a LOS reduction between 7.5 and 11.9 min (2.89% and 4.60%, respectively). No adverse
effects were observed in the quality metrics, including 72 h ED revisit or hospitalization
rates. Conclusions: A personalized, data-driven VPP protocol, enabled by ML predictions,
significantly improved the ED throughput while preserving care quality. Unlike standard
fast-track systems, this approach adapts to ED saturation and patient acuity. The methodol-
ogy is customizable to patient populations and ED operational characteristics, supporting
personalized patient flow optimization across diverse emergency care settings.

Keywords: emergency department; patient flow optimization; vertical processing pathway;
machine learning; data-driven patient management; vertical care

1. Introduction

Emergency department (ED) vertical processing pathways (VPPs), in which emergency
physicians (EPs) assess and treat patients without assigning them to a traditional ED bed,
are increasingly utilized. However, selecting appropriate patients for a VPP remains
challenging. Existing studies report varying criteria based on emergency severity index
(ESI) levels, but there is minimal literature identifying optimal chief complaints for VPP
routing [1]. Ideal patient selection likely depends on institutional ED resources; for example,
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intravenous line placement may not be possible if patients must return to the waiting room
after the initial assessment.

Recent advancements in artificial intelligence (AI) and machine learning (ML) have
enabled ED directors to optimize patient flow by devising protocols tailored to their
institution’s unique ED characteristics [2,3]. To this end, we hypothesized that a ML model
could analyze patient triage data to determine a patient’s suitability for vertical processing.

We previously reported the characteristics of our ED’s VPP, where EPs collaborated
with a designated nurse to select patients for assessment while awaiting an assigned ED
bed [4]. Eligibility for our VPP was determined at the physician’s discretion, and all waiting
room patients were considered potential candidates. Seeking to improve ED throughput
and reduce the inefficiencies present in our VPP model, we redesigned our VPP selection
criteria using recommendations from a ML model trained to predict whether an ED patient
would require an ED bed [5]. We then studied the impact of these resource-neutral changes
on ED metrics.

In this article, we demonstrate the application of ML recommendations combined
with queueing analyses to improve ED operations, resulting in the creation of a flexible
vertical unit unique to the published literature, which personalizes patient care dynamically
based on triage data and ED saturation metrics. Our study contributes to the literature
by describing a novel use of ML techniques to create a new patient flow option that may
appeal to ED medical directors working in resource-constrained environments.

2. Materials and Methods

The Mayo Clinic Arizona ED is a tertiary care center located in Phoenix, Arizona,
serving approximately 56,000 yearly patients in 56 ED beds. A computerized rotational
patient assignment system assigns patients to an EP upon arrival [6]. No triage EP is staffed;
instead, the ED relies on EPs to perform chart reviews on waiting patients assigned to them
and order the appropriate initial studies to facilitate rapid care. During the pre-trial period,
any waiting room patient was eligible for VPP evaluation at the discretion of the assigned
EP [4]. After the initial assessment in the VPP, patients would return to the waiting room
or a main ED bed once available. Rotating residents participated in approximately 15% of
patient encounters in conjunction with an EP. During the study periods, a nurse practitioner
or physician’s assistant rotating through the ED conducted an initial evaluation of 9% of
patients; however, all patients were ultimately seen and managed by their assigned EP.

To guide the VPP eligibility decisions, we first trained a non-linear binary classification
ML model using triage data from 49,350 ED encounters to predict the likelihood that an
incoming patient would ultimately require an ED bed [5]. We used retrospectively collected
electronic health record data from the Mayo Clinic Arizona ED spanning 7 October 2018 to
31 December 2019. Data from 2020 to 2022 were excluded due to the operational disruptions
caused by the COVID-19 pandemic. The primary outcome variable was whether a patient’s
care ultimately required an ED bed, defined through a tiered labeling approach. First,
patients who were seen in the VPP and discharged without being assigned a bed were
labeled as not requiring a bed. To expand the training set, we used clinically guided rules
to generate two sets of synthetic labels: (1) patients with an ESI of 3 who were discharged
from the ED without imaging or IV therapy and had a total LOS under two hours and
(2) patients with an ESI of 4 or 5 who received no IV medications or fluids. All other
patients were labeled as requiring a bed. Preprocessing included the removal of duplicate
records, exclusion of encounters with missing triage or outcome data, standardization of
vital signs, and grouping of chief complaints into clinically meaningful categories based on
physician input.
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The model outputs a personalized risk score based on each arriving patient’s triage
data, including the ESI, chief complaint, age, and vital signs. These predictions were
integrated into a stochastic queueing model representing the dynamics of vertical and main
ED service processes. Specifically, for the VPP unit, we developed a stylized analytical
model using an M/M/1 queue with exponential vacations to reflect the intermittent
availability of physicians to staff the VPP, while the main ED was modeled as a typical
M/M/1 queue. The model incorporates both patient arrival rates and service times and
accounts for the possibility of misclassification by the ML model, namely, routing a patient
to the VPP who ultimately requires a bed (type I error) or sending a patient to the main ED
who could have been discharged directly via the VPP (type II error). These misclassification
trade-offs are embedded in the cost function, which is minimized to determine the optimal
routing threshold. Model parameters such as the arrival rates, service times, and VPP
reassignment probabilities were estimated from empirical data, and the analytical results
were validated using a discrete-event simulation calibrated to our partner ED’s operations.
This simulation further compared the VPP design against alternative flow models (e.g., fast-
track or physician-in-triage) under varying patient acuity and demand scenarios. The full
analytical framework, including queue specifications, parameter estimation, and sensitivity
analyses, is detailed in our earlier working paper [5].

Based on the outputs of this framework, we analytically derived the optimal patient
routing threshold that minimizes the time inefficiencies in the system. These thresholds
vary dynamically with ED conditions, such as arrival rates and service speed. To opera-
tionalize this in practice, we used the analytical model to generate optimal routing labels
across a range of empirically calibrated ED states, which were then used, in combination
with the patient observations and the non-linear machine learning model predictions, to
approximate the optimal patient routing policy. The approximation model resulted in a
clinically interpretable and yet personalized decision tree protocol to operationalize VPP
assignment in practice. Vertical examination priority was recommended for patients with
an emergency severity index (ESI) of 4 or 5, as well as an ESI of 3s, with chief complaints
involving skin, urinary, or eye issues. In periods of ED saturation—as defined by the
institutional thresholds for patient volume and resource availability—the protocol recom-
mended expanding VPP eligibility to all patients in the waiting room. The final protocol
was summarized into a decision tree diagram used by EPs and triage staff during the trial
(Figure 1) [5].

To evaluate the protocol, we conducted a 13-week prospective study from 1 February
to 30 April 2024. The study was divided into three periods: (1) a pre-intervention period
(1 February–5 March), in which the existing ad hoc VPP process continued; (2) an educa-
tional period (6 March–26 March), during which clinicians received structured training
on the new VPP protocol via virtual sessions and email communication; and (3) a post-
intervention period (27 March–30 April), during which the optimized VPP protocol was
implemented in clinical practice [5].

To evaluate the impact of the VPP protocol on ED LOS, we estimate multivariable
linear regression models on a patient encounter level using the natural logarithm of LOS
as the outcome variable [5]. The primary exposure variable is a binary indicator for the
post-intervention period. To adjust for potential confounding, we included control co-
variates from three categories: (1) Patient level: age, ESI, and chief complaint category;
(2) Operational: attending physician assignment, disposition status (e.g., discharge, admis-
sion), and diagnostic procedures performed (CT scan, ultrasound, X-ray, IV medications);
and (3) ED saturation and timing: the number of physicians and nurses on duty at the
time of patient arrival, the number of patients currently in treatment or waiting, and the
hour of the day grouped into three shifts (6 am–12 pm, 12 pm–6 pm, 6 pm–12 am). These
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controls are selected to isolate the effect of the VPP intervention from concurrent variations
in patient complexity, staffing, and ED congestion. Equivalent analyses were conducted
to assess the outcomes of the 72 h ED return rate with or without hospitalization and the
potential effect of the protocol on quality of care. Due to anonymization constraints under
our IRB protocol, we could not include explicit calendar-based variables (e.g., month or day
of the week). However, our models account for seasonal and cyclical variations indirectly
through detailed operational controls that capture real-time ED congestion and staffing,
which are key mediators of the time-based effects. To assess the robustness of the findings,
we ran multiple model specifications, varying the included covariate sets and functional
forms (e.g., categorical vs. continuous ESI, physician fixed effects vs. random effects).

Figure 1. The proposed data-driven VPP implementation protocol [5].

3. Results

The final machine learning model used for VPP eligibility prediction was a random
forest classifier [7], which outperformed alternative algorithms across five bootstrap itera-
tions. On the held-out test set—comprising only “gold-standard” cases with a direct VPP
discharge—the model achieved an average AUC of 84.6%, with a low variance across splits,
indicating strong generalization. Feature importance analysis [8] revealed that lower ESI
scores and abnormal vital signs were associated with an increased likelihood of bed need,
while skin, eye, and urinary complaints were the most predictive of safe VPP eligibility.

We summarized the encounter characteristics in the pre-intervention and post-
intervention periods in Table 1. With post-intervention, we experienced a significant
reduction in ED LOS of 10.75 min (4.15%) with no increase in the 72 h returns or 72 h
returns with a hospital admission. Although we did not perform statistical testing on our
patient satisfaction scores, our post-intervention “top box score” was 86.0 compared to
85.2 pre-intervention, suggesting no deleterious patient satisfaction effects.
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Table 1. Encountered characteristics before and after the intervention [5].

Pre-Intervention
(N = 5522)

Post-Intervention
(N = 5493)

p-Value

Outcomes

ED Length of Stay
(Minutes [SD]) 258.74 (121.88) 247.99 (115.44) p < 0.001

Admission Status
Discharged (%) 67.08% 66.96% p > 0.05

ED return within 72 hrs 3.89% 3.84% p > 0.05

ED return within 72 hrs
with admit

2.37% 2.17% p > 0.05

Patient Characteristics

Sex 53.48% 54.31% p > 0.05

Female (%)

Age 58.92 (20.98) 58.55 (20.92) p > 0.05

Mean Years (SD)

Race 88.52% 88.15% p > 0.05

White (%)

ESI
(Mean [SD]) 2.88 (0.66) 2.90 (0.64) p > 0.05

Procedures Administered

IV (%) 64.98% 65.83% p > 0.05

CT with IV contrast 24.85% 24.63% p > 0.05

CT without IV contrast 19.76% 19.83% p > 0.05

X-ray 45.60% 44.13% p > 0.05

Ultrasound 11.81% 12.53% p > 0.05
SD = standard deviation; hrs = hours.

The additional regression analyses, adjusting for clinical, operational, and saturation-
related variables, confirmed a statistically significant reduction in ED LOS following the
implementation of the optimized VPP protocol. Across multiple model specifications,
the estimated adjusted reduction in LOS ranged from 7.5 to 11.9 min (2.89% and 4.60%,
respectively), which is consistent with the unadjusted mean difference of 10.75 min that
was observed in the raw data. This effect remained robust after controlling for variations
in acuity (ESI), patient demographics, physician assignment, diagnostic utilization, ED
staffing and saturation, and arrival-time crowding conditions. The protocol’s effect size
suggests that the observed improvement in patient throughput was not driven by changes
in the patient mix or staffing patterns but was attributable to the introduction of the data-
driven VPP streaming approach. Our analyses did not identify any statistically significant
effect on the ED return rate outcomes.

Table 2 displays the ESI breakdowns for patients who were initially assessed inVPP
pre- and post-intervention. The total number of patients seen through VPP increased
during the post-intervention period, representing increased pathway efficiency.
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Table 2. ESI breakdowns for VPP patients pre- and post-intervention.

ESI Pre-Intervention Post-Intervention Statistical Test p-Value

1 0 (0.0%) 0 (0.0%) Fisher p > 0.05

2 4 (0.28%) 7 (0.53%) Fisher p > 0.05

3—Excluding Skin/Urinary/Eye 47 (1.55%) 163 (5.26%) χ2 p < 0.001

3—Skin/Urinary/Eye 3 (1.23%) 21 (8.64%) Fisher p < 0.001

4 139 (18.08%) 469 (59.97%) χ2 p < 0.001

5 7 (20.0%) 19 (82.61%) Fisher p < 0.001
% represents the percentage of all patients of that ESI during the study period seen in VPP. We used Pearson’s
chi-square test to compare the pre- and post-intervention VPP routing proportions for each ESI group, applying
Fisher’s exact test instead for any subpopulation of a size less than 10.

4. Discussion

4.1. Main Discussion

Despite decades of attention [9], “waiting room medicine” remains a reality for over-
crowded EDs nationwide [10]. At the heart of the issue, many contributors to ED crowding
are not solvable at the individual ED director level, leading to stopgap measures to try to
maintain patient care. Most interventions involve manipulating the ED’s throughput by
flexing resources [11] and redistributing personnel, as the physical construction of new
care space takes time and may not have the desired effect of decreasing the LOS [12].
However, common patient flow models have inherent pitfalls. Physician-in-triage, for
example, requires an additional staffed physician and may lead to rework if the primary
treating physician chooses to deviate from the initial triage-based management plan [4].
Similarly, “fast tracks” are best suited to EDs with high numbers of low acuity patients
and may not function well in tertiary facilities specializing in complex care; mistriage of
patients to a dedicated fast-track practitioner may lead to both rework when reassigned to
a non-fast-track physician and to patient safety issues if the mistriage is not identified.

In contrast, specific patient streaming designs [13,14] have demonstrated an advantage
in improving an ED’s metrics without additional resource needs or sensitivity to mistriage.
The VPP design implemented in our study is a specific patient streaming approach that
offers greater flexibility and continuity of care. It allows a single, assigned physician to man-
age the patient’s care from the initial vertical assessment through to the final disposition,
reducing unnecessary transitions and rework. Unlike the “physician-in-triage” approach,
it does not require additional physician staffing, and unlike fast-track, it does not rely on
strict pre-triage rules to segment patients. Leveraging a non-linear ML model, the VPP
is inherently adaptable: during periods of ED saturation, our protocol recommends a dy-
namic expansion of VPP eligibility based on real-time demands—an advantage not offered
by the fast-track or physician-in-triage approaches. Combining ease of implementation
with flexibility enables the VPP to function effectively in high-acuity environments where
patient needs and ED capacity fluctuate rapidly. Moreover, our rotational patient assign-
ment system, combined with the VPP, allows a patient to remain with the same assigned
physician throughout their care episode, eliminating handoffs, reducing redundancy, and
allowing physicians to rapidly disposition lower acuity patients while still initiating care
for more critical patients during times of ED saturation.

By devising a data-driven VPP protocol that couples the output of ML and stochastic
queueing models into interpretable decision-tree-based guidelines, we achieved a signif-
icant length of stay reduction while seeing an increased number of patients through the
pathway. The protocol’s recommendation to route all ESI 4s and 5s through the VPP is
intuitive and sensible, and although our ED treats fewer of these patients than other EDs,
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most of our lower acuity patients can be served without an ED bed; thus, requiring them to
wait for an ED bed creates a significant bottleneck.

The specific ESI-3 chief complaints recommended for routing to the VPP are also
reasonable when considering the patient populations. Ocular complaints (outside of visual
field cuts, which were characterized as “Neurological Issues” during the analysis due
to stroke potential and would typically be an ESI 2 or 1) often do not require imaging
but could occupy an ED bed for some time if awaiting an in-person ophthalmologist
consultation. Similarly, more complex skin complaints at our facility may require labs or
a virtual dermatology consultation, but will typically not require advanced imaging or
continuous intravenous access. We were able to manage many urinary issues through the
VPP, as well, since we had access to a private area where foley catheters could be placed
or pelvic examinations performed; in some EDs, utilizing non-reclining chairs for vertical
patients, including this chief complaint category, may not be practical.

While this study was conducted in a single tertiary academic ED and ideal patient
selection for vertical processing may differ based on an individual ED’s characteristics,
several features of our approach support its broader applicability. First, the protocol relies
only on routinely collected triage variables—the ESI, chief complaints, and ED operational
status—which are available in most EDs nationwide. Second, the decision tree guidelines
were derived based on a site-agnostic stochastic model, matching the theoretical optimal
patient routing policy in over 95% of cases, suggesting strong generalizability across the
settings. Finally, the implementation did not require dedicated staffing or IT infrastructure
changes, further supporting its adoption in resource-constrained environments.

Our implementation of ML-based recommendations to improve VPP patient selection
represents a novel use of AI to optimize ED resource allocation. There has been a recent
explosion of academic conversation regarding the use of AI to assist EPs with a broad range
of tasks. Although many publications present the theoretical benefits of ML protocols based
on retrospective data without prospective trials, some recent AI-based inventions are now
utilized in cutting-edge EDs. Recognizing the deleterious impacts of the documentation
burden on EPs [15], significant investments have focused on tools to summarize portions
of the electronic medical record or ambient AI devices to document clinical encounters [16].
Recent publications describe the creation of ML-based predictors of ED patient deterioration
that may ultimately improve patient safety; however, most of these systems have yet to be
applied in clinical settings [17–19].

AI-based patient flow interventions have been somewhat limited in scope, mainly
focused on triage. In conventional ED triage, patient prioritization is based on a combina-
tion of ESI and triage nurse gestalts. AI-based triage has the potential to improve patient
selection through the awareness of real-time ED resource utilization and dynamic patient
flow. It has also been shown to limit biases inherent in a human-based triage model [20].
Some current AI-based triage systems, such as KATE [21], serve to assist triage nurses in
assigning a more accurate ESI score, while others seek to replace the ESI entirely with a
program running concurrently with the medical record. However, many models remain
theoretical and have not been trialed in clinical practice [22,23]. Most interventions have
focused on accurately predicting resource utilization during triage for a particular patient
and have not examined dedicated streaming pathways based on the AI-assigned score.

Our study, one of the first in the literature to showcase the actual clinical implemen-
tation of ML-based ED flow recommendations, displays the clinical practice benefits of
combining recommendations from advanced analytics techniques into real-world patient
flow protocols. We present our results as a potential option for other EDs struggling with
overcrowding, enabling EPs to personalize care pathways for presenting patients.
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4.2. Limitations

This study was conducted under real-world clinical conditions and reflects the chal-
lenges inherent in implementing protocol-based changes in a high-volume ED. As such,
adherence to the optimized VPP protocol was imperfect. Despite instructions to prefer-
entially route skin, urinary, and eye ESI-3 patients through VPP, the triage nurses had
greater success routing ESI 4s, 5s, and non-protocol-eligible ESI 3s (presumably during
periods of ED saturation). Only 8.64% of skin, urinary, and eye ESI 3s were routed through
the VPP post-intervention; although the ML algorithm suggests that increasing this per-
centage would further benefit the LOS, the actual application of this increase may have
unintended effects. Importantly, the protocol relied on manual physician and nurse interpre-
tations rather than automated integration within the electronic medical record. Embedding
real-time VPP eligibility recommendations into the triage interface may improve future
adherence but would require dedicated IT infrastructure and development timelines that
were not feasible within the scope of this study. Finally, like many other before-and-after
studies, the Hawthorne effect might have influenced our results. Despite these, our vari-
ous checks indicated systematic improvements post-implementation, suggesting a useful
patient flow redesign approach that could be implemented across a variety of EDs.

5. Conclusions

Using a data-driven quantitative model to personalize the selection of patients seen
through a vertical pathway allowed us to treat an increased number of ED patients without
the use of an ED bed, reserving these valuable resources for more critical patients and im-
proving the LOS. Beyond demonstrating operational improvements, our study introduces
a new, formalized paradigm for VPPs—one that integrates machine learning and stochastic
modeling to generate personalized, context-aware streaming decisions. This framework
offers a generalizable, scalable, and adaptable approach for EDs seeking to optimize patient
flow under resource constraints.
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Abbreviations

The following abbreviations are used in this manuscript:

AI Artificial Intelligence
ML Machine Learning
ED Emergency Department
VPP Vertical Processing Pathway
ESI Emergency Severity Index
LOS Length of Stay
EP Emergency Physician
IV Intravenous
IRB Institutional Review Board
AUC Area Under the Curve
SD Standard Deviation
hrs Hours
IT Information Technology
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Abstract

Background/Objectives: This study aimed to evaluate a regional implementation project
for rural emergency care (RuralRescue) and to examine how its components and out-
comes may support personalized approaches in emergency medicine. While not orig-
inally designed as a personalized medicine intervention, the project combined digital,
educational, and organizational innovations that enable patient-specific adaptation of
care processes. Methods: Conducted in the rural district of Vorpommern-Greifswald
(Mecklenburg–Western Pomerania, Germany), the intervention included (1) standardized
cardiopulmonary resuscitation (CPR) training for laypersons, (2) a geolocation-based first
responder app for medically trained volunteers, and (3) integration of a tele-emergency
physician (TEP) system with prehospital emergency medical services (EMSs). A multi-
perspective pre–post evaluation covered medical, economic, and organizational dimensions.
Primary and secondary outcomes included bystander CPR rates, responder arrival times,
telemedical triage decisions, diagnostic concordance, hospital transport avoidance, eco-
nomic simulations, workload, and technology acceptance. Results: Over 12,600 citizens
were trained in CPR and the responder app supported early intervention in hundreds of
cases. TEPs remotely assisted 3611 emergency calls, including delegated medication in
17.8% and hospital transport avoidance in 24.3% of cases. Return of spontaneous circula-
tion (ROSC) after out-of-hospital cardiac arrest (OHCA) was achieved in 35.6% of cases
with early CPR. Diagnostic concordance reached 84.9%, and documentation completeness
92%. Centralized coordination of TEP units reduced implementation costs by over 90%.
Psychological evaluation indicated variable digital acceptance by role and experience.
Conclusions: RuralRescue demonstrates that digitally supported, context-aware, and re-
gionally integrated emergency care models can contribute significantly to personalized
emergency medicine and can be cost-effective. The project highlights how intervention
intensity, responder deployment, and treatment decisions can be tailored to patient needs,
professional capacity, and regional structures—even in resource-limited rural areas.

Keywords: emergency care; personalized medicine; tele-emergency physician; rural health;
responder app; digital triage; EMS systems; context-aware care; implementation science;
system integration
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1. Introduction

The provision of timely, high-quality emergency medical services (EMSs) remains a
major challenge in rural areas of Europe, where structural limitations such as long distances,
staff shortages, and aging populations place disproportionate burdens on healthcare infras-
tructure. A recent systematic review found that rural populations in high-income countries
experience significantly longer EMS response times and lower survival rates in time-critical
emergencies such as cardiac arrest or stroke compared to urban populations [1].

In Germany, the district of Vorpommern-Greifswald, located in the northeastern
state of Mecklenburg-Western Pomerania (Mecklenburg-Vorpommern), exemplifies this
situation. With a land area of approximately 4000 square kilometers (1544 square miles) and
a population density of just 60 inhabitants per square kilometer (155 inhabitants per square
mile), it represents a structurally underserved rural region [2]. EMS provision in such
regions is constrained by both geographical barriers and a shrinking pool of emergency
physicians who are trained to deliver advanced prehospital interventions.

The German EMS follows a two-tier system: paramedics (with 3 years of training)
attend all emergencies, and emergency physicians are dispatched separately under the
“rendezvous system” when required for advanced interventions [3]. In practice, however,
data show that physicians are dispatched in 46 percent of all EMS cases, but in up to one
third of these deployments, no physician-specific intervention is ultimately needed [4].
This mismatch leads to inefficient resource use, delays in response, and regional disparities
in care availability, particularly in rural areas [5].

In the district of Vorpommern-Greifswald, these problems are especially pronounced.
According to project data, more than 60 percent of the district’s territory lies beyond the
10 min emergency physician arrival time recommended in national guidelines, and long
gaps in 24/7 physician coverage have been documented in several remote sub-regions [2,6].
These care deficits are not limited to this district: the official transfer recommendation
by the Federal Joint Committee (G-BA) identifies similar challenges across multiple rural
regions in Germany, including insufficient physician coverage, prolonged EMS response
times, and gaps in advanced care provision [7].

To address these structural shortcomings, the RuralRescue (Land|Rettung) initia-
tive piloted a comprehensive model for telemedicine-supported EMSs in Vorpommern-
Greifswald, funded by the Innovation Fund of the Federal Joint Committee (Gemeinsamer
Bundesausschuss, G-BA). At its core is the tele-emergency physician (TEP) system, which
enables paramedics on site to receive real-time medical supervision via video, audio, and
diagnostic data transmission. Between 2018 and 2020, over 9000 emergency cases were sup-
ported by tele-emergency physicians. In 24% of these, patient transport to hospital could be
avoided, and in 18 percent, pharmacological interventions were delegated remotely [2,6].

Beyond remote supervision, the RuralRescue project integrates a smartphone-based
first responder system, structured triage support, and role-specific training for EMS person-
nel, creating a flexible, data-driven model that aligns with the principles of personalized
emergency medicine. Personalized emergency care is understood here as the dynamic adap-
tation of triage, treatment intensity, and care location to the real-time clinical, geographic,
and contextual characteristics of each case [8,9].

This article introduces the RuralRescue project as a real-world implementation of
personalized emergency medicine in rural environments. Drawing on data from over
250,000 EMS operations, it examines how telemedical innovation can improve equity,
efficiency, and individualization in acute care.
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1.1. Digital and Telemedical Solutions in Rural EMS: Evidence and Integration

Inequities in emergency medical care between urban and rural regions have been
extensively documented in recent years. Multiple studies have shown that rural popula-
tions experience longer ambulance response times, limited access to advanced prehospital
interventions, and lower survival rates in emergencies such as out-of-hospital cardiac arrest
or stroke, compared to urban areas [10,11]. These disparities are particularly pronounced
in geographically large and sparsely populated districts, where access to on-site emergency
physicians is limited due to staff shortages and travel distances [10,12]. To address these
systemic challenges, several regions have begun to implement telemedicine-based solutions
in emergency services. These include tele-emergency physician systems, smartphone-based
first responder alert applications, and digitally supported triage protocols. All of these
have shown the potential to improve operational efficiency while enabling individualized
medical decision-making at the point of care [12–14].

In the German context, tele-emergency physician systems have been piloted and
evaluated in regions such as Aachen, Gütersloh, and others. These models enable emer-
gency medical technicians and paramedics to connect remotely with a physician during
an emergency. Vital parameters such as electrocardiogram (ECG), blood pressure, oxygen
saturation, and high-definition video are transmitted in real time. Based on this data, the
physician provides clinical decision support, authorizes pharmacological treatment, and
may guide the selection of a destination hospital. In controlled evaluations, these systems
have been associated with reduced unnecessary dispatches of on-site physicians, improved
triage precision, and shorter delays to evidence-based interventions, particularly in acute
myocardial infarction and polytrauma scenarios [15–17]. Furthermore, observational stud-
ies show high satisfaction and acceptance among paramedics, physicians, and patients, and
demonstrate that delegated interventions such as analgesia or antihypertensive treatment
can be delivered safely in the field under remote supervision [13].

Complementary to physician support systems, mobile first responder applications
have been developed to engage trained laypersons and off-duty medical professionals
in early resuscitation. Such systems rely on GPS-based activation of responders who are
in close proximity to the emergency. These responders are alerted to suspected cardiac
arrests or other life-threatening events, allowing them to initiate cardiopulmonary resus-
citation (CPR) before the arrival of formal EMS teams. Studies report improved rates
of bystander CPR and significant reductions in no-flow time for patients in rural areas
where EMS response is delayed [18,19]. These systems represent a form of spatially and
temporally adaptive response, in which the mobilization of human resources is tailored to
each emergency’s geographic and temporal context [12].

The RuralRescue project, implemented in the rural district of Vorpommern-Greifswald,
represents the first fully integrated operational model in Germany that combines these tech-
nologies into a coherent system architecture (see Figure 1). Within the project, community-
based first aid training, geolocation-based responder activation, real-time tele-emergency
physician services, and tailored education for EMS professionals were systematically
linked. This integration was not only technical but also procedural and organizational,
allowing the participating actors to coordinate their actions across the emergency care
chain. According to project evaluation data, over 9000 emergency cases were supported by
the tele-emergency physician service between 2018 and 2020, with transport to hospital
avoided in approximately 24 percent of cases, and delegated medication administered in
18 percent [6,12].

This combination of technologies and processes enables personalization of care in
several respects. The involvement of the tele-emergency physician allows clinical decisions
to be made based on real-time patient data, rather than standardized protocols alone. The
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mobile responder system adapts the alerting process to the location and qualifications of
available individuals. Digital triage tools and structured communication protocols facilitate
case-specific treatment escalation or de-escalation. The role-specific training programs for
paramedics and dispatchers enhance collaborative competence and ensure that delegation
and supervision are matched to individual team configurations and experience levels [20].

While each of these technologies has been deployed separately in earlier projects, the
RuralRescue project is the first to evaluate their integration under real-world conditions
in a structurally underserved rural area. As such, it provides both empirical insight and a
transferable model for the implementation of personalized emergency medicine across the
full span of the prehospital care pathway.

Figure 1. Structural framework of the RuralRescue (Land|Rettung) project.

1.2. Aim of the RuralRescue Project

The RuralRescue project was implemented in the rural district of Vorpommern-
Greifswald between 2016 and 2020 under the Innovation Fund of the German Federal
Joint Committee. The Innovation Fund was established to support implementation re-
search for novel forms of care that go beyond existing standard provision. Its primary
objective is to enable the transfer of evidence-based medical strategies into the statutory
health insurance system, particularly in structurally underserved regions. In this context,
RuralRescue aimed to redesign emergency medical services in rural areas through a co-
ordinated four-pillar model: (1) public training in cardiopulmonary resuscitation (CPR),
(2) smartphone-based activation of qualified first responders, (3) deployment of a tele-
emergency physician (TEP) system, and (4) structural integration of emergency services
with out-of-hours primary care [21].
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The central aim of the project was to safeguard high-quality emergency medical care
in rural areas by reducing the “therapy-free interval”—the time between the onset of
an emergency and the beginning of effective intervention—while maintaining statutory
response time thresholds [21]. Over 12,600 residents of the region were trained in CPR
techniques, the RuralRescue mobile application was activated in hundreds of alerts, and
more than 3600 emergency cases were supported remotely by a tele-emergency physi-
cian during the implementation phase [21]. These interventions were evaluated for their
medical effectiveness, organizational feasibility, and potential for transferability to other
rural districts [21].

Although the project was not originally conceptualized within the paradigm of per-
sonalized medicine, many of its key mechanisms are highly consistent with this approach.
Real-time telemedical triage based on transmitted patient data allows for clinical decisions
tailored to individual physiological profiles. The first responder system adapts emergency
notifications based on geographic proximity and responder qualifications. Medication
delegation, when conducted under remote supervision, is adjusted to the competencies
of the on-scene personnel and the clinical needs of the patient. In the context of this
study, personalized emergency medicine refers to the alignment of emergency medical
interventions with individual patient needs, situational context, and regional infrastruc-
ture. This includes real-time tailoring of diagnostics, triage, and therapy based on clinical
data, geographic conditions, and professional competencies, supported by digital tools
and system-level adaptations.

This article evaluates the RuralRescue project as a model of digitally supported emer-
gency medicine in a rural context and examines its alignment with the principles of per-
sonalized care. In doing so, it contributes to ongoing discussions about how data-driven,
adaptive emergency services can improve individual outcomes while addressing systemic
access gaps in structurally disadvantaged regions.

2. Materials and Methods

2.1. Intervention Design and Personalization Mechanisms

The RuralRescue project was implemented in the rural district of Vorpommern-
Greifswald in northeastern Germany. It aimed to improve access to timely and high-
quality emergency care in structurally underserved areas by shortening the “therapy-free
interval”—the period between the onset of a medical emergency and the delivery of effec-
tive therapeutic intervention [22]. The intervention was based on a four-pillar model, of
which three pillars were fully implemented and evaluated.

Pillar 1: Community-based layperson training in cardiopulmonary resuscitation (CPR).
This component sought to increase first-aid competence in the general population by offer-
ing training courses in basic life support and the use of automated external defibrillators
(AEDs). Over 12,600 residents participated in structured CPR training sessions, which were
tailored to different age groups and learning settings [22]. This component indirectly con-
tributed to personalized emergency response by expanding the pool of trained bystanders
available for geolocation-based alerts (see Pillar 2), while also addressing community-
specific preparedness levels.

Pillar 2: Smartphone-based first responder activation system. A mobile application
called “Land|Retter” (German for “Rural Saver”) was developed and deployed to alert
nearby trained volunteers or off-duty healthcare professionals to time-critical emergencies,
particularly out-of-hospital cardiac arrest (OHCA). The system used real-time GPS data to
identify and notify individuals within a defined radius of the incident. In its later devel-
opment stages, the alerting logic also considered responder qualifications (e.g., layperson,
paramedic, physician), allowing contextual adaptation of mobilization strategies [22,23].
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This geospatial and role-based personalization of emergency response enabled earlier
intervention based on both the physical proximity and the skill profile of responders [23].

Pillar 3: Tele-emergency physician (TEP) system. To supplement and optimize the
use of on-scene emergency physicians, a tele-emergency physician service was introduced.
Paramedics were equipped with secure digital devices that enabled real-time transmission
of clinical data—including ECGs, vital signs, and patient assessments—to a remotely lo-
cated physician. Using a dedicated documentation interface (TeleDoc; see Figure 2), the
tele-emergency physician could supervise diagnostics, delegate medication, and guide
hospital triage decisions in accordance with standardized but situation-sensitive proto-
cols [22,24]. This component allowed for clinical personalization of emergency care, with
therapeutic decisions based on the real-time physiological and contextual information of
the patient. Medication delegation was adapted to both the clinical profile of the patient
and the training level of the on-scene personnel [24].

 

Figure 2. Working station of a tele-emergency physician (TEP; photo taken from [15]).

Pillar 4: Integration with out-of-hours primary care. The project’s fourth conceptual
pillar, closer coordination between EMS and on-call primary care physicians, was discussed
with experts for regional adaptation as a part of the formative evaluation [22].

2.2. Evaluation Design

The evaluation of the RuralRescue project followed a multi-perspective, implementa-
tion science approach to assess the effectiveness, efficiency, and work–system integration
of a digitally supported emergency medical model in a rural context. The RuralRescue
evaluation employed a pre–post design without a control group, which is a widely used
and accepted strategy in implementation research under real-world conditions where
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randomized allocation is neither feasible nor ethically appropriate. As emphasized in prior
studies, such designs are particularly valuable for evaluating system-level innovations
in complex, context-dependent settings, where the primary objective is to assess change
under routine operational conditions rather than to isolate causal effects under controlled
conditions [25,26]. Given the structural and technological complexity of the intervention,
the evaluation was organized into three complementary domains: (1) a summative medical
evaluation of clinical and operational outcomes, (2) a summative economic evaluation
of resource use and cost-efficiency, and (3) a formative work psychological and organi-
zational evaluation focused on digital acceptance, knowledge transfer, and collaborative
practice adaptation.

2.2.1. Summative Medical Evaluation

The medical evaluation aimed to determine the clinical performance of the Rural-
Rescue intervention using predefined tracer diagnoses and care pathway indicators. Key
outcomes included the therapy-free interval (time from emergency onset to first therapeutic
intervention), arrival times of EMS units and first responders, and effectiveness of TEP in-
terventions, such as delegated medication and transport decisions [23]. For out-of-hospital
cardiac arrest (OHCA) cases, return of spontaneous circulation (ROSC) served as a critical
clinical endpoint [23].

Secondary indicators encompassed the rate of hospital admission versus non-transport,
diagnostic accuracy in prehospital triage, and completeness and quality of digital documen-
tation, including use of the dedicated TeleDoc system for physician–paramedic interaction
logging. The evaluation used a matched-pairs design and time-series analysis, comparing
TEP-supported cases to standard EMS contacts, and current performance to historical data
from 2014 to 2017 [23].

Inclusion criteria encompassed all EMS operations in the district of Vorpommern-
Greifswald between January 2018 and December 2021 where at least one RuralRescue
component (CPR training, Land|Retter alerting, or TEP support) was activated and
full clinical documentation was available. Exclusion criteria included pediatric emer-
gencies (<6 years), trauma-related incidents, and cases with incomplete datasets. A total of
3611 TEP-supported cases and over 9000 app activations were analyzed, representing >85%
of eligible cases after exclusion filtering. Recruiting followed a census-based approach
using retrospective extraction from the central EMS IT system. Patient follow-up surveys
and structured interviews were conducted using stratified convenience sampling with
>600 completed cases. A post hoc power analysis for primary endpoints (e.g., ROSC, pain
reduction) indicated power >0.80 at α = 0.05 for medium effect sizes (Cohen’s d ≥ 0.4).

2.2.2. Summative Economic Evaluation

The economic evaluation of the RuralRescue model focused on the cost structure,
utilization, and scalability of the TEP system in rural emergency medical services. Using
operational data from Vorpommern-Greifswald and simulation modeling, this study as-
sessed whether digitally supported, on-demand physician care could be delivered both
effectively and efficiently under real-world conditions.

The economic evaluation examined the cost-effectiveness and systemic resource impact
of the RuralRescue model compared to standard emergency care. Areas of focus included
the implementation and operational costs of the TEP infrastructure, mobile responder
alert system, and training programs, as well as savings from avoided on-scene physician
deployments and unnecessary hospital admissions [24].

Economic modeling used full-cost accounting and queuing theory to simulate different
TEP deployment strategies (centralized vs. decentralized) and assess effects on availability,
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capacity, and budgetary requirements. Primary data sources included complete deploy-
ment logs, billing data, and resource consumption reports from the emergency services IT
platform. Stakeholder input was collected through ten semi-structured interviews with
dispatch supervisors, EMS leads, and administrative staff. Cost structures were modeled
based on full-cost accounting, differentiating between fixed and variable components (e.g.,
infrastructure, staff, licensing). The queue modeling (M/M/k structure with ∞, FIFO) simu-
lated TED coverage scenarios under varying regional configurations. The analytical dataset
covered all 3611 TEP interventions and was complemented by survey data on standby
resource utilization and case complexity. Although no prospective recruitment occurred,
the full case census provided sufficient data granularity to simulate system behavior across
scalability tiers. Model fit was validated through sensitivity analyses. Test power was not
relevant due to the deterministic nature of simulation outputs.

2.2.3. Formative Work Psychological and Organizational Evaluation

The formative evaluation addressed the subjective and behavioral adaptation of
key stakeholders—paramedics, dispatchers, emergency physicians, and trained lay
responders—to the digitally transformed care model. It assessed technology acceptance,
perceived workload, knowledge transfer, and regional acceptance of the intervention.

The formative evaluation applied a triangulated mixed-methods design combining
psychometric self-assessments, role-specific surveys, and expert workshops at two time-
points (pre- and post-implementation) [19]. Recruitment was purposive and role-stratified,
targeting all 292 EMS professionals employed in the district during the project period,
including paramedics, dispatchers, physicians, and administrative staff. The final sample
included 164 fully completed surveys (response rate ≈ 56%), ensuring representativeness
across roles and experience levels. The instruments included the NASA-TLX (for workload),
TAM2 (for technology acceptance), and validated Likert-based scales for job satisfaction
and knowledge transfer behavior. Test power was >0.80 for detecting small-to-medium
effects (Cohen’s f ≥ 0.20, α = 0.05) in repeated measures and interaction effects. Five
moderated expert discussions involving 38 stakeholders applied the GEM Assay to analyze
regional structural alignment and system readiness. Qualitative data were evaluated using
thematic coding and triangulated with survey findings to identify barriers and enablers of
system adaption.

Technology acceptance was measured focusing on perceived usefulness and ease of
use of TEP systems and the Land|Retter application. Workload and job satisfaction were
evaluated using the NASA Task Load Index (NASA-TLX), investigating the interrelation-
ship of workload levels with willingness to adopt digital tools [27].

Knowledge transfer and the use of knowledge sources were examined using a frame-
work based on the KODE® Competence Atlas, which distinguishes between explicit and
implicit, as well as personal and organizational, knowledge domains. This approach was
applied to better understand how work satisfaction influences both formal and informal
knowledge sharing across professional boundaries [19].

Regional acceptance and structural compatibility were assessed using the GEM Assay,
which evaluates system alignment across three domains: groundings (e.g., emergency
infrastructure), enterprises and parties involved in EMS delivery, and the specific char-
acteristics of the target region [23]. This method was applied to examine how well the
RuralRescue model fits the local operational context and to assess its acceptance across
different professional groups.
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3. Results

Results are reported in alignment with the structure of the intervention and the
three core domains of evaluation: medical effectiveness, economic feasibility, and work
psychological and organizational adaptation. Together, these findings provide insight into
the system-level impacts of digitally supported, regionally embedded emergency care
models and their relevance for personalized medicine in rural settings.

3.1. Medical Results

The medical evaluation assessed the RuralRescue model’s capacity to enhance prehos-
pital emergency care through earlier, context-sensitive, and data-driven interventions. Re-
sults are reported along the three fully implemented pillars of the intervention: community-
based CPR training (Pillar 1), activation of professional first responders via the Land|Retter
app (Pillar 2), and tele-emergency physician support (Pillar 3). Each pillar contributed in
different ways to advancing the principles of personalized emergency medicine—defined
here as care that is responsive to individual clinical, geographic, and organizational context.

3.1.1. Pillar 1: Layperson CPR Training and Early Intervention

Over the course of the project, 12,600 citizens in the district of Vorpommern-Greifswald
were trained in basic life support (BLS) using the nationally standardized “Prüfen-Rufen-
Drücken” (Check–Call–Compress) model. Trainings were adapted to various community
contexts, including schools, public events, and institutions, and included both in-person
and digital learning components [28]. Post-training surveys indicated increased confidence
and competence in handling emergency scenarios.

In out-of-hospital cardiac arrest (OHCA) cases with bystander CPR—triggered either
by direct witnessing or informal proximity—the return of spontaneous circulation (ROSC)
rate was 35.6 percent, exceeding the rural German average of 27 to 30 percent [26]. This
demonstrates that early, community-based intervention significantly improves survival
outcomes and exemplifies temporal and social individualization, enabling localized and
non-professional response when formal care access is delayed.

3.1.2. Pillar 2: First Responder Activation via the Land|Retter App

During the implementation period, 9233 alerts were transmitted via the Land|Retter
mobile application to a pool of professionally qualified responders, including off-duty
emergency physicians, nurses, and paramedics. Each participant—referred to as a “Rural
Saver” (LandRetter)—underwent standardized onboarding, including validation of clinical
competencies and participation in an emergency readiness orientation [28].

The app’s GPS-based alerting algorithm enabled dispatch centers to identify and notify
the most suitable nearby responder based on both geographic proximity and professional
qualification. In 44.3 percent of activations, a LandRetter arrived on scene before the EMS
unit, achieving a median lead time of 4 min and 24 s [28]. This reduction in the therapy-free
interval is especially relevant in remote areas where ambulance arrival may be delayed.

The Land|Retter system exemplifies spatial and operational personalization of emer-
gency care. By matching responder profiles to emergency needs in real time, it enabled
rapid deployment of medical support tailored to the situational geography and available
human capital. Usability and acceptance surveys among participants yielded satisfaction
ratings exceeding 4.2 on a 5-point scale, indicating high confidence in the system’s reliability
and effectiveness [28].
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3.1.3. Pillar 3: Tele-Emergency Physician (TEP) Support

The tele-emergency physician (TEP) system was used in 3611 EMS cases across the
project period. The system was deployed in cases where physician input was clinically
indicated but direct on-site dispatch was either unnecessary or operationally unfeasible.
Paramedics transmitted real-time clinical data—including vital signs, structured assess-
ments, and ECGs—to the remotely located physician using the secure TeleDoc interface [23].

In 17.8 percent of TEP-supported cases, physicians delegated pharmacological treat-
ment, most commonly involving analgesics, antihypertensives, and anti-epileptics. These
interventions were made based on patient-specific data and symptom profiles transmit-
ted from the field, allowing for individualized pharmacologic decision-making without
requiring physical physician presence [23].

During the evaluation period, a total of 2935 patients were managed with the support
of a tele-emergency physician (TEP). Of these, 362 patients (12.3%) reported a pain intensity
of ≥7 on a numerical rating scale (NRS, range 0–10). Follow-up patient interviews indicated
that effective pain relief was achieved in only 51.8 percent of comparable cases without
TEP support, whereas the rate was significantly higher in the TEP-supported group at
66.3 percent (p < 0.05; see Figure 3; cf., [29]).

Figure 3. Comparison of analgesia effectiveness and documentation of hemodynamic baseline
monitoring in prehospital emergency care with and without tele-emergency physician (TEP) support.

In addition, documentation quality was evaluated with respect to baseline hemody-
namic monitoring, defined as the recording of key vital signs including blood pressure,
heart rate, and peripheral oxygen saturation. This basic monitoring is essential for subse-
quent therapeutic decisions. It was documented in 57.4 percent of cases at the beginning of
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care and prior to hospital transfer in the non-TEP group, compared to 82.1 percent in TEP-
supported cases (p < 0.001; cf., Figure 3). Importantly, 24.3 percent of all TEP-supported
cases were resolved without hospital transport. In the majority of these cases (82%), the
clinical presentation was deemed non-urgent and manageable by general practitioners
or self-care. These case-specific triage decisions illustrate how telemedical supervision
enables flexible, context-responsive routing of patients, thereby avoiding overtreatment
and unnecessary resource consumption [23,30].

In terms of diagnostic accuracy, a comparison of prehospital assessments with hospital
discharge data (N = 323) yielded an 84.9 percent diagnostic concordance rate across tracer
conditions, including stroke, acute coronary syndrome, and COPD exacerbation [23].
Documentation completeness in TEP-supported cases was 92.1 percent driven by the
structured data entry format of the TeleDoc system. This supports not only real-time
decision-making but also retrospective quality assurance and system-level learning [30].

Together, these results show that the RuralRescue model improved clinical out-
comes and optimized EMS workflows while embedding personalization at multiple levels.
Through community engagement, professional responder matching, and remote physician
support, care was tailored to the patient’s clinical condition, location, and context-specific
care options.

3.2. Economic Results

The analysis showed that decentralized TEP services improved system responsiveness
while reducing overall operational costs, particularly in sparsely populated regions with
long deployment routes [24]. The total annual full cost of operating a decentralized
TEP unit on a 24/7 basis was calculated at EUR 696,949 (≈USD 766,600). This included
EUR 148,876 (≈USD 163,800) in fixed costs (office infrastructure, administration) and EUR
548,073 (≈USD 602,800) in variable and jump-fixed costs, such as staff salaries, telemedicine
equipment, and licenses [31]. While the system provided clinically valuable support, its
average usage—3.96 cases per day with a mean service time of 24.6 min—resulted in idle
time exceeding 90 percent, indicating substantial overcapacity in single-district settings [31].

To address this, a queuing system model (M/M/k; ∞, FIFO) was used to simulate
alternative coordination scenarios. The modeling showed that one TED could effectively
support up to 36 ambulances while keeping the probability of delayed physician contact
below 5 percent, a level considered acceptable for most prehospital situations. Under
a centralized model, where one TED supports 20 districts, the cost per district drops
to EUR 57,300 (≈USD 63,000)—a reduction of over 90 percent compared to standalone
district operation [31].

These findings confirm that personalized physician access—delivered based on real-
time need, clinical data, and EMS telemetry—is not only medically feasible but also eco-
nomically sustainable when scaled regionally. As Figure 4 shows, the unit cost depends
strongly on the number of districts joining the tele-emergency center.

The system enables dynamic resource allocation, where expert supervision is activated
for high-acuity cases and withheld in less critical scenarios, reflecting demand-sensitive
personalization of care intensity. This approach supports both individualized patient
management and strategic resource stewardship, aligning with core principles of value-
based personalized emergency medicine.

179



J. Pers. Med. 2025, 15, 314

Figure 4. Cost functions of different scenarios of central or decentral tele-emergency services [11].

3.3. Formative Work Psychological and Organizational Results

The formative evaluation assessed how different professional groups within the Rural-
Rescue model adapted to the digital and structural innovations introduced by the project.
It focused on workload perception, job satisfaction, knowledge management, technol-
ogy acceptance, and regional integration—factors that critically influence the success of
personalized, data-enabled emergency care models in real-world settings.

3.3.1. Workload and Job Satisfaction

Workload was measured using the NASA Task Load Index (NASA-TLX) and job
satisfaction via standardized Likert-based self-assessments. Results revealed differenti-
ated patterns: Experienced EMS professionals, including long-serving paramedics and
emergency physicians, reported increased job satisfaction following implementation
of the new care model. In contrast, less experienced staff—especially newly trained
paramedics—indicated heightened workload, transitional stress, and role uncertainty
during the early phases of adoption [32,33]. The study also found that emergency teams
with lower satisfaction scores reported higher degrees of informal knowledge sharing
across professional boundaries [19].

Interestingly, the data also showed that higher workload levels were positively cor-
related with digital tool acceptance, particularly among dispatchers and field person-
nel. This suggests that digital supervision and documentation tools were perceived
not as burdens, but as adaptive supports under pressure, reinforcing their value for
role-specific adaptation [33].

Work satisfaction improvements were found to depend on prior digital experience.
Work satisfaction was measured using a validated polarity scale from 1 (low satisfaction)
to 10 (high satisfaction) [34]. The study found a significant interaction between time (pre
vs. post digital transformation) and prior experience with telemedicine. While overall
satisfaction increased after the implementation of tele-emergency physicians (TEPs), this
effect was statistically significant only for participants with prior telemedical experience
(pre = 3.98 vs. post = 5.27, F (1315) = 4.09, p < 0.05). In contrast, no comparable increase
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was observed among less experienced staff (pre = 4.01 vs. post = 4.24; see Figure 5). These
results suggest that experience in digital systems moderates satisfaction gains during
technology-driven innovation in emergency care.

Figure 5. Interaction effect of time and prior telemedical experience on work satisfaction.

3.3.2. Knowledge Sources and Knowledge Transfer

Knowledge management was evaluated using the KODE® Competence Atlas frame-
work, which classified sources of knowledge into four quadrants (personal/organizational
× explicit/implicit). The evaluation found that informal knowledge transfer—including
peer coaching, mentoring, and spontaneous collaborative problem-solving—was particu-
larly high among staff with lower job satisfaction [31]. This indicates that interprofessional
learning served as a compensatory mechanism, helping to bridge gaps in experience or
protocol clarity.

The integration of telemedical feedback and digital case documentation further en-
abled context-sensitive learning loops, contributing to individualized professional de-
velopment. These findings suggest that the system’s learning infrastructure supports
individualization not only for patients, but also for clinical decision-makers.

3.3.3. Technology Acceptance

Technology acceptance was measured using an adapted technical acceptance model
(TAM), which included perceived usefulness, ease of use, and intention to adopt. Over-
all, acceptance of digital elements such as the tele-emergency physician interface and
structured documentation systems was moderate to high, with notable variation across
roles. Nurses and paramedics demonstrated the highest acceptance levels, followed by
dispatchers; emergency physicians were more cautious, particularly regarding real-time
decision transparency and medicolegal responsibility [30,31].
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Notably, technology acceptance was strongly influenced by perceived task complexity
and workload. Staff in high-stress roles were more likely to view digital tools as personally
beneficial supports, reinforcing the idea that personalized system design should consider
cognitive load and user-specific needs.

3.3.4. Regional and Structural Acceptance

The GEM Assay (adapted from the Global Entrepreneurship Monitor framework) was
applied to assess regional attitudes toward innovation and structural change. The results
showed broad support for the RuralRescue model among both frontline professionals and
institutional stakeholders. Regional identity and a shared understanding of local healthcare
challenges enhanced the acceptance of digitally supported models of care [30].

Stakeholders particularly appreciated the modular structure of the intervention, which
allowed individual components (e.g., first responder system, TEPs) to be integrated based
on regional capacity and readiness. This structural adaptability is a prerequisite for scalable
personalized systems across diverse rural settings.

3.3.5. Relevance to Personalized Emergency Medicine

The formative evaluation demonstrates that personalization in emergency care extends
beyond the patient to include providers, workflows, and digital interfaces. Variability in
stress experience, technology acceptance, and knowledge behavior across professional
roles underscores the need for context-aware implementation strategies. Tailoring support
structures, training intensity, and digital onboarding to match professional background
and regional infrastructure is essential for sustaining personalization at the system level.
These findings align with the broader definition of personalization, encompassing not only
clinical decision-making but also the social, psychological, and organizational factors that
enable individualized care delivery in complex environments [29,30].

4. Discussion

The RuralRescue project demonstrated that personalized emergency care can be
effectively implemented in rural regions through the coordinated use of digital technologies,
targeted training, and adaptive care structures. The evaluation revealed improvements
in clinical performance, resource efficiency, and organizational integration across all three
implemented pillars of the model.

4.1. Summary of Main Findings

From a medical perspective, community-based CPR training (Pillar 1) significantly
enhanced early intervention capacity, contributing to a 35.6% ROSC rate in OHCA
cases—above the national rural average. The app-based responder activation system
(Pillar 2) enabled geo-personalized mobilization of trained professionals, shortening the
therapy-free interval by a median of over four minutes in nearly half of the activations.
The TEP system (Pillar 3) supported remote diagnostics and delegated therapy in 3611
cases, with 17.8% involving physician-authorized medication and 24.3% avoiding unnec-
essary hospital transport. Diagnostic concordance with hospital data reached 84.9%, and
digital documentation completeness exceeded 92%, demonstrating clinical precision and
accountability.

Economically, decentralized TEP units proved effective but cost-intensive at the district
level. Simulation models showed that centralized coordination could cut per-district
costs by over 90%—from EUR 696,949 to EUR 57,300—without sacrificing service quality,
assuming optimized TED-to-ambulance ratios. These results support the scalability of
demand-sensitive personalization.
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The organizational evaluation revealed divergent responses to digital transforma-
tion: experienced personnel reported greater job satisfaction, while less experienced staff
indicated higher stress. Technology acceptance correlated positively with perceived work-
load and varied by role, with paramedics and nurses more receptive than physicians and
dispatchers. Informal knowledge sharing emerged as a compensatory strategy, and stake-
holder surveys confirmed broad regional support for the model’s structural innovations.

Taken together, the findings demonstrate that personalized emergency care is feasible
in rural areas when tailored to patient needs, regional infrastructure, professional diversity,
and systemic constraints. RuralRescue offers a multi-dimensional proof of concept for
integrating real-time clinical data, digital tools, and local capacity to enable individualized,
value-based care in underserved regions.

4.2. Contributions to Personalized Emergency Medicine

The RuralRescue project demonstrates how personalized medicine can be opera-
tionalized in emergency care through the integration of digital tools, professional com-
petencies, and real-time clinical data. Although not initially framed under the label of
personalized medicine, the model supports key personalization mechanisms across the
care continuum—from early intervention to triage, therapy, and system learning.

The tele-emergency physician (TEP) system exemplifies real-time clinical personal-
ization. In over 3600 cases, remote physicians made diagnostic and therapeutic decisions
using live ECGs, vital signs, structured assessments, and visual input. Nearly 18% involved
delegated medication, tailored to both patient-specific data and the competencies of the
on-site team. This situational, data-driven delegation aligned care intensity with clinical
need rather than provider availability, enhancing precision in resource-limited rural areas.

TEP support also enabled context-aware triage: 24.3% of cases were managed with-
out hospital transport, reflecting personalized decisions that minimized overtreatment,
transport risks, and systemic strain.

The Land|Retter responder system implemented geo-personalized early intervention
via a mobile app that alerted trained responders based on location and qualification.
This real-time localization extended emergency coverage, adapting to local infrastructure,
community layout, and responder distribution.

At the system level, over 250,000 EMS data points were collected, enabling longitudinal
monitoring of outcomes, triage, and documentation. These data form the basis for adaptive
learning and protocol refinement aligned with real-world trajectories.

Personalization was also advanced through role-specific training and workflow in-
tegration. Paramedics, dispatchers, and physicians received differentiated onboarding
and developed collaborative competencies essential for tele-supervised care, supporting
individualized professional development and smoother digital integration.

Formative findings highlight that implementation success depends on psychological
and organizational factors. Technology acceptance varied by role, workload, and prior
experience, underscoring the need to adapt tools and training to users’ identities and
stress profiles.

In sum, RuralRescue illustrates that personalized emergency medicine extends beyond
molecular diagnostics to include dynamic alignment of care with patient status, profes-
sional readiness, regional resources, and digital infrastructure—a replicable framework for
systems-level personalization in underserved regions.

4.3. Limitations

This article presents a secondary analysis of the RuralRescue project through the lens
of personalized emergency medicine. The project was not originally designed to evaluate
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personalization but aimed at improving emergency care access and quality in a rural setting.
Consequently, this re-analysis must be interpreted with caution.

The evaluation employed a pre–post design without a control group, consistent with
common practice in implementation research under real-world constraints [25]. While this
design ensured ecological validity, it limits causal attribution and increases vulnerability to
confounding influences such as concurrent system changes, demographic shifts, or policy
adjustments. Selection bias may have occurred due to non-random allocation of interven-
tion components, with access to tele-emergency physician (TEP) support, responder alerts,
or training programs influenced by dispatcher discretion, digital readiness, and geographic
factors. Self-selection effects may also have influenced survey participation. Observer bias
is a further limitation, particularly in self-reported outcomes related to work satisfaction,
stress, and acceptance. These subjective measures are inherently prone to social desirability
effects and role-dependent interpretation.

Confounding variables such as prior professional experience, local EMS infrastructure,
and team composition may have moderated individual responses and organizational
outcomes but were not fully controlled. Moreover, not all outcome indicators were available
for the entire sample. Clinical metrics such as diagnostic concordance or triage decisions
were analyzed only for subsets of cases, limiting generalizability.

Finally, integration with primary care—initially planned as a fourth intervention
pillar—was not realized. As a result, the evaluation cannot address care continuity beyond
the acute emergency phase or assess intersectoral personalization strategies. Despite
these limitations, the RuralRescue project provides a robust, real-world foundation for
understanding how personalization mechanisms can emerge from integrated emergency
interventions in rural systems.

4.4. Recommendations for Further Research

While RuralRescue demonstrated the feasibility of personalized, digitally supported
emergency care in rural regions, several areas merit further investigation to validate and
extend these findings. Future research should apply controlled comparative designs, such
as randomized or matched cohort studies, to strengthen causal claims. This is particu-
larly relevant for assessing the impact of tele-delegated medication, triage accuracy, and
diagnostic concordance under TEP supervision.

The extensive dataset generated by the project offers a foundation for predictive model-
ing and AI-based decision support. Tools such as adaptive triage algorithms and responder
routing optimization could further personalize care and improve system responsiveness in
real time. Studies should explore intersectoral integration, linking EMSs with out-of-hours
care and hospital services to ensure continuity across the patient journey. While not realized
in RuralRescue, this remains a critical area for delivering fully personalized, longitudinal
emergency care.

Further research into the legal, ethical, and professional governance of remote clinical
authority is essential. As tele-delegation increases, clear frameworks are needed to ensure
safety, accountability, and acceptance by healthcare providers. Moreover, the variation
in technology acceptance across roles suggests the need for personalized implementation
strategies. Tailoring onboarding, digital training, and workflow redesign to staff roles,
stress profiles, and institutional culture may enhance long-term adoption.

Lastly, disaggregated analysis of RuralRescue data could identify how personalization
functions for underserved groups such as elderly patients or residents of isolated areas,
helping refine equity-oriented design in rural EMS systems. These directions emphasize
the need for interdisciplinary research that integrates clinical, technological, ethical, and
organizational dimensions to advance system-level personalization in emergency medicine.
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4.5. Practical Implications

The RuralRescue model demonstrates that personalized emergency care can be opera-
tionalized through digital infrastructure, tailored training, and adaptive policy—impacting
clinical practice, organizational structures, and regulatory frameworks.

4.5.1. Individual and Clinical Practice Level

Customized digital workflows supported real-time TEP decision-making, enabling
individualized diagnostics and therapy based on live clinical data. Paramedics deliv-
ered situation-specific care under remote oversight, particularly beneficial in high-acuity
and resource-limited settings. The system’s support for data-driven triage—24% of TEP-
supervised cases managed without transport—aligns with value-based, risk-adjusted
care models.

The Land|Retter app enabled geo-personalized responder mobilization based on
proximity and verified competencies, improving early intervention in underserved areas.
Role-specific training fostered telemedical integration and interprofessional collaboration,
underscoring the role of personalized education in EMS transformation.

4.5.2. Organizational and System Level

RuralRescue’s digital case documentation (over 250,000 records) provided a basis for
longitudinal analysis, protocol refinement, and quality improvement. Technology accep-
tance varied by role, workload, and job satisfaction, highlighting the importance of context-
aware implementation strategies tailored to human and organizational factors. Centralizing
TEP coordination—as shown in simulation models—significantly reduced per-district costs
while maintaining responsiveness, supporting economically sustainable personalization.

4.5.3. Policy, Legal, and Regulatory Implications

The project underscores the need for updated legal frameworks enabling remote
medical delegation, digital consent, and real-time data protection. As a result, the state of
Mecklenburg-Western Pomerania initiated the creation of a centralized tele-emergency cen-
ter, following the project’s economic recommendations. Long-term integration of TEP ser-
vices with statutory on-call physicians and primary care could facilitate cross-sector continu-
ity, advancing personalized emergency care as part of a cohesive, patient-centered system.

5. Conclusions

The RuralRescue project demonstrates that personalized emergency care is both fea-
sible and effective in rural contexts when supported by digitally integrated, role-specific,
and data-driven systems. Through real-time telemedical supervision, geo-personalized
responder deployment, and adaptive workflows, the model advances core principles
of personalized medicine—tailoring interventions not only to clinical presentation but
also to geographic, organizational, and human resource factors. These findings of-
fer a transferable framework for implementing individualized, value-based emergency
services in structurally underserved regions and can be applied to other rural areas
of hard-to-access environments.
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The following abbreviations are used in this manuscript:

CPR Cardiopulmonary Resuscitation
TEP Tele-Emergency Physician
EMSs Emergency Medical Services
ROSC Return of Spontaneous Circulation
OHCA Out-of-Hospital Cardiac Arrest
G-BA Gemeinsamer Bundesausschuss (Federal Joint Committee)
AED Automated External Defibrillator
FIFO First-In-First-Out
M/M/k,∞, FIFO M/M/k Infinity FIFO (Economical Queuing Model)
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