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ABSTRACT 

This study aims to identify tools for the early detection of clinical deterioration and their 

usability in preventing cardiopulmonary arrest. It is an integrative literature review conducted 

in the Medical Literature Analysis and Retrieval System Online (MEDLINE), Latin American 

and Caribbean Literature in Health Sciences (LILACS), and Nursing Database (BDENF). A 

total of 242 articles were identified, of which 12 were selected for descriptive synthesis. Most 

publications occurred between 2015 and 2022, with a peak in 2021 (33.3%). The most 

represented countries were the United States, the United Kingdom, and Taiwan, with the 

National Early Warning Score (NEWS) being the most frequently used tool (33.3%). All 

studies demonstrated that early warning tools, such as NEWS and MEWS, were effective in 

preventing adverse events, including cardiorespiratory arrest and death. Thus, it is concluded 

that the use of clinical deterioration detection tools is applicable in various hospital settings 

and can support the identification of cardiorespiratory arrest and other adverse events, 

contributing to improved patient safety and the quality of healthcare. 

Keywords: Cardiorespiratory Arrest; Early Warning Score; Clinical Deterioration. 

 

INTRODUCTION 

Since the publication of the report To Err is Human: Building a Safer Health System, a 

landmark document in studies on patient safety1, this topic has emerged as a major global 

concern, becoming a fundamental principle in healthcare with a direct impact on the quality of 

care2. In this context, as pathological processes worsen and are accompanied by clinical 

deterioration, the complexity of care, along with the need for professional training, clinical 

reasoning, critical thinking, and diagnostic skills, is also intensified3. 

In hospital settings where patients often experience severe events, such as in critical 

and semi-critical care units, the role of the multidisciplinary team becomes essential. Caring 

for critically ill patients requires agility, skill, precise decision-making, and the ability to 

detect deterioration in a timely manner to enable early interventions4-6. 

Clinical deterioration is a prevalent problem in healthcare units and can be defined as 

a severe physiological disturbance or sudden worsening of a patient’s condition, leading to 

acute signs and symptoms and, consequently, organ dysfunction7. As it is a progressive, 
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predictable, and symptomatic event, often reflected in changes in vital signs, managing 

clinical deterioration is an integral part of healthcare, with emphasis on hemodynamic 

monitoring and the use of advanced technologies and equipment8. 

Such changes can be recognized early through the accurate measurement and 

interpretation of vital signs, enabling rapid interventions to halt clinical worsening and 

prevent serious events such as cardiac arrest (CA) and death9. In this context, CA is an 

extremely severe condition, defined as the sudden loss of blood circulation and pulmonary 

oxygenation with consequent cellular and tissue ischemia, characterized by mechanical 

cardiac failure and manifested by unresponsiveness, absence of effective breathing, and lack 

of detectable central pulse10. 

The signs of acute illness are similar regardless of the underlying process, as they 

reflect alterations in the respiratory, cardiac, and neurological systems. Physiological changes 

in one or more parameters are associated with a greater likelihood of severe events. 

Understanding that clinical deterioration is gradual and progressive makes it possible to 

anticipate and prevent CA in critically ill patients8. 

Decreased level of consciousness or acute confusion, hypoxia, tachycardia, 

hypotension, tachypnea, and abnormal temperature are clinical manifestations associated with 

deterioration and increased risk of mortality, and they may be present up to eight hours before 

CA11. A study conducted at a university hospital found that approximately 79% of patients 

who experienced cardiac arrest exhibited significant changes in vital signs, and 54% of these 

patients subsequently died, highlighting the importance of routine vital sign monitoring in 

hospital settings12. 

Recognition of this problem in healthcare institutions has led to the adoption of 

strategies aimed at reducing its impact, such as the development of rapid response 

systems/teams (RRS) that facilitate the early recognition and appropriate response to clinical 

deterioration8. In this regard, early interventions carried out by RRS can become more 

efficient with the implementation of early warning scores, which assign points to alterations 

in physiological parameters that are easily measurable at the bedside. 

To identify patients with acute clinical deterioration early and accurately, the concept 

of Early Warning Scores (EWS) was proposed by Morgan and colleagues in 1997. These 
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scores are simple tools that assess physiological patterns and can be used at the bedside to 

evaluate the risk of clinical deterioration and alert healthcare teams to the need for closer 

monitoring of the patient’s condition13. 

Building on Morgan’s concept, many variations of Early Warning Scores have been 

implemented both in Brazil and worldwide. It is considered essential to review these 

variations in order to assist healthcare professionals in determining which score best fits their 

clinical reality and, thus, facilitate decision-making and care planning. In this context, this 

study aims to identify tools for the early detection of clinical deterioration and their usability 

in preventing cardiac arrest (CA). 

 

METHOD 

This is an integrative literature review, whose construction process was structured in 

six stages: (1) formulation of the research question; (2) definition of databases and inclusion 

and exclusion criteria; (3) definition of the information to be extracted from the selected 

studies; (4) evaluation of the included studies; (5) interpretation of the results; and (6) 

synthesis of knowledge14.  

To formulate the research question, the PICO acronym15 was used, with P 

(Population) = critically ill adult patients hospitalized with acute clinical deterioration; I 

(Intervention) = tools for early identification of acute clinical deterioration; C (Comparison) = 

not applicable; and O (Outcome) = early detection and prevention of cardiac arrest (CA). 

Thus, the guiding research question was: “Can tools for the early detection of acute clinical 

deterioration help prevent cardiac arrest in critically ill adults?”. 

The inclusion criteria were primary articles published between 2012 and 2023, in 

English, Spanish, or Portuguese, whose population consisted of critically ill adult patients 

with acute conditions and hospitalized in any unit. Dissertations, theses, and literature reviews 

were excluded.  

The databases used for this review were Medical Literature Analysis and Retrieval 

System Online (MEDLINE), Latin American and Caribbean Literature in Health Sciences 

(LILACS), and Nursing Database (BDENF), all accessed through the Virtual Health Library 

(BVS). 
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To systematize the search, the following portuguese Descritores em Ciências da 

Saúde (DeCS) and Medical Subject Headings (MeSH) were used: Parada 

Cardiorrespiratória or Cardiorespiratory Arrest; Deterioração Clínica or Clinical 

Deterioration; Escore de Alerta Precoce or Early Warning Score; Quadros Agudos or Acute 

Disease. The search strategy used in the databases was: (("Deterioração Clínica") OR 

("Clinical Deterioration") AND ("Parada Cardiorrespiratória") OR ("Cardiorespiratory 

Arrest")) AND (("Escore de Alerta Precoce") OR ("Early Warning Score") AND ("Cuidados 

Críticos") OR ("Critical Care")).  

The search was carried out in August 2022, resulting in 219 studies in MEDLINE, 15 

in LILACS, and 13 in BDENF, totaling 247 studies. The references were compiled and 

exported to the Rayyan tool16, with an initial removal of three duplicates and a paired review 

of the titles and abstracts of the remaining 244 studies. After evaluating the primary articles, 

data were extracted from the studies that answered the guiding research question. Data 

extraction was performed using a structured data collection instrument developed by the 

authors and organized in a Microsoft Office Excel 365® spreadsheet, with the following 

variables: authors, article title, journal, year of publication, language, country of publication, 

study objective, design, tool used for clinical deterioration assessment, results, conclusion, 

and recommendations. After completing the spreadsheet, the data were compiled, reviewed, 

and presented descriptively. 

After the initial review of titles and abstracts, 68 articles were selected for the next 

stage, which consisted of full-text reading. Of these, 12 articles were included in this 

integrative review, and 56 were excluded for the reasons specified in Figure 1. 
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Figure 1. Flowchart of identification, screening, eligibility, and inclusion of articles in the 

integrative review. Brasília, DF, Brazil, 2022. 

 

Note: MEDLINE = Medical Literature Analysis and Retrieval System Online; LILACS = 

Latin American and Caribbean Literature in Health Sciences; BDENF = Nursing Database. 

Source: Prepared by the authors, based on the PRISMA Guideline17. 

 

RESULTS 

Of the 12 studies included in the review, publications ranged from 2015 to 2022, with 

the highest number published in 2021 (33.3%). In addition, the studies originated from the 

United States (n = 3; 25%), the United Kingdom (n = 2; 16.7%), and Taiwan (n = 2; 16.7%). 
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Brazil, India, Egypt, Hong Kong, and Italy were also represented, each accounting for 8.3%. 

The journal with the highest number of publications was Critical Care Medicine (n = 2; 

16.7%) (Table 1). 

 

Table 1. Characterization of the articles included in the Integrative Review (n = 12). 

Authors / 

Year 
Article Title 

Journal, Language, and 

Country 

Su et al., 

202218 

Improved Inpatient Deterioration Detection in 

General Wards by Using Time-Series Vital 

Signs 

Research Square 

English, Taiwan 

Akel et al., 

202119 

Less is More: Detecting Clinical Deterioration in 

the Hospital with Machine Learning Using Only 

Age, Heart Rate, and Respiratory Rate 

Resuscitation 

English, USA 

Badr et al., 

202120 

Effect of National Early Warning Scoring 

System Implementation on Cardiopulmonary 

Arrest, Unplanned ICU Admission, Emergency 

Surgery, and Acute Kidney Injury in an 

Emergency Hospital, Egypt 

Journal of Multidisciplinary 

Healthcare – Dovepress 

English, Egypt 

Bhatnagar 

et al., 

202121 

Prediction of hospital outcome in emergency 

medical admissions using modified early 

warning score (MEWS): Indian experience 

Journal of Family Medicine 

and Primary Care  

English, India 

Pimentel et 

al., 202122 

Detecting Deteriorating Patients in the Hospital. 

Development and Validation of a Novel Scoring 

System 

American Journal of 

Respiratory and Critical 

Care Medicine 

English, UK 

Wu et al., 

202123 

Implementation of an Electronic National Early 

Warning System to Decrease Clinical 

Deterioration in Hospitalized Patients at a 

Tertiary Medical Center. 

International Journal of 

Environmental Research 

and Public Health 

English, Taiwan 

Shamout et 

al., 202024 

Deep Interpretable Early Warning System for the 

Detection of Clinical Deterioration 

Journal of Biomedical and 

Health Informatics  

English, UK 

Bedoya et 

al., 201925 

Minimal Impact of Implemented Early Warning 

Score and Best Practice Alert for Patient 

Deterioration 

Critical Care Medicine 

English, USA 

Spagnolli et 

al., 201726 

Application of the National Early Warning Score 

(NEWS) as a stratification tool on admission in 

an Italian acute medical ward: A perspective 

study 

The International Journal of 

Clinical Practice 

English, Italy 

Montenegro 

& Miranda, 

201927 

Avaliação do desempenho do escore de alerta 

precoce modificado em hospital público 

brasileiro 

Revista Brasileira de 

Enfermagem (REBEn) 

Portuguese, Brazil 

Kang et al., Real-Time Risk Prediction on the Wards: A Critical Care Medicine 
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201628 Feasibility Study English, USA 

So et al., 

201529 

Is the Modified Early Warning Score able to 

enhance clinical observation to detect 

deteriorating patients earlier in an Accident & 

Emergency Department? 

Australasian Emergency 

Care 

English, Hong Kong 

Source: Prepared by the authors. 

 

All studies had a quantitative design, with retrospective cohort and prospective 

observational methods being the most common, each represented by two articles (16.7%). 

Regarding the application of tools, the National Early Warning Score (NEWS) was the most 

frequently used (n = 4; 33.3%), followed by its modified version, the Modified Early Warning 

Score (MEWS) (n = 3; 25%) (Table 2). 

The primary studies included aimed to demonstrate that it is possible to predict 

adverse events through the use of tools that evaluate vital signs to identify alterations, such as 

systolic blood pressure, respiratory rate, heart rate, temperature, oxygen saturation, and 

supplemental oxygen (Table 2). 

All articles showed significant results in the early detection of clinical deterioration, 

including unplanned ICU admissions, CA, and death, thereby demonstrating the applicability 

of these scores in the clinical care context (Table 2). 

 

Table 2. Characterization of early detection tools for clinical deterioration and their usability 

for preventing cardiac arrest 

Authors / Year 
Early detection tools 

for cardiac arrest 
Usability for preventing cardiac arrest 

Su et al., 202218 
TEWS  

 

The TEWS model detected more cases of 

deterioration with the same level of specificity 

as other algorithms, suggesting it may be an 

alternative method for identifying patient 

deterioration. 

Akel et al., 

202119 
eCART Lite 

eCART Lite significantly outperformed 

MEWS, NEWS, and eCART v2 in predicting 

ICU transfers and composite outcomes. 

Respiratory rate and heart rate were two of the 

strongest predictors. Using only three 

variables, a tool was developed to predict 

clinical deterioration with accuracy 

comparable to or greater than commonly used 
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Authors / Year 
Early detection tools 

for cardiac arrest 
Usability for preventing cardiac arrest 

algorithms, with potential for use in settings 

with limited resources or where low-cost tools 

are required. 

Badr et al., 

202120 
NEWS 

There was a significant reduction in cardiac 

arrests, unplanned ICU admissions, emergency 

surgeries, and acute kidney injuries. NEWS 

implementation was associated with improved 

patient outcomes in hospital wards, increased 

frequency of vital sign measurements, and a 

higher number of medical reviews following 

clinical instability. 

Bhatnagar et al., 

202121 
MEWS 

A MEWS score > 5 within 24 hours of 

admission was significantly associated with in-

hospital mortality, being an effective predictor 

with 78% sensitivity and 94% specificity. 

Thus, MEWS application in medical 

emergency units can be a useful tool to 

enhance patient care, ensure optimal resource 

utilization, and prevent inappropriate 

discharges or neglect of severely ill patients. 

Pimentel et al., 

202122 
HAVEN 

With 10% precision, HAVEN identified 42% 

of cardiac arrests or unplanned ICU 

admissions up to 48 hours in advance. The 

HAVEN machine learning algorithm for early 

detection of hospital deterioration significantly 

outperformed other published scores, such as 

NEWS. 

Wu et al., 

202123 
E-NEWS 

CPRs on wards were significantly reduced 

through the use of E-NEWS, a computerized 

system that updates NEWS automatically 

every hour. 

Shamout et al., 

202024 
DEWS 

DEWS achieved greater accuracy than NEWS 

and state-of-the-art performance, even with a 

limited set of resources. DEWS reduced the 

number of triggers compared to NEWS, 

particularly among younger patients. It also 

performed better on the composite outcome 

and the three individual outcomes (unplanned 

ICU admission, cardiac arrest, and mortality). 

Bedoya et al., 

201925 
NEWS 

The primary outcome of ICU transfer or death 

did not change after NEWS implementation. 

Retraining NEWS with hospital-specific 
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Authors / Year 
Early detection tools 

for cardiac arrest 
Usability for preventing cardiac arrest 

coefficients improved model performance. 

Both in academic and community hospitals, 

NEWS had poor performance characteristics 

and was often ignored by frontline nursing 

staff. Consequently, NEWS implementation 

did not have a notable impact on defined 

clinical outcomes. Adjusting the model using 

local data improved performance and supports 

the validation of predictive models with site-

specific data. 
 

Spagnolli et al., 

201726 
NEWS 

For patients with NEWS > 4 vs. NEWS < 4, 

the risk of early death increased from 12 to 36 

times, total mortality from 3.5 to 9, and urgent 

transfers from 3.5 to 7. Among patients with 

sudden cardiac events, lower scores were 

significantly associated with a higher risk of 

transfer to higher-intensity care. In patients 

with chronic hypoxemia, adverse outcomes 

were less frequent in the medium and high 

NEWS score categories. 

Montenegro & 

Miranda, 201927 
MEWS 

An increasing number of combined events 

were observed as the score value increased. 

MEWS ≥ 4 was the most appropriate cutoff for 

predicting these events. MEWS accurately 

measures the occurrence of severe events in 

patients hospitalized in a Brazilian public 

hospital ward. MEWS ≥ 4 appears to be the 

most suitable cutoff for predicting these 

events. 

Kang et al., 

201628 
eCART 

During the study period, 8/10 patients with 

cardiac arrest had high-risk eCART scores, 

while the RRS was activated in only 2 of these 

cases. Additionally, eCART identified 52% of 

ICU transfers compared to 34% by the current 

system. Patients reached the high-risk eCART 

threshold a median of 30 hours before cardiac 

arrest or ICU transfer, compared to 1.7 hours 

with standard rapid response team activation. 

eCART identified significantly more cardiac 

arrests and ICU transfers than standard RRS 

activation. 

So et al., 201529 MEWS Respiratory rate was a significant vital sign for 
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Authors / Year 
Early detection tools 

for cardiac arrest 
Usability for preventing cardiac arrest 

detecting patient deterioration. The use of 

MEWS for patient monitoring did not 

significantly improve detection of deterioration 

among patients waiting for admission beds in a 

public emergency department. However, 

MEWS may be beneficial for less experienced 

nurses to identify patient deterioration. 

Note: TEWS = Time Series Early Warning Score; MEWS = Modified Early Warning Scores; 

DEWS = Deep Early Warning System; NEWS = National Early Warning Score; E-NEWS = 

On-line Electronic NEWS System; eCART Lite = electronic Cardiac Arrest Risk Triage; 

HAVEN = Hospital-wide Alerting via Electronic Noticeboard System. Fonte: Prepared by 

the authors. 

 

Four of the six instruments used (TEWS, MEWS, DEWS, and NEWS) are manually 

completed scales, while the other three (E-NEWS, eCART Lite, and HAVEN) are electronic 

and automated, providing real-time results. In addition to these data, the methodology 

employed by each of these scores can be found in Table 3. 
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Quadro 3. Tools used for early detection of clinical deterioration and prevention of cardiac 

arrest. 

Tools Usability 

electronic Cardiac Arrest 

Risk Triage (eCART)  

eCART Lite uses three parameters as predictive features: age, 

heart rate, and respiratory rate, which can be extracted in real 

time from patient monitors19,28. 

Time Series Early 

Warning Score (TEWS) 

TEWS uses five vital signs as predictive features: systolic blood 

pressure, diastolic blood pressure, heart rate, respiratory rate, and 

body temperature18. 

National Early Warning 

Score (NEWS) 

NEWS uses seven vital signs as predictive features: systolic 

blood pressure, respiratory rate, heart rate, temperature, oxygen 

saturation, supplemental oxygen, and level of 

consciousness20,25,26. 

Modified Early Warning 

Scores (MEWS) 

MEWS uses five vital signs as predictive features: temperature, 

heart rate, systolic blood pressure, respiratory rate, and level of 

consciousness21,27,29. 

Hospital-wide Alerting via 

Electronic Noticeboard 

System (HAVEN) 

HAVEN provides a real-time risk assessment that is 

continuously updated using patient vital signs, laboratory test 

results, and medical history22. 

On-line Electronic NEWS 

System (E-NEWS) 

E-NEWS uses seven vital signs as predictive features: systolic 

blood pressure, respiratory rate, heart rate, temperature, oxygen 

saturation, supplemental oxygen, and level of consciousness. In 

its electronic version, scores are automatically calculated every 

hour23. 

Deep Early Warning 

System (DEWS) 

DEWS uses seven vital signs as predictive features: systolic 

blood pressure, respiratory rate, heart rate, temperature, oxygen 

saturation, supplemental oxygen, and level of consciousness24. 

Source: Prepared by the authors. 

 

DISCUSSION 

This study presented the use of tools designed for the early recognition of clinical 

deterioration in hospitalized patients as a preventive measure for severe events, particularly 

cardiac arrest (CA). The analysis of the articles revealed that systematized tools play a key 

role in risk management, facilitating the identification of physiological changes and 

significantly reducing the likelihood of CA, unplanned ICU admissions, and death. 

An important initiative was carried out in the United Kingdom in 2012, aiming to 

improve the assessment and documentation of vital signs in hospital settings. This led to the 

introduction of the National Early Warning Score (NEWS), a unified and standardized 

concept at the national level. Since then, early warning scoring systems have been adopted as 
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objective methods to identify patient deterioration and ensure timely interventions29. This 

review found that three authors focused their studies on the applicability and outcomes of 

NEWS20,25,26, while another author developed and applied an electronic version of the score23. 

Brazilian studies indicate that clinical deterioration is often identified late in hospital 

units, which may expose patients to inadequate or delayed treatment, compromising both 

safety and the quality of care27,30. 

This review showed that tools such as NEWS, TEWS, MEWS, and DEWS have the 

potential to prevent or identify adverse events. These simple and versatile tools are based on 

scores assigned to changes in physiological parameters, such as systolic blood pressure, 

respiratory rate, heart rate, temperature, oxygen saturation, supplemental oxygen, and level of 

consciousness18,20,21,24–27,29. 

Evidence indicates that more than 60% of primary adverse events, including death, 

CA, and unplanned ICU transfers, are preceded by confirmed abnormalities in physiological 

parameters. The implementation of evidence-based interventions, such as the systematization 

of clinical processes and early recognition of clinical deterioration, is considered an 

international priority28. 

Understanding how to better organize the care flow for critically ill patients through 

evidence-based interventions, including the systematization of clinical processes, early 

recognition, and treatment of patients in deterioration, is an international priority28. 

Although the primary articles included in this review highlighted the positive effects 

of clinical deterioration tools worldwide, there is a notable scarcity of Brazilian studies, 

particularly those that emphasize the use of these tools by healthcare professionals working in 

Brazilian hospitals. 

To automate the process and avoid human errors, systems such as E-NEWS and 

eCART Lite have emerged, which also use scores based on altered vital signs but in an 

electronic manner, automatically calculating the scores every hour20-22. In addition, HAVEN 

stands out for incorporating laboratory test results and medical history alongside vital signs, 

enabling a more precise interpretation and offering a broader clinical perspective29. 

A study conducted by Kang and colleagues in 2016 in the United States found that 

eight out of ten patients who progressed to CA had high-risk eCART scores. eCART 
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identified significantly more cardiac arrests and ICU transfers than the scores most commonly 

used by rapid response teams in the United States, indicating that it may be a promising 

alternative as a predictor of adverse events28. 

Based on electronic medical records, continuous risk score curves can be used to 

monitor subtle variations in vital signs and successfully predict clinical deterioration in 

general wards. To reduce staff workload and enable immediate early detection of clinical 

deterioration, automated calculations based on electronic medical record data are urgently 

needed20. 

This study emphasizes, through the results of the selected articles, that the use of early 

deterioration tools effectively identifies adverse events, allowing the multidisciplinary team to 

take early and precise actions. Furthermore, these tools significantly improve the quality of 

information during inter-team communication, facilitating decision-making and consequently 

contributing to better healthcare services. 

Algumas limitações devem ser consideradas frente aos resultados apresentados aqui. 

Some limitations should be considered regarding the results presented here. First, the 

heterogeneity of the studies included in this review hinders the establishment of causal 

relationships between the data obtained from the scores and the occurrence of CA and other 

adverse events. The scarcity of high-level evidence studies, such as randomized clinical trials 

and quasi-experimental studies, was also a limiting factor that supports this observation. 

Moreover, the difficulty in finding Brazilian studies (only one was identified) imposes 

restrictions on the generalization of the results of this review to the national reality. 

Recognizing that the methodological quality of the reviewed studies varies 

considerably is essential, as some feature more robust designs, while others used 

observational approaches. Despite this variation, the convergence of results regarding the 

benefits of early detection tools for clinical deterioration suggests consistency in the evidence, 

strengthening confidence in the conclusions. 

Although some limitations exist, the results of this review are promising. While there 

is no national standardization regarding the use of early detection tools for clinical 

deterioration, the positive effects and significant improvements observed after implementing 

these scores are undeniable. 
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Given the importance of interprofessional care for patients, especially in hospital 

settings, the implementation of early warning and rapid response systems to detect clinical 

deterioration is essential. This review highlights several alternatives that can be considered 

and adapted to the specific needs of each healthcare institution. 

However, it is important that the adoption of these systems is not arbitrary. It is 

recommended that healthcare service management teams develop strategies to choose the 

most appropriate approach, considering the challenges faced by the entire healthcare team, 

and not only nursing professionals. This may require investment in continuing education 

programs to ensure proper adherence and effective use of these systems. 

 

CONCLUSION 

Based on the findings of this review, it is evident that the most widely used tools for 

the early detection of clinical deterioration in hospitalized patients include NEWS, MEWS, 

TEWS, and DEWS. These tools have been consistently associated with a reduced likelihood 

of severe events, such as CA, unplanned intensive care unit admissions, and death. 

Furthermore, the results highlight the effective usability of these tools in preventing 

CA and other serious adverse events. The implementation of these early warning systems has 

proven to facilitate the identification of early signs of clinical deterioration, enabling timely 

interventions that can save lives and improve patient outcomes. 

In light of these findings, further studies are recommended to investigate the 

comparative effectiveness of different tools for the early detection of clinical deterioration, as 

well as their adaptation and application across various healthcare settings. Such research can 

contribute to improving clinical practices and enhancing patient safety in hospital 

environments. 
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