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Abstract

Background: Timely activation of Critical Care Outreach Teams (CCOT) plays a pivotal
role in preventing adverse outcomes among deteriorating inpatients. Clinical scoring
systems such as the Modified Early Warning Score (MEWS), CCOT score, and Emergency
Severity Index (ESI) are often employed to guide CCOT triage. This study evaluated the
predictive value of these scores for patient outcomes following CCOT activation.
Objective: To assess the association between MEWS, CCOT score, and ESI with ICU stay,
hospital stay, and in-hospital outcomes in patients managed through CCOT interventions.
Methodology: This retrospective observational study was conducted at a tertiary care

Correspondence: teaching hospital. Data from 208 adult inpatients for whom CCOT calls were initiated over
Dr. Ashish Nair. 6 months were analyzed. Variables included demographics, MEWS, CCOT score, ESI,
Department of Critical Care |department of origin, indication, timing of call, response time, ICU stay, and hospital
Medicine, BVDUMC, Pune. outcomes. Patients were stratified by final disposition (discharged vs expired/LAMA).

Statistical analyses included Mann-Whitney U test, the Chi-square test, and ROC analysis.
Results: Among the 208 patients, 188 (90.4%) were discharged, and 20 (9.6%) died or
left against medical advice. Non-survivors had significantly higher MEWS (7.0 + 4.2 vs.3.6
+1.8; p<0.001), CCOT scores (12.2 £5.8vs.6.4 +2.1; p<0.001), and lower ESI (1.9 + 0.8
vs. 2.7 £ 0.6; p < 0.001). ROC analysis showed ESI had the highest discriminatory power
for predicting discharge (AUC = 0.76). No significant difference in outcome was observed
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INTRODUCTION

Early recognition of clinical deterioration in hospitalized patients is a fundamental component of safe and effective acute
care. Physiological deterioration is frequently preceded by measurable abnormalities in routinely monitored parameters,
providing an opportunity for timely recognition and intervention before progression to serious adverse events. Failure to
identify and respond to these warning signs may result in preventable complications, including cardiac arrest, unplanned
intensive care unit (ICU) admission, and in-hospital mortality.

The concept of identifying hospitalized patients at risk of deterioration and providing timely escalation of care has evolved
substantially over the past two decades. Critical care outreach was developed to extend critical care expertise beyond the
ICU to patients in general hospital wards who may require higher levels of monitoring or organ support. Riley and Faleiro
described the rationale for critical care outreach and emphasized the importance of objective clinical criteria for identifying
patients at risk of deterioration, together with early intervention by Critical Care Outreach Teams (CCOTSs).t The CCOT
risk-scoring approach described in this context provided a structured framework for identifying physiological deterioration
and determining the need for critical care review. In the present study, the CCOT score was adapted from the scoring
criteria described by Riley and Faleiro and was used as one of the clinical risk-stratification tools.*.

The development of early warning systems subsequently provided a more standardized approach to recognizing
physiological deterioration. Subbe et al. validated the Modified Early Warning Score (MEWS), demonstrating an
association between increasing physiological derangement and adverse outcomes, including ICU admission and mortality.
2 MEWS incorporates routinely available physiological variables and offers a simple bedside method for identifying
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patients who may require escalation of care. Its relative simplicity has contributed to its widespread adoption, particularly
in settings where continuous electronic monitoring or sophisticated predictive systems may not be readily available.

In parallel, structured triage systems were developed to assist with assessment of acute illness severity. The Emergency
Severity Index (ESI), a five-level triage system, incorporates both clinical acuity and anticipated resource requirements.
Wouerz et al. demonstrated the reliability and validity of the ESI in emergency care settings. 3 Although ESI was primarily
designed for emergency department triage rather than inpatient deterioration, its incorporation of clinical judgment and
anticipated resource utilization provides a broader assessment of acuity than purely physiology-based early warning scores.

The implementation of structured critical care outreach and early warning systems has subsequently been evaluated in
clinical practice. Priestley et al. reported the results of a ward-randomized trial evaluating the phased introduction of critical
care outreach and demonstrated the potential benefits of an outreach model in the management of deteriorating ward
patients.* These findings contributed to the growing recognition that early identification alone is insufficient unless it is
linked to an effective system for assessment, escalation, and intervention.

The concept subsequently evolved into broader Rapid Response Systems (RRS), incorporating mechanisms for detection
of deterioration, activation of an appropriately skilled response team, and delivery of timely intervention. Calzavacca et al.
demonstrated that delays between the development of trigger criteria and activation of a medical emergency team were
clinically relevant and that maturation of an RRS was associated with changes in activation patterns and outcomes.® Jones
et al. subsequently reviewed the development and evidence surrounding rapid-response teams, highlighting their role in
responding to hospitalized patients with acute clinical deterioration.® A systematic review by Maharaj et al. further
demonstrated that RRS implementation may reduce adverse outcomes such as cardiac arrest and hospital mortality,
although the magnitude of benefit varies according to system design, implementation, staffing, and institutional context.”

The need for standardized physiological assessment led to the development of the National Early Warning Score (NEWS),
followed by the updated NEWS2 system. The Royal College of Physicians introduced NEWS?2 as a standardized approach
to assessing acute illness severity, incorporating respiratory rate, oxygen saturation, supplemental oxygen requirement,
temperature, systolic blood pressure, heart rate, and level of consciousness.® Subsequent studies have evaluated the
performance of NEWS and NEWS?2 in hospitalized patients, with evidence suggesting improved identification of patients
at risk of deterioration compared with some earlier scoring approaches, although performance varies across patient
populations and clinical settings.” !

Despite the increasing use of early warning systems, important limitations remain. Traditional scores generally provide a
snapshot of physiological status and may not fully capture the complexity, trajectory, or clinical context of individual
patients. Furthermore, an association between increasing score and adverse outcome does not necessarily translate into
strong individual-level discrimination. Consequently, considerable overlap may exist between the scores of patients who
subsequently deteriorate and those who do not. This limitation is particularly relevant when scores are used to guide
escalation decisions at the individual patient level.

System-level factors may also influence the effectiveness of deterioration-detection systems. The timing of recognition and
activation, availability of trained personnel, response time, staffing patterns, and differences between routine and out-of-
hours care may all affect patient outcomes. Evidence examining out-of-hours critical care processes has highlighted the
importance of timing and organizational factors in determining outcomes. 12 These observations suggest that the
performance of a scoring system cannot be considered independently of the clinical and operational system in which it is
implemented.

More recent work has focused on comparing and refining early warning systems. Pimentel et al. evaluated NEWS and
NEWS2 for predicting clinical deterioration in hospitalized patients, while subsequent studies have further examined the
performance of NEWS2 across acute hospital populations. '3'* Although these systems provide standardized and
reproducible assessments, their performance remains dependent on the patient population, clinical context, and outcome
being predicted.

At the same time, advances in clinical informatics and machine learning have generated interest in dynamic prediction
models that integrate large numbers of physiological, laboratory, and temporal variables. Such approaches may improve
prediction of clinical deterioration by identifying complex patterns that are not captured by conventional bedside scores.'¢.'”
However, issues relating to data availability, interpretability, external validation, workflow integration, and clinical
implementation remain important barriers to widespread adoption. Conventional bedside scores therefore continue to have
an important role because of their simplicity, transparency, and ease of application.
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In this context, there remains a need to evaluate commonly used clinical scoring systems in real-world populations
undergoing CCOT assessment, particularly in healthcare settings where local patient characteristics, staffing structures,
and resource availability may differ from those in which these scores were originally developed or validated. Direct
comparison of MEWS, CCOT score, and ESI may provide insight into whether a physiology-based score, a CCOT-specific
risk score, or a broader acuity and resource-based triage system offers greater utility in predicting clinically important
outcomes.

The present study therefore aims to evaluate and compare the predictive performance of the Modified Early Warning Score
(MEWS), CCOT score, and Emergency Severity Index (ES1) among hospitalized adult patients requiring CCOT activation
in a tertiary-care setting. The primary objective is to assess their association and discriminatory performance with respect
to clinically relevant outcomes, including in-hospital mortality, ICU admission/ICU stay, and total hospital length of stay.
The study also evaluates the influence of the timing of CCOT activation and departmental variation on patient outcomes.
By comparing these tools within the same patient population and clinical environment, this study seeks to determine their
relative utility for risk stratification and to identify potential limitations in their application to deteriorating hospitalized
patients.

We hypothesize that MEWS and the CCOT score will demonstrate significant associations with adverse clinical outcomes
because of their ability to quantify physiological deterioration, but that their individual-level discriminative performance
may be limited. We further hypothesize that ESI, through incorporation of broader measures of acuity and anticipated
resource requirements, may provide complementary or improved predictive information. The findings of this study may
contribute to the optimization of CCOT activation strategies and support the development of more effective, context-
specific approaches to the recognition and management of hospitalized patients at risk of clinical deterioration.

RESULTS
A total of 208 adult inpatients with CCOT activation were included in the study. Of these, 188 patients (90.4%) survived
and were discharged, while 20 patients (9.6%) either expired or left against medical advice (LAMA) (Figure 1).

Patients with adverse outcomes demonstrated significantly higher illness severity scores, including MEWS (7.0 £ 4.2 vs
3.6 £ 1.8; p<0.001) and CCOT score (12.2 + 5.8 v5 6.4 + 2.1; p < 0.001), along with significantly lower ESI scores (1.9
+0.8 vs 2.7 £ 0.6; p < 0.001), compared with survivors.

ROC curve analysis demonstrated that ESI had the highest predictive accuracy for in-hospital outcome, with an AUC of
0.76, indicating good discriminatory performance. In comparison, MEWS and CCOT scores showed poor predictive
ability, with AUCs of 0.24 and 0.20, respectively, whereas the composite model combining all scores showed no
improvement (AUC = 0.21) (Figure 2)

Correlation analysis revealed no significant association between any of the scoring systems and ICU stay duration or length
of hospital stay (LOHS). However, significant correlations were observed with patient outcomes, with CCOT score
showing the strongest inverse correlation (r = —0.542, p < 0.00001), followed by MEWS (r = —0.426, p < 0.00001). In
contrast, ESI demonstrated a moderate positive correlation with survival outcome (r = 0.347, p < 0.00001). Comparison
based on timing of CCOT activation showed that patients assessed after 4 PM had significantly higher MEWS and CCOT
scores and lower ESI scores, indicating greater physiological derangement; however, discharge rates between before-4 PM
and after-4 PM groups were not significantly different (92% vs 86%, p = 0.167). ICU stay duration was also comparable
between the groups, although a small but statistically significant difference was observed in hospital stay duration (p =
0.019) (Table 1).

Table 1 - Comparison of CCOT activations before and after 4 PM

SCORE BEFORE 4PM (n=152) | AFTER4PM p-value
(n =56)

Survived Died Survived | Died

140 12 48 8
MEWS 3.32 5.68 < 0.00001
CCOT SCORE 6.46 8.39 < 0.00001
ESI 2.76 2.25 < 0.00001
ICU STAY (days) 3.23 2.88 0.064
LENGTH OF HOSPITAL STAY (days) | 5.89 5.75 0.019
DISCHARGE RATE (%) 92% (8% mortality) 86% (14% mortality) | 0.167
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Table 2 — Correlation between MEWS, CCOT, and ESI with Length of ICU stay, Length of Hospital stay (LOHS)
and outcomes.

VARIABLE PAIR Spearman / p-value CORRELATION
Point-Biserial r
MEWS
MEWS vs ICU Stay —0.024 0.732 No significant correlation
MEWS vs LOHS —0.045 0.523 No significant correlation
MEWS vs Outcome -0.426 < 0.00001 Moderate inverse correlation
CCOT SCORE
CCOT vs ICU Stay 0.035 0.614 No significant correlation
CCOT vs LOHS -0.019 0.781 No significant correlation
CCOT vs Outcome -0.542 < 0.00001 Strong inverse correlation
ESI SCALE
ESI vs ICU Stay —-0.037 0.599 No significant correlation
ESI vs LOHS 0.056 0.423 No significant correlation
ESI vs Outcome 0.347 < 0.00001 Moderate positive correlation
MEWS
Modified Early Warning Score (MEWS)
Score 3 2 1 1 2 3
Respiratory rate <9 9-14 15-20 21-30 >30
Saturation rate (with therapy) <90
Heart frequency <40 40-50 | 51-100 | 101-110 | 111-130 | >130
Systolic blood pressure <70 70-80 81-100 | 101-200
Temperature <351 | 351-365  365-375 | >375
Consdousness A v P v
Urine production < 75mLin the last 4 hours
Nurse being worried 1 point
A= Alert V = Response to verbal stimulation P = Response to painful stimulation U = Unresponsive
1. Determine MEWS -> MEWS 2 3 contact clinician on duty
2. Clinkian on duty assess patient <30 minand draft a plan for treatment
3. Effect of treatment is analyzed < 60 min
4, If no effect of treatment =) clinician on duty contacts RIT
S. If notcomplied with 2,3,4 - dinidan on duty or nurse contacts RIT
6. Document aberrant parameters in the patient’ charts

Figure 1a — Modified Early Warning Score (MEWS)
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ESI

1 -Immediate- life threatening

2 - Emergency - could become life threatening

3 - Urgent - not life threatening

4 - Semi-urgent - not life threatening

5 - non-urgent - needs treatment when time permits

Parameter
Vital Signs

Consciousness

Urine Output
Arterial Blood Gas (ABG)

Clinical Signs

Figure 1c- Critical Care Outreach Team (CCOT) scoring system

Figure 1b — Emergency Severity Index (ESI)

Sub-Parameter

Heart Rate
Blood Pressure

Respiratory Rate
Temperature
Oxygen Saturation
Alert
Confused

Drowsy

Unconscious/Unresponsive

pH
PaCO:
HCOs
PaO:

Chest Pain (new onset)

Signs of Respiratory Distress

Abnormal Labs (e.g.. {lactate, |Hb)

Criteria

<60 or >100 bpm

<90/60 mmHg or >140/90 mmHg

>20 breaths/min
<36.5°C or >37.5°C
<929,

Normal

<0.5 mL/kg/hr
<7.35 or >7.45
<35 or >45 mmHg
<22 or >28 mEq/L
<80 mmHg

Present

Present

Present
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\ STUDY PERIOD
April 2025 - August 2025

|

PILOT PHASE (3 MONTHS)
« Feasibility assessment

« Validation of outreach workflow
« Development of CCOT outreach system

|

INTRODUCTION OF DEDICATED
OUTREACH PHONE SYSTEM

|

PATIENTS SCREENED ‘
‘ n=208

IA
' .

BEFORE 4 PM CALLS | AFTER 4 PM CALLS
n=152 n=56
SURVIVED DIED SURVIVED DIED
n =140 n=12 n=48 n=8

Figure 3

ROC Curve Comparison

o
o

True Positive Rate
o
ES

MEWS (AUC = 0.24)
—— CCOT (AUC = 0.20)
— ESI (AUC = 0.76)

Composite (AUC = 0.21)

0.4 0.6 0.8 1.0
False Positive Rate

Figure 4 - The ROC curve analysis between ESI, CCOT, and MEWS.

DISCUSSION
Critical Care Outreach Teams (CCOTSs) and rapid response systems have evolved as important components of hospital -

based strategies for the early recognition and management of clinical deterioration. Their primary objective is to identify
patients at risk of further physiological deterioration and facilitate timely assessment, escalation, and intervention before
progression to major adverse events. Critical care outreach developed in response to the recognition that critical care
expertise could extend beyond the ICU to deteriorating ward patients through structured clinical assessment and predefined
trigger criteria.! Subsequent studies evaluating critical care outreach and rapid response systems have suggested potential
reductions in adverse outcomes, although the magnitude of benefit has varied according to patient population, system

organization, staffing, and timeliness of response.?”*
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The present study evaluated the prognostic performance of three clinically different assessment tools—Modified Early
Warning Score (MEWS), CCOT score, and Emergency Severity Index (ESI)—among hospitalized adult patients
undergoing CCOT activation. The principal finding was that ESI showed better discrimination for in-hospital mortality
than either MEWS or the CCOT score, with an area under the receiver operating characteristic curve (AUC) of 0.76.
Although patients with adverse outcomes demonstrated greater physiological derangement reflected by higher MEWS and
CCOT scores and lower ESI scores, the relatively poor discriminatory performance of MEWS and CCOT indicates that
association with clinical severity does not necessarily translate into adequate individual-level prediction of mortality.

Performance of MEWS and CCOT scores

MEWS was developed as a simple bedside tool to identify patients with physiological abnormalities who may be at
increased risk of deterioration. Subbe et al. demonstrated that increasing MEWS was associated with ICU admission and
mortality, establishing its utility as an early warning tool in hospitalized medical patients. ¢ The subsequent development
of NEWS and NEWS?2 represented efforts to improve standardization and sensitivity for detecting deterioration by
incorporating additional physiological variables, including oxygen saturation and supplemental oxygen requirement. 7'°

In the present study, higher MEWS values were observed among patients experiencing adverse outcomes, confirming that
greater physiological derangement was associated with poorer clinical outcomes. However, the ROC analysis demonstrated
poor discrimination. This finding is clinically important because an early warning score may perform well as a surveillance
and trigger tool without necessarily functioning as a strong prognostic model. The purpose of MEWS is primarily to identify
physiological instability and prompt clinical reassessment rather than to provide an individualized estimate of mortality
risk.

The relatively poor discriminatory performance observed in our cohort may also reflect the characteristics of patients
referred to CCOT. Once a patient has fulfilled criteria for outreach activation, the cohort is already enriched for
physiological instability and clinical concern. Consequently, the range of MEWS values may become compressed, reducing
the ability of the score to distinguish between survivors and non-survivors. In addition, ward patients requiring CCOT
intervention represent a heterogeneous population in whom the underlying cause, trajectory of illness, comorbidity burden,
treatment limitations, and timing of escalation may influence outcome independently of the initial physiological score.

The CCOT score showed a similar pattern. Patients with adverse outcomes had higher CCOT scores, indicating greater
physiological abnormality and clinical risk. This is consistent with the rationale underlying critical care outreach, in which
objective clinical criteria are used to identify patients who may require escalation of care. * However, the poor
discriminatory performance of the CCOT score suggests that the score may be more useful for identifying patients requiring
outreach assessment than for accurately predicting subsequent mortality.

An additional consideration is that the CCOT score used in this study was based on criteria described in the early
development of critical care outreach and adapted to the local clinical context. * Unlike extensively validated scores such
as NEWS2, locally implemented CCOT scores may vary in the variables included, thresholds applied, and escalation
pathways attached to particular scores. Therefore, their prognostic performance may differ substantially between
institutions. External validation and prospective assessment would be required before such a score could be generalized to
other healthcare settings.

Superior discriminatory performance of ESI

The most notable finding of the study was the superior performance of ESI, which demonstrated an AUC of 0.76 for
predicting in-hospital mortality. ES1was originally developed as a five-level emergency department triage system intended
to classify patients according to clinical acuity and anticipated resource requirements rather than to function as a mortality
prediction model.! Its performance in the present CCOT population is therefore particularly interesting.

The lower ESI categories observed among patients with adverse outcomes suggest that patients judged to have greater
acuity and higher anticipated resource requirements were more likely to experience poor outcomes. Unlike MEWS, which
is predominantly based on physiological measurements, ESI incorporates an assessment of overall clinical acuity and
anticipated resource utilization. This multidimensional approach may have provided additional prognostic information in
the heterogeneous population undergoing CCOT activation.

However, the present findings should not be interpreted as demonstrating that ESI is intrinsically superior to MEWS or
NEWS?2 for predicting deterioration in hospitalized patients. The ESI was developed for a different clinical environment,
and its performance in this study may partly reflect the clinical characteristics and workflow of the local CCOT population.
In addition, ESI incorporates clinical judgment, which may capture information not represented by routinely measured
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physiological variables. This may be particularly relevant in patients whose risk is influenced by factors such as rapidly
evolving clinical conditions, anticipated need for organ support, or overall clinical appearance.

The findings nevertheless raise the possibility that broader assessments of acuity may complement conventional
physiological early warning scores in patients already identified as requiring critical care outreach. Further prospective
studies comparing ESI with MEWS, NEWS2, and validated deterioration models in CCOT populations would be necessary
to determine whether this observation is reproducible.

Timing of CCOT activation and after-hours deterioration

Another important finding was the difference in clinical severity according to the timing of CCOT activation. Patients
activated after 4 PM had significantly higher MEWS and CCOT scores and lower ESI scores, suggesting greater
physiological derangement among patients requiring outreach assessment outside routine working hours. Although the
difference in mortality between patients activated before and after 4 PM did not reach statistical significance, the observed
trend toward higher mortality during the after-hours period is clinically relevant.

The timing of recognition and escalation is an important component of rapid response system effectiveness. Rapid response
systems are dependent not only on the ability to identify deterioration but also on the availability of an appropriately skilled
team and the speed with which the response is initiated.*.* Previous literature has emphasized that delays in recognition
and escalation may influence outcomes, particularly during periods of reduced staffing or altered patterns of clinical
surveillance.!?,!3

Our finding of greater physiological derangement among after-hours CCOT activations may have several possible
explanations. Patients may deteriorate later in their clinical course, recognition may be delayed until routine staffing levels
decrease, or changes in ward surveillance and escalation practices may influence the timing of referral. Alternatively, the
difference may reflect differences in the underlying case mix between daytime and after-hours referrals. Because the
mortality difference did not reach statistical significance, these findings should be interpreted as hypothesis-generating
rather than evidence of a definitive after-hours mortality effect.

Nevertheless, the observation supports the importance of maintaining consistent mechanisms for recognition, activation,
and response throughout the 24 hours. A CCOT system that is available only during selected hours may fail to provide
equivalent opportunities for early intervention across the hospital day.

Relationship with ICU and hospital length of stay

In the present study, the absence of significant correlations between the evaluated scoring systems and ICU or total hospital
length of stay suggests that these tools may have greater utility for identifying immediate clinical risk than for predicting
subsequent resource utilization or duration of hospitalization.

Length of stay is inherently multifactorial and is influenced by factors that extend beyond acute physiological severity.
These include baseline comorbidity, functional status, complications during hospitalization, response to treatment,
rehabilitation requirements, availability of step-down facilities, discharge planning, and institutional practices.
Consequently, a score measured at the time of CCOT activation may reasonably be expected to have limited ability to
explain the eventual duration of hospitalization.

Similarly, ICU length of stay is influenced by the trajectory of organ dysfunction after admission, response to treatment,
development of complications, and decisions regarding escalation or de-escalation of care. Therefore, the absence of a
significant relationship between baseline early warning scores and ICU or hospital length of stay does not necessarily
indicate that these scores lack clinical utility. Rather, it reinforces the distinction between prediction of acute deterioration
or mortality and prediction of downstream healthcare utilization.

Combined scoring models

An additional finding was that combining MEWS and CCOT score with ESI did not improve predictive performance. The
composite approach demonstrated poor discrimination despite ESI alone showing an AUC of 0.76. This suggests that the
information provided by the three scores may not be complementary in the manner anticipated

One possible explanation is substantial overlap between the variables captured by MEWS and CCOT score, both of which
assess physiological deterioration. Adding correlated measures may therefore provide limited incremental information.
Furthermore, the incorporation of ESI into a simple composite score may introduce differences in scale, weighting, and
clinical constructs that are not appropriately handled by unweighted combination. A score designed for triage may capture
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dimensions of clinical acuity that cannot simply be added to physiological scores without formal model development and
calibration.

This finding highlights an important principle in clinical prediction research: adding more scores does not necessarily
improve prediction. Incremental predictive value should be assessed using appropriately developed multivariable models,
discrimination metrics, calibration, and measures of clinical utility rather than by simple aggregation of existing scores.

Implications for contemporary deterioration prediction

The limitations of conventional early warning scores have generated increasing interest in dynamic prediction models and
machine learning. These approaches can integrate multiple physiological measurements, laboratory variables, temporal
trends, and clinical characteristics to generate individualized estimates of deterioration risk. '*.'> Such models may
potentially identify subtle changes in patient trajectory that are not captured by a single cross-sectional score.

However, the complexity of machine learning models also introduces challenges related to interpretability, data quality,
external validation, workflow integration, and generalizability. Therefore, despite their potential advantages, they should
not be considered a replacement for simple bedside assessment without robust prospective validation.

The findings of the present study reinforce the continued importance of conventional scores while demonstrating that their
clinical roles should be appropriately defined. MEWS and CCOT scores may be particularly valuable as structured trigger
and surveillance tools, whereas ESI may provide additional information regarding overall acuity in selected CCOT
populations. None of these scores, however, should be considered a substitute for clinical assessment and reassessment of
a deteriorating patient.

Strengths And Limitations

This study provides a direct comparison of three clinically distinct scoring approaches within the same population of
hospitalized patients undergoing CCOT activation. The inclusion of MEWS, CCOT score, and ESI allows comparison
between physiological deterioration assessment, outreach-specific criteria, and broader acuity-based triage. Evaluation of
timing of CCOT activation also provides insight into an important operational component of outreach services.

Several limitations should be acknowledged. First, this was a single-center observational study, and the relatively small
sample size may limit statistical power and generalizability. Second, the observational design precludes causal conclusions
regarding the relationship between score values, timing of activation, and clinical outcomes. Third, the CCOT score was
locally adapted from the criteria described in the early critical care outreach literature and has not undergone extensive
external validation. Fourth, ESI was originally designed for emergency department triage and not specifically for mortality
prediction among hospitalized CCOT patients; therefore, its observed performance should be interpreted within the context
of this study population. Finally, factors such as comorbidities, treatment limitations, time from physiological deterioration
to CCOT activation, and subsequent interventions may have influenced outcomes but were not necessarily captured by the
scoring systems.

CONCLUSION

In this study of hospitalized adults undergoing CCOT activation, ESI demonstrated better discriminatory performance for
in-hospital mortality than MEWS and CCOT score, with an AUC of 0.76. Higher MEWS and CCOT scores and lower ESI
scores were associated with adverse outcomes, indicating that all three tools reflected clinical severity to some extent;
however, MEWS and CCOT demonstrated poor discriminatory ability for individual outcome prediction. Patients activated
after 4 PM had greater physiological derangement, although the observed increase in mortality did not reach statistical
significance.

These findings suggest that conventional physiological scores may be more appropriate as early recognition and escalation
tools than as standalone mortality prediction models. The superior performance of ESI in this cohort warrants further
investigation but should be interpreted cautiously given its original purpose as an emergency department triage instrument.
Future multicentre prospective studies with larger cohorts and formal model validation are required to determine whether
ESI or other multidimensional approaches can improve risk stratification in CCOT populations. Integration of clinical
scoring with dynamic physiological and laboratory data, including appropriately validated machine-learning approaches,
may ultimately provide more accurate individualized prediction of deterioration and support more timely escalation of care.
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