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Abstract

Background/Objectives: In-hospital cardiac arrest (IHCA) remains a critical event with high
mortality, requiring coordinated multidisciplinary response. Return of spontaneous circulation
(ROSC) and hospital discharge rates are key quality indicators in resuscitation efforts. In Latin
America, there is limited data on team performance, protocol adherence, and the pharmacist’s role
in code blue events. This study aimed to evaluate clinical outcomes and operational performance of
in-hospital cardiac arrest events at a Latin American hospital. Methods: This retrospective cohort
study included 77 adult patients who experienced IHCA at Clinica Biblica between 2020 and 2024.
Data collection was conducted between February and May 2025 from electronic medical records and
code blue activation logs. Clinical variables, comorbidities, pharmacologic interventions, and
outcomes were analyzed. Predictive models (Charlson Comorbidity Index [CCI], IHCA-ROSC, RISQ-
PATH) and Kaplan-Meier survival analysis were applied.Results: ROSC was achieved in 55.8% of
patients, and 21% were discharged alive. Asystole was the predominant initial rhythm (76.6%), and
comorbidities such as renal disease and myocardial infarction were most frequent. A higher
comorbidity burden was significantly associated with lower discharge rates (p = 0.032). Despite 98.7%
of patients being classified as low probability for ROSC by the IHCA-ROSC model, observed
outcomes exceeded expectations (predicted: 5.53% vs. actual: 55.84%; p < 0.000001). The code team
adhered to institutional protocols in 100% of cases, with clinical pharmacists playing a key role in
documentation and medication tracking. Conclusions: Structured multidisciplinary response was
associated with ROSC rates notably higher than predicted by validated models. Opportunities for
improvement include post-event laboratory testing, pharmacist-led documentation, and therapeutic
hypothermia in shockable rhythms.

Keywords: cardiac arrest; ROSC; code blue; clinical pharmacist; Charlson Comorbidity Index;
in-hospital survival; emergency response; IHCA-ROSC; Latin America

1. Introduction

Timely and effective management during an in-hospital code blue event is a key determinant of
patient survival and subsequent quality of life. Cardiopulmonary resuscitation (CPR), the
appropriate administration of medications, and the accurate identification of the initial cardiac
rhythm significantly influence immediate outcomes and the likelihood of hospital discharge [1,2].

The effectiveness of an in-hospital code blue team depends on multiple factors. One critical
aspect is the clear assignment of roles and responsibilities among professionals from various
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disciplines, which has been identified as a key contributor to successful interventions [3,4]. Likewise,
strong leadership is essential, as it facilitates rapid decision-making and precise coordination of team
actions, minimizing errors and optimizing critical interventions [5,6].

Simulation-based strategies have proven effective in strengthening both technical and non-
technical skills, leading to improved team performance and better clinical outcomes, such as
increased survival rates [7,8]. Furthermore, a culture of interprofessional collaboration fosters the
early activation of code blue protocols, reducing delays and enabling a more effective response [9].

Strict adherence to resuscitation algorithms and operational standards during code blue events
has been associated with improved outcomes, including reduced neurological morbidity and
increased survival [7]. Additionally, structured review and analysis of code blue management can
uncover areas for improvement, promoting organizational learning and continuous optimization of
team performance [3,8].

One of the primary indicators used to evaluate the effectiveness of code blue management is the
return of spontaneous circulation (ROSC) rate. According to the literature, the average ROSC rate in
adult patients experiencing in-hospital cardiac arrest ranges from 66% to 72%, with variability across
hospitals and patient subgroups [10,11]. For events occurring in intensive care units (ICUs), this rate
decreases to approximately 62% [12]. Overall hospital discharge survival following in-hospital
cardiac arrest is estimated at around 24%, according to international guidelines, with variations
depending on the initial rhythm, event location, patient age, and comorbidities [13].

Moreover, the Charlson Comorbidity Index (CCI) is a validated tool that quantifies the burden
of comorbid conditions and provides prognostic value in the context of in-hospital cardiac arrest [14].
The In-Hospital Cardiac Arrest-Return of Spontaneous Circulation (IHCA-ROSC) score, validated in
a multicenter cohort, enables standardized estimation of ROSC. It integrates pre-arrest clinical
variables, facilitating outcome comparisons and performance assessment during resuscitation efforts.
However, its predictive value for individual prognosis remains limited [10]. The Risk Score for QTc
Prolongation (RISQ-PATH), on the other hand, lacks evidence supporting its use as a prognostic tool
for clinical outcomes [15]. Nevertheless, it is included in this analysis on an exploratory basis to
evaluate potential associations.

The initial cardiac rhythm also has a significant impact on survival. In arrests with shockable
rhythms, survival exceeds 35%, while in non-shockable rhythms, such as asystole or pulseless
electrical activity, survival ranges between 10% and 12%. Patients with shockable rhythms also tend
to achieve better neurological outcomes upon discharge [16].

A key rationale for conducting this study is the limited and heterogeneous body of literature
available in Latin America regarding code blue management. Most published studies focus on out-
of-hospital cardiac arrest, while those addressing team-based management, ROSC rates, in-hospital
cardiac arrest, and clinical outcomes are scarce. Additionally, there is a persistent lack of evaluations
assessing protocol adherence and providing a comprehensive characterization of how these events
are managed within the regional hospital context [17].

Aligned with the concept of a “learning health system,” multidisciplinary analysis of code blue
events enables the implementation of protocol modifications aimed at improving the quality of
resuscitative care and clinical outcomes [18]. Within this context, the role of pharmacists in recording
and documenting events has gained relevance and has been implemented at Clinica Biblica.

Retrospective analysis of code blue events not only enables the identification of key indicators
such as ROSC, in-hospital mortality, and discharge rates, but also helps uncover gaps in clinical
processes that may impact patient outcomes [18]. In this context, the Joint Commission International
(JCI) standard COP.04.00 underscores the importance of internally reviewing resuscitation events,
incorporating both clinical outcomes and the processes involved in patient care [16].

The objective of this study is to analyze the management of code blue events at Clinica Biblica
through a retrospective review of cases that occurred between January 2020 and December 2024. The
findings will contribute to strengthening the regional characterization of code blue team performance
in in-hospital cardiac arrest and will serve as a foundation for proposing recommendations to

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202508.1477.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 20 August 2025 doi:10.20944/preprints202508.1477.v1

3 of 17

improve the institutional protocol. These improvements aim to promote safer and more efficient care,
while reinforcing the role and performance of each member of the resuscitation team.

2. Materials and Methods

This retrospective observational study was designed to analyze the clinical outcomes of code
blue events recorded at Clinica Biblica between January 2020 and December 2024. In addition,
patterns within the care processes potentially associated with these outcomes were identified, with
the aim of generating institutional recommendations aligned with the continuous improvement
standards set forth by the Joint Commission International.

2.1. Study Design and Setting

All patients who experienced an in-hospital code blue activation during the defined period were
included, while those with incomplete medical records or who were deceased prior to the arrival of
the response team were excluded. Data collection was conducted between February and May 2025
through a thorough and systematic review of clinical and operational records.At Clinica Biblica, Code
Blue activations are initiated by healthcare personnel who identify signs of cardiac arrest —either
through continuous monitoring or clinical observation (e.g., unresponsiveness, apnea, pulselessness).
Once recognized, the event is immediately reported via the centralized Code Blue alarm system,
which is broadcast hospital-wide through speakers and digital displays. This system allows for the
rapid mobilization of a pre-designated multidisciplinary response team, including medical, nursing,
pharmacy, and technical staff. Due to the strategic distribution of team members and clearly
established response protocols, arrival times are extremely short—typically within seconds—
enabling prompt and high-quality clinical intervention.

A structured instrument was used to collect sociodemographic variables, comorbidities, event-
related data (initial rhythm, medications administered, interventions performed), immediate
outcomes (ROSC), subsequent mortality, and hospital discharge status. The following prognostic
scores were applied: Charlson Comorbidity Index (CCI), In-Hospital Cardiac Arrest-Return of
Spontaneous Circulation (IHCA-ROSC), and RISQ-PATH.

Statistical analysis included measures of central tendency, proportions, and subgroup
comparisons using Fisher’s exact tests and relative risk calculations with 95% confidence intervals.
The study was approved by the Scientific Ethics Committee of the University of Costa Rica (CEC-
143-2019).

2.2. Inclusion and Exclusion Criteria

The study included all patients who experienced a code blue event at Clinica Biblica between
January 2020 and December 2024, regardless of whether a pharmacist participated during the
resuscitation. Cases were excluded if the medical records were incomplete or lacked sufficient
information regarding the code blue intervention.

2.3. Institutional Information

The Hospital Clinica Biblica is a private, high-complexity medical center located in San José,
Costa Rica, with an average capacity of 61 beds in recent years. The average daily volume of
outpatient discharges, considering the period from 2020 to 2024, is approximately 6 patients.
Although there is no systematic record of the number of visitors, the hospital maintains a constant
flow of patients and companions, consistent with its role as one of the country’s main referral centers.

2.4. Data Collection

Data collection was conducted between February 1 and May 15, 2025, through an exhaustive
review of electronic medical records and code blue activation logs from Clinica Biblica. A
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standardized instrument developed by the research team was used to systematically gather
information, ensuring consistency across data points.

The instrument captured sociodemographic variables such as age, sex, year of the event, and the
location within the hospital where the code blue was activated. It also documented clinical admission
conditions and relevant comorbidities, which were used to calculate the Charlson Comorbidity Index
(CCI). This index estimates the comorbidity burden and predicts one-year mortality risk by assigning
weighted scores to specific pre-existing conditions. In this study, the CCI was applied retrospectively
to each patient according to criteria established in the literature. In addition to comorbidities, the
instrument captured whether patients received mechanical ventilation prior to the event, including
both invasive mechanical ventilation (MV) and non-invasive ventilation (NIV), as documented in the
medical record.

The In-Hospital Cardiac Arrest-Return of Spontaneous Circulation (IHCA-ROSC) score was
calculated to estimate the likelihood of achieving ROSC after an in-hospital cardiac arrest, based on
various pre-event clinical variables. The Risk Score for QTc Prolongation (RISQ-PATH) was also
applied on an exploratory basis to estimate the risk of QTc interval prolongation based on individual
clinical factors. Notably, the RISQ-PATH was calculated using clinical variables only, excluding QT-
prolonging medication exposure, due to the retrospective nature of the study and the lack of
standardized data on medication use in the reviewed records. All variables used are defined in Annex
S1.

Regarding pharmacologic management, all medications administered during the events were
recorded, along with the number of doses. Cardiac rhythm tracings documented during the code
blue events were analyzed to determine the presenting rhythm at the time of arrest and to evaluate
the appropriateness of defibrillation decisions. This also allowed for assessment of whether
pharmacological interventions aligned with the identified cardiac rhythm. The aim of this component
was to identify opportunities to improve real-time clinical decision-making, particularly in relation
to rhythm recognition and the selection of appropriate medications.

Additionally, the roles performed by different healthcare professionals during each code blue
event were described, with particular attention to the role of the clinical pharmacist. Finally, the
primary clinical outcomes were recorded, including whether ROSC was achieved, in-hospital
mortality, and the final disposition of the patient following the event. All collected data were
consolidated into a structured database for subsequent analysis.

2.5. Statistical Analysis

Statistical analysis was conducted using a quantitative, retrospective approach, aiming to
describe the clinical outcomes observed during code blue events and to identify potential associations
between clinical variables and outcomes. Descriptive statistics were first applied to characterize the
cohort. Continuous variables, such as age, were summarized using measures of central tendency and
dispersion, specifically the median and interquartile range. Categorical variables, such as sex, initial
cardiac rhythm, presence of comorbidities, and clinical outcomes, were presented as absolute
frequencies and proportions.

Subsequently, Kaplan-Meier survival curves were generated to analyze the cumulative
probability of two primary outcomes: return of spontaneous circulation (ROSC) and in-hospital
survival. These curves allowed for the evaluation of how the duration of the code blue event,
measured in minutes, correlated with a progressive decline in the probability of achieving these
clinical outcomes.

Comparisons between subgroups were conducted using Fisher’s exact test, due to the small
sample size and the categorical nature of the variables. These tests were used to compare outcomes
based on comorbidity burden (Charlson Comorbidity Index), estimated risk from the RISQ-PATH
score, and other clinical variables. In addition, relative risks (RR) with 95% confidence intervals were
calculated to estimate the magnitude of observed associations.
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To predict ROSC, the validated IHCA-ROSC model was used. This score integrates multiple
clinical variables to estimate the adjusted probability of achieving ROSC. Each variable was assigned
a value based on the 3 coefficients reported in the literature, and the corresponding logistic formula
was applied. The resulting logit (p) was transformed into a probability using the logistic function.
This individual probability was calculated for each patient using an automated system.

2.6. Ethical Approval and Consent to Participate

This study was approved by the Scientific Ethics Committee of the University of Costa Rica on
June 16, 2025 (Approval Reference Number: CEC-347-2025). Written informed consent was not
required, as no direct interventions were performed on the patients.

3. Results

3.1. Demographic Characteristics, Comorbidities, and Clinical Outcomes

A total of 77 patients who experienced in-hospital code blue events between January 2020 and
December 2024 were included in the analysis. Table 1 summarizes the demographic characteristics
and distribution of comorbidities observed in these patients. The median age was 70 years, with an
interquartile range of 52-83 years, and 61% of the patients treated for cardiopulmonary arrest during
this period were male.

Table 1. Demographic characteristics, event outcomes, and comorbidities in patients with code blue

activations.
Characteristics n (%) or Median (IQR)
Demographic Data
Age (years). median (IQR) 70 (52-83)
Male sex 47 (61)
Event Outcomes
ROSC achieved 43 (55.84)
Death during code blue 34 (44.16)
Transferred to another healthcare facility 10 (12.99)
Post-event death 17 (22.08)
Hospital discharge 16 (20.78)
Comorbidities
Myocardial infarction 16 (20.78)
Cerebrovascular disease 6 (7.79)
Congestive heart failure 7 (9.09)
Peptic ulcer disease 9 (11.69)
Diabetes (without end-organ damage) 7 (9.09)
Chronic pulmonary disease 4 (5.19)
Dementia 5(6.49)
Mild liver disease 2 (2.60)
Diabetes with end-organ damage 14 (18.18)
Moderate or severe renal disease 20 (25.97)

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202508.1477.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 20 August 2025 doi:10.20944/preprints202508.1477.v1

6 of 17

Hemiplegia 1(1.30)

Tumor without metastasis 10 (12.99)
Lymphoma 1(1.30)
Moderate or severe liver disease 5 (6.49)
Metastatic solid tumor 3 (3.90)

Note: The following comorbidities were not observed in the analyzed cohort: peripheral vascular disease,
connective tissue disease, leukemia, and AIDS.

Regarding immediate outcomes, 43 patients (55.84%) achieved return of spontaneous circulation
(ROSC), while 34 (44.16%) died during the code blue event. Of the 43 patients who achieved ROSC,
10 (12.99%) were transferred to another healthcare facility, and the remainder were admitted to the
intensive care unit (ICU). Among those admitted to the ICU, 17 patients (22.08%) died during their
stay, and 16 patients (20.78%) were eventually discharged.

Figure 1 displays two Kaplan-Meier curves illustrating survival among patients who
experienced a code blue (n = 77). The survival curve up to ROSC shows that while the initial
probability of survival begins at 100%, it progressively declines as the duration of the resuscitation
effort increases. A particularly steep drop is observed between minutes 10 and 20, with the curve
stabilizing around 53% by minute 30. This decline reflects mortality occurring during resuscitation,
underscoring the importance of minimizing code duration to improve survival outcomes.

In contrast, the in-hospital survival curve continues to decline beyond the ROSC curve,
following a similar downward trend and reaching approximately 35% at 30 minutes. This progressive
decline highlights that, although ROSC is achieved, a significant proportion of patients subsequently
die due to complications during hospitalization. These findings demonstrate that achieving ROSC
alone is not sufficient to ensure in-hospital survival, emphasizing the critical need for appropriate
post-resuscitation care.

Cumulative survival probability by duration of resuscitation: ROSC vs. hospital discharge
100% ¥

90%
—4—Survival until hospital discharge ~ —m— Achieved ROSC during resuscitation
80% |
70%
60% -
50% -

40% |

30% -

Cumulative probability of survival (%)

20% -

10%

]ﬁ
0% ]
0 10 20 30 40 50 60
Duration of code blue event (minutes)

Figure 1. Kaplan-Meier survival curves: ROSC vs. in-hospital survival.

3.2. Association Between Comorbidity and Clinical Outcomes

According to the Charlson Comorbidity Index (CCI), the most prevalent conditions among the
77 patients analyzed were: moderate or severe renal disease (25.97%), myocardial infarction (20.78%),
diabetes with end-organ damage (18.18%), tumor without metastasis (12.99%), and peptic ulcer
disease (11.69%). Based on the CCI scores (Annex S1), 15 patients (19.48%) had a high comorbidity
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burden, 12 (15.58%) had moderate comorbidity, and 50 (64.94%) had low comorbidity, the latter being
the most frequent. Table 2 summarizes the relationship between the level of comorbidity and the
main clinical outcomes.

Table 2. Summarizes the relationship between comorbidity level and key clinical outcomes.

CClI Classification

Variable Low Moderate High
n (%)t n (%)t n (%)t p-value* RR (95%CI)
50(64.94) 12 (15.58) 15 (19.48)
Shockable initial 0.600
thythm 12 (24.00) 3 (25.00) 6 (40.00) 0.323 0272 - 1.325]
) 1.050
ROSC achieved 28 (56.00) 7 (58.33) 8 (53.33) >0.999 [0.616 —1.790]
Hospital 4.550
13 (65. 2 (33.33 1(14.2 .032
discharget (65.00) ( ) (14.29) 00 [0.720 — 28.732]

Abbreviations: CCI: Charlson Comorbidity Index; CI: Confidence Interval; ROSC: Return of Spontaneous
Circulation; RR: Relative Risk. *p-value reflects comparison between low and high comorbidity groups only. +
Percentages calculated within each comorbidity group. { Calculated only for patients who achieved ROSC and

remained hospitalized.

The frequency of shockable rhythms was higher in the high-comorbidity group (40.0%)
compared to the low-comorbidity group (24.0%), although this difference was not statistically
significant (p = 0.3235; RR: 0.60; 95% CI: 0.27-1.32). ROSC rates were similar between the two groups
(56.0% vs. 53.3%; p > 0.9999; RR: 1.05; 95% CI: 0.62-1.79). In terms of hospital discharge, a significant
difference was observed in favor of the low-comorbidity group (65.0%) compared to the high-
comorbidity group (14.3%) (p = 0.0329; RR: 4.55; 95% CI: 0.72-28.73).

3.3. Association Between RISQ-PATH and Clinical Outcomes

According to the RISQ-PATH score classification, 38 patients (49.4%) were categorized as low
risk and 39 (50.6%) as high risk. The association between this classification and the main clinical
outcomes is presented in Table 3. Baseline clinical characteristics were comparable between the two
groups, particularly with respect to age and comorbidities. The proportion of shockable rhythms was
low in both groups but slightly higher in the low-risk group (7.89% vs. 2.56%), without reaching
statistical significance (p = 0.3584; RR: 3.08; 95% CI: 0.33-28.31).

Table 3. Association between RISQ-PATH risk classification and clinical outcomes.

RISQ-PATH Classification

Variable Low Risk High Risk
n (%)t n (%)t p-value* RR (95%CI)
38 (49.4) 39 (50.6)
Shockable initial 3.0789
7. 1(2. .3584
rhythm 3(789) (2:56) 0358 [0.3348 - 28.3115]
ROSC achieved 23 (60.53) 20 (51.28) 0.4936 1.1803
' ’ ' [0.7916 - 1.7597]
. . 2.2105
Hospital discharge? 12 (63.16) 4 (28.57) 0.0799

[0.9018 - 5.4187]
Abbreviations: RR: Relative Risk; CI: Confidence Interval; ROSC: Return of Spontaneous Circulation. t

Percentages calculated within each RISQ-PATH risk group. 1 Calculated only for patients who achieved ROSC

and remained hospitalized.
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The ROSC rate was 60.53% in the low-risk group and 51.28% in the high-risk group (p = 0.4936;
RR: 1.18; 95% CI: 0.79-1.76), suggesting a non-significant trend toward better outcomes in patients
with lower QTc prolongation risk scores.

Notably, when stratifying by initial cardiac rhythm, 23 out of 35 patients (65.7%) in the low-risk
group with non-shockable rhythms achieved ROSC, compared to 20 out of 38 (52.6%) in the high-risk
group. Although this was not the primary purpose of applying the RISQ-PATH tool, this finding may
reflect a clinically meaningful difference in physiological resilience or comorbidity burden —even
among patients presenting with non-shockable rhythms.

As shown in Table 3, only 4 patients presented with shockable rhythms (VT/VF), consistent with
the detailed breakdown presented in Table 4, where asystole was the predominant initial rhythm in
76.6% of cases.

Regarding hospital discharge among patients who achieved ROSC and remained hospitalized,
more favorable outcomes were observed in the low-risk group (63.16%) compared to the high-risk
group (28.57%) (p = 0.0799; RR: 2.21; 95% CI: 0.90-5.42). While not statistically significant, this trend
suggests a potential association that may reach significance in studies with larger sample sizes.

3.4. Association Between IHCA-ROSC and Clinical Outcomes

As summarized in Table 4, most patients included in the study presented with unfavorable
clinical conditions that, according to the IHCA-ROSC model, are associated with a low likelihood of
successful resuscitation. Asystole was the predominant initial rhythm (76.6%), and only 5.2% of
patients presented with a shockable rhythm (ventricular fibrillation or ventricular tachycardia).

Table 4. Clinical characteristics and predictors associated with return of spontaneous circulation (ROSC) in

patients with in-hospital cardiac arrest (IHCA).

ROSC Predictor n (%)
Age, years
<50, n (%) 14 (18.2)
50 - 59, n (%) 11 (14.3)
60 — 69, n (%) 12 (15.6)
70-79,n (%) 17 (22.1)
>80, n (%) 23 (29.9)

Cardiac rhythm at code initiation

Asystole 59 (76.6)
Pulseless electrical activity 14 (18.2)
Ventricular fibrillation 1(1.3)
Ventricular tachycardia 3(3.9)

Hospital location of the event

Emergency department 26 (33.8)
Procedure area 18 (23.4)
Inpatient ward 11 (14.3)

ICU 22 (28.6)
Admission
Urgent admission 49 (63.6)
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Non-urgent admission 28 (36.4)

Functional status
Independent 32 (41.6)
Partially dependent 18 (23.4)
Totally dependent 27(35.1)

Primary diagnosis
Renal failure 3(3.90)
Sepsis 9 (11.7)
Neoplasm 8 (10.4)
Liver failure 8 (10.4)
None 49 (63.6)

Mechanical ventilation prior to code
Use of ventilation 16 (20.8)
Without use of ventilation 61(79.2)

Use of vasopressors prior to code
Use of vasopressors 30 (39.0)

Without use of vasopressors 47(61.0)

IHCA-ROSC Probability

Low probability, n (%) 76 (98.7)
Intermediate probability, n (%) 1(1.30)
High probability, n (%) 0

Regarding the context of the event, 33.8% occurred in the emergency department, 28.6% in the
ICU, 14.3% on inpatient wards, and 23.4% in procedural areas. A high proportion of urgent
admissions was identified (63.6%), along with a considerable level of functional dependence: only
41.6% of patients were functionally independent, while 35.1% were totally dependent. As for primary
diagnoses, the majority of patients had no specific diagnosis documented (63.6%), although 10.4%
had liver failure or neoplasms. In addition, a relevant proportion of patients had received mechanical
ventilation (including both invasive and non-invasive modalities) (20.8%) and vasopressors (39.0%)
prior to the event. Taken together, these clinical characteristics contributed to the low probability of
successful resuscitation predicted by the IHCA-ROSC model.

Regarding age, patients aged 80 years or older represented 29.9% of the cohort, followed by
those aged 70-79 years (22.1%). Older patients showed a significantly lower proportion of ROSC, and
none of them survived to hospital discharge.

Based on these predictors, 98.7% of patients were classified as having a low probability of ROSC
according to the IHCA-ROSC model. As shown in Table 5, the mean predicted probability was 5.53%,
whereas the actual ROSC rate achieved was 55.84%, with an absolute difference of 50.3 percentage
points (p < 0.000001). This finding highlights a marked discrepancy between the predicted and
observed outcomes. While this may suggest a favorable clinical performance by the resuscitation
team, the small sample size and cohort heterogeneity limit the strength of this interpretation and
prevent definitive conclusions.
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Table 5. Comparison between predicted mean probability of ROSC and actual ROSC rate in 77 cases of

cardiopulmonary arrest.

Metric Result p-value
Total number of cases 77
Mean predicted probability of ROSC 5.53%
Actual ROSC rate achieved 55.84%
Difference (actual — predicted) +50.3 percentage points <0.000001

ROSC: Return of Spontaneous Circulation.

3.5. Operational Evaluation of the Code Blue Team

Analysis of the procedures executed by the code blue team revealed overall adherence to
institutional standards for emergency response. In all recorded events (n = 77), the full
multidisciplinary team was present, including medical staff, nursing personnel, pharmacists, and
technical support. Each member performed specific roles, contributing to coordinated and efficient
care.

All audited records contained complete documentation of critical time points: initiation of chest
compressions, drug administration, defibrillation (when applicable), and event resolution. The
responsibility for timing and time tracking was fully assumed by the pharmacy service, which also
recorded drug administration during resuscitation. In addition to these responsibilities, pharmacists
supported pharmacotherapeutic decision-making during the code.

Epinephrine was administered with a median time of 2 minutes from the start of the event and
was used in over 94% of cases across all rhythm types. Among patients with ventricular tachycardia
(VT) or ventricular fibrillation (VF), amiodarone was administered in 55.6%, consistent with its role
as the antiarrhythmic of choice in resuscitation protocols. Lidocaine use was minimal (11.1% in
VT/VEF), reflecting a deliberate clinical decision, as this drug is readily available at all times within the
hospital.

Norepinephrine was used in 41.2% of patients with pulseless electrical activity (PEA) and 38.9%
of those with VI/VEF. Its use was exclusively reserved for the post-ROSC phase as vasopressor
support during post-resuscitation care in the ICU.

Defibrillation was applied promptly in patients with shockable rhythms, and rhythm
identification was performed by trained physicians. Regarding chest compressions, the majority were
performed by patient care assistants (38.04%), followed by nursing staff (34.90%) and general
physicians (10.59%), demonstrating active participation from both technical and professional
personnel in basic life support. All members of the resuscitation team, including leaders and support
personnel, were certified in Basic Life Support (BLS) and Advanced Cardiac Life Support (ACLS),
which ensured a rapid and high-quality response during each event.

Ventilation was primarily managed by respiratory therapists (53.25%), followed by nursing staff
(32.47%) and anesthesia personnel (10.39%), reflecting an appropriate distribution of responsibilities
based on technical competencies. In terms of recording medication administration times,
participation beyond the pharmacist was minimal, with nursing staff (1.30%) and general physicians
(1.30%) assisting in a few cases. A similar pattern was observed in the documentation of chest
compression timing, where nurses were responsible in 5.19% of events, alongside the pharmacist.

Leadership during code events was primarily assumed by physicians from critical care
specialties. Intensive care physicians led 33.77% of the codes, followed by internal medicine (29.87%),
cardiology (11.69%), and surgery (7.79%). Other specialties that led events included general
physicians (5.19%), family and community medicine (2.60%), and with one event each (1.30%),
gynecology, emergency medicine, anesthesia, pediatrics, and nursing. Due to this wide variation in
team leadership and the limited number of cases per specialty, it is not possible to determine which
combination of team composition is most effective in achieving favorable outcomes.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202508.1477.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 20 August 2025 doi:10.20944/preprints202508.1477.v1

11 of 17

Intravenous (IV) access was the primary route used in 98.7% of cases (n = 76), establishing it as
the preferred method for medication and fluid administration. Intraosseous (I10) access was used in
only one case (1.3%), reserved for situations where venous access could not be achieved in a timely
manner. Advanced airway management via orotracheal intubation was performed in 32.47% of
patients (n=25). In the remaining 63.64% (n =49), this intubation procedure was not performed, likely
due to rapid ROSC, poor prognosis upon arrival of the team, or because adequate ventilation was
achieved with the use of a bag-valve-mask without the need for intubation.

4. Discussion
4.1. Clinical Outcomes Observed vs. International Literature

Of the 77 patients who experienced cardiopulmonary arrest, 51 died —this figure includes both
deaths during the event and those occurring after ROSC. Therefore, the total mortality in the cohort
was 66.23%, which aligns with reported in-hospital mortality rates ranging from 68% to 76% in the
literature [13,19].

The Charlson Comorbidity Index (CCI), used to assess patients” comorbidity burden, revealed
that the most prevalent conditions were renal disease, myocardial infarction, diabetes with end-organ
damage, and non-metastatic tumors. These findings are consistent with previous studies that have
shown cardiovascular and renal comorbidities to be significant predictors of mortality and ROSC in
in-hospital cardiac arrest [20-22].

Regarding the relationship between CCI and clinical outcomes, our results did not show
statistically significant differences in ROSC rates between low and high comorbidity groups, which
could suggest that the CCI does not always accurately reflect a patient’s likelihood of successful
resuscitation. However, studies such as that by Piscator et al. demonstrated that patients with
moderate and high CCI scores had a markedly reduced probability of survival compared to those
with a low CCI [14].

The CCI remains a valuable prognostic indicator, although some studies suggest that its ability
to predict post-ROSC outcomes may be limited when compared to other factors such as immediate
response during the event and early intervention. Evidence indicates that the CCI’s predictive value
is more relevant in the short term, serving as a guide for decision-making during resuscitation [14].

Overall, analysis of the CCI in our cohort shows that, despite similar ROSC rates between low
and high comorbidity groups, significant differences were observed in hospital discharge outcomes.
This underscores the importance of considering a patient's comorbidity profile not only to predict the
immediate success of a code blue but also to guide optimal post-resuscitation care and long-term
recovery planning. These considerations are well complemented by using an age-adjusted version of
the CCI (ACCI), which has been significantly associated with 30-day survival and supports its
prognostic value in early outcomes and clinical decision-making post-resuscitation [14].

In the analysis of the RISQ-PATH model data, no statistically significant differences were found
between low- and high-risk patients in terms of likelihood of presenting with a shockable initial
rhythm, achieving ROSC, or being discharged from the hospital. This suggests that in this cohort, the
presence of risk factors associated with QTc prolongation did not correlate directly with the
emergence of malignant arrhythmias such as Torsades de Pointes (TdP), nor with increased risk of
sudden cardiac death [23].

Moreover, current scientific evidence supports the usefulness of applying this score in
hospitalized patients, as it has demonstrated high sensitivity (87-88%) and moderate specificity (44—
46%) for detecting a QTc interval > 450 ms in men or > 470 ms in women, and particularly > 500 ms,
which is considered high-risk, on baseline ECG. Its integration into clinical decision support systems
(CDSS) in various hospital settings is critical for reducing unnecessary alerts and minimizing the
incidence of reported adverse events in hospitalized patients [23].
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4.2. Performance higher than estimated by the IHCA-ROSC models

According to the IHCA-ROSC results, 98.7% of patients at Clinica Biblica were classified as
having a low probability of achieving ROSC. Nevertheless, 55.86% of patients successfully achieved
ROSC. These findings indicate that code blue management at Clinica Biblica is both comprehensive
and effective, with the interdisciplinary team attaining ROSC rates notably higher than those
predicted by validated models based on scoring systems.

However, when compared to the literature, some differences emerge —particularly related to
patient populations and the models employed. For instance, Chan and Tang (2020), analyzing 82,279
cases from the Get With The Guidelines—Resuscitation (GWTG-R) registry, reported a ROSC rate of
71.9%. In our study, the observed rate was 55.86%, and this discrepancy may be attributed to several
factors: differences in patient demographics and comorbidity profiles, variations in care protocols
and team response times, resource availability (equipment and personnel), the time period analyzed
(e.g., the influence of the pandemic), and potential data capture biases [10].

Nevertheless, achieving ROSC does not guarantee survival, as patients may develop post-
cardiac arrest complications such as anoxic brain injury, myocardial dysfunction, ischemia-
reperfusion-induced systemic inflammatory response, multi-organ failure, and metabolic or
electrolyte imbalances. These conditions may result in the development of post-cardiac arrest
syndrome (PCAS), one of the most severe complications in this patient population [24].

Consequently, patients who achieve ROSC often face low chances of hospital discharge. In our
dataset, only 33% of all patients survived to hospital discharge following a code blue. This figure is
higher than global averages—particularly in countries such as the United States, where overall
survival-to-discharge rates after in-hospital cardiac arrest (IHCA) range from 17% to 22.3% [10,25].

4.3. Operational Evaluation of the Resuscitation Team

From an operational perspective, the data reported in this study show that the resuscitation team
functioned in a structured and interdisciplinary manner in 100% of the observed events. During these
code blue activations, pharmacists were responsible for time tracking and ensuring the traceability
of medication administration. Physicians—particularly those from critical care specialties—led the
event, identified cardiac rhythms, and made decisions regarding medication administration. Nurses
were actively involved in chest compressions and drug delivery, while patient care assistants
performed compressions. Respiratory therapists led ventilation efforts, supported by nursing staff
and anesthesiology personnel.

This in-hospital approach aligns with the International Standards for Hospital Emergency
Medical Management Guidelines, which clearly define the key roles of each team member.
Specifically, the guidelines emphasize that the physician should lead the team and make clinical
decisions; nurses are responsible for continuously monitoring vital signs and administering non-
pharmacological treatments while supporting medical procedures under physician supervision.
Pharmacists contribute with pharmacotherapy recommendations, ensuring correct dosing and
administration of medications during resuscitation. Finally, other team members, such as technicians
and support personnel, play a critical role in procedures such as defibrillation and compressions
during the event [26].

4.4. Medication Use Profile During Code Blue Events

Epinephrine was the most frequently used drug, with a mean administration time of 2 minutes
from the onset of the event. Lidocaine was used only marginally, and norepinephrine was initiated
exclusively after return of spontaneous circulation (ROSC) had been achieved. These findings differ
slightly from standard resuscitation protocols, which recommend administering epinephrine every
3-5 minutes for both shockable and non-shockable rhythms. This variation may indicate an
opportunity to improve adherence to guidelines; however, it may also reflect the immediate clinical
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judgment required in each situation, in which epinephrine was deemed the most appropriate
medication during the critical moments of the event [27].

4.5. Additional Improvements to the Code Blue Protocol

A potential improvement following code blue events involves obtaining a laboratory panel that
includes arterial blood gas analysis to assess acid-base balance and oxygenation; serum electrolytes
(Na*, K*, Ca%, and Mg?") and glucose, to rule out imbalances that could trigger arrhythmias or
hypoglycemia; and lactate, as a marker of tissue perfusion and resuscitation effectiveness. In
addition, measuring troponins and natriuretic peptides (BNP or NT-proBNP) helps quantify
myocardial injury and guide differential diagnoses such as acute coronary syndrome or endocarditis,
while a toxicology panel supports the detection of recreational drugs or medications with
proarrhythmic or respiratory depressant potential [27,28].

The early integration of these parameters —especially pH and lactate—not only supports the
correction of reversible causes but also enables the accurate application of prognostic scores such as
NULL-PLEASE, rCAST, MIRACLE,, CAHP, and TOMAHAWK Risk Score, thereby enhancing the
prediction of both in-hospital and out-of-hospital survival, as well as neurological prognosis [29-33].

In relation to data collection, the consistent presence of a clinical pharmacist during code blue
events is also of critical importance. Studies have shown pharmacist involvement in up to 69.7% of
hospitals in the United States during such events (34). Throughout the entire event, the pharmacist
contributes to data collection, preparation and administration of medications, compatibility
evaluation, and optimal dosing recommendations. They also advise the team on correct drug usage
and provide key information for real-time adjustments. This comprehensive approach enhances
patient safety, helps reduce mortality, and improves the efficiency of hospital resources [34,35].

Moreover, in the post-cardiac arrest setting, therapeutic hypothermia has been shown to provide
not only neurological protection but also reduced mortality in patients with an initial shockable
rhythm. However, both AHA and European guidelines agree that the current evidence is not yet
robust enough to support routine use. Therefore, its application should be assessed on a case-by-case
basis, weighing the clinical profile and individual circumstances of each patient [36].

4.6. Study Limitations

This study presents several limitations that should be acknowledged. First, its retrospective
design exposes the analysis to underreporting and information bias, which may compromise the
accuracy of the findings. Second, the sample size was small and the patient population was
heterogeneous in terms of age, comorbidities, and arrest severity, limiting the external validity and
comparability of the results.

Moreover, due to the limited number of code blue cases analyzed and the variability in team
composition, it is not possible to draw definitive conclusions about the clinical performance of the
resuscitation team or to confirm that outcomes were substantially better than those predicted by
prognostic models.

Additionally, the quality of resuscitation maneuvers and the number of CPR cycles administered
were not quantified —factors that are critical to protocol success and whose absence hinders the
accurate interpretation of intervention effectiveness.

Furthermore, the lack of key data such as height, weight, lactate levels, and arterial blood gases
prevented the evaluation of important risk variables (e.g., obesity and acidosis) and precluded the
use of complementary prognostic scores. The study also had limited geographic coverage within
Latin America, which constrains the generalizability of the findings to the broader region.

Finally, in the Kaplan-Meier survival analysis, transferred patients were treated as censored
data due to the absence of post-transfer follow-up information; this methodological decision was
made to more accurately reflect observed in-hospital survival.

Taken together, these data gaps and methodological limitations underscore the need for future
prospective, multicenter studies that incorporate standardized resuscitation protocols and systematic
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collection of clinical and laboratory variables in order to generate more robust and generalizable
evidence.

5. Conclusions

In this analysis of code blue events, the most frequent comorbidities were renal disease,
myocardial infarction, diabetes with end-organ damage, and non-metastatic neoplasms. A higher
comorbidity burden was associated with an increased incidence of post-resuscitation complications.
Stratification using the RISQ-PATH score did not reveal significant differences between low- and
high-risk patients in terms of shockable rhythms, ROSC achievement, or hospital discharge.

At Hospital Clinica Biblica, a ROSC rate of 55.86% and a hospital discharge rate of 21% were
achieved, with structured adherence to the multidisciplinary protocol in 100% of events and earlier
administration of epinephrine compared to what is typically reported in the literature. Finally, we
identified opportunities for improvement in the immediate post-event collection of laboratory tests,
the expansion of clinical pharmacist-led data documentation, and the systematic implementation of
therapeutic hypothermia in patients presenting with shockable rhythms.
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The following abbreviations are used in this manuscript:

ACCI Age-Combined Charlson Comorbidity Index
AHA American Heart Association

BNP Brain Natriuretic Peptide

CAHP Cardiac Arrest Hospital Prognosis
CCI Charlson Comorbidity Index
CDSS Clinical Decision Support Systems
CI Confidence Interval

CPR Cardiopulmonary Resuscitation
ECG Electrocardiogram

ICU Intensive Care Unit

IHCA In-Hospital Cardiac Arrest
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IHCA-ROSC In-Hospital Cardiac Arrest Return of Spontaneous Circulation Score
10 Intraosseous

v Intravenous

JCI Joint Commission International
PCAS Post-Cardiac Arrest Syndrome
QTc Corrected QT Interval
RISQ-PATH Risk Score for QTc Prolongation
ROSC Return of Spontaneous Circulation
TdP Torsades de Pointes

VF Ventricular Fibrillation

VT Ventricular Tachycardia
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