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Purpose: The Ramathibodi Rapid Response System (RRRS), implemented in March 2017, aims to identify and respond to patients
with deteriorating conditions outside the ICU. It employs the Ramathibodi early warning score and clinical signs to monitor all
admitted patients, providing expert physician monitoring and early treatment for stabilization and appropriate care triage. This study
assesses the RRRS’s effectiveness in reducing in-hospital mortality and CPR events outside the ICU.

Patients and Methods: We conducted a retrospective observational study from March 2014 to February 2020 in a tertiary care
hospital’s general wards. We included adult patients experiencing unplanned ICU admission, sudden cardiac arrest, or unexpected
death. The study compared in-hospital mortality and CPR incidence outside the ICU between pre- and post-RRRS implementation
groups. The associations between RRRS implementation and in-hospital mortality and the incidence of CPR outside the ICU were
assessed using multiple logistic regression analyses.

Results: We evaluated 17,741 admissions, with 9168 before RRRS implementation (1 March 2014 to 28 February 2017) and 8573 after RRRS
implementation (1 March 2017 to 29 February 2020). The implementation of RRRS was associated with a significant reduction in in-hospital
mortality, which decreased from 30.0% to 20.8% (odds ratio, 0.62; 95% confidence interval [CI], 0.57 to 0.66; P<0.0001). Even after adjusting
for age, sex, and comorbidities, the reduction in in-hospital mortality remained significant (adjusted odds ratio, 0.58; 95% CI, 0.54 to 0.63;
P<0.0001). The incidence of CPR outside the ICU also decreased from 1.8% to 1.1% (adjusted odds ratio, 0.6; 95% CI, 0.46 to 0.77; P<0.0001).
Additionally, the rate of ICU transfer increased from 85.4% to 92.1% (risk difference, 6.7; 95% CI, 7.6 to 5.8; P<0.0001) after implementing the
RRRS.

Conclusion: Implementing the RRRS is associated with a reduction in in-hospital mortality and the incidence of CPR outside the ICU.

Keywords: rapid response system, rapid response team, deteriorating patient, in-hospital mortality, cardiopulmonary resuscitation,
intensive care unit, implementation protocol

Introduction

The rapid response system (RRS) was first described in the 1990s as a strategy to detect and respond to deteriorating patients
outside the intensive care unit (ICU)." In the general ward, patients may deteriorate to the point of unplanned ICU admission,
sudden cardiac arrest, or unexpected death. Half of the serious adverse events are thought to be preventable.” Conceptually, the
RRS is a safety system involving early warning signs for monitoring deterioration. The rapid response team (RRT) prescribes
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interventions to relieve the trajectory of deterioration and decides to transfer the patients to ICU as early as possible. Early
warning signs and characteristics of the RRT may vary in each healthcare center. Many studies of RRSs have shown benefits in
decreased hospital cardiac arrest and mortality rates.” '

Ramathibodi is a hospital capable of super tertiary care and a medical school campus, and it has at least 5000 outpatient visits
each day and 1300 beds for tertiary medical care. Several months before protocol implementation, various assessment scores,
such as the national early warning score, Modified Early Warning Score, and systemic inflammatory response syndrome criteria,
were applied as early warning signs in the general ward of different departments in Ramathibodi Hospital. The lack of uniform
evaluation tools and response systems led to different responses of healthcare workers to the patient’s deterioration that could
alter the patient’s outcome. Moreover, patients’ morbidities also depend on each physician’s clinical judgment, which may vary
depending on clinical skills. Therefore, the Ramathibodi rapid response systems (RRRS) was created and applied in March 2017
as the standard protocol. This system comprises the Ramathibodi Early Warning Score (REWS) and Ramathibodi Clinical
Warning Signs (RCWS) as tools to monitor all admitted patients.

We performed a retrospective, observational study to assess the efficacy of the RRRS regarding in-hospital mortality,
sudden cardiac arrest outside the ICU, and the rate of ICU transfers in the general ward of Ramathibodi Hospital. The
rapid response team and protocol used standard management for all deteriorating patients.

Materials and Methods

Study Population

The research ethics board committee of Ramathibodi Hospital reviewed and approved this study (COA. MURA2020/
1358). Due to the retrospective and qualitative nature of the study, the ethics committee has waived the requirement of
the informed-consent process. The research involves no more than minimal risk to the subjects. In addition, we confirmed
that the data was anonymized and maintained with confidentiality and compliance with the Declaration of Helsinki.

A retrospective observational study was conducted on adult patients aged older than 15 years. The patients who
developed acute deterioration, namely sudden cardiac arrest outside the ICU (except in the Emergency Department),
unplanned ICU admission, or unexpected death while admitted to the general ward from March 2014 to February 2020 at
Ramathibodi Hospital, Bangkok, Thailand, were included in this study. Patients who required palliative care or changed
to a treatment plan to palliative care when admitted were excluded from this study.

Outcomes

The primary outcome measured the effectiveness of the implementation of RRRS on in-hospital mortality. The secondary
objectives included assessing the impact of the RRRS on the incidence of cardiopulmonary resuscitation (CPR) outside the
Intensive Care Unit (ICU) and the rate of patient transfers to the ICU. The study involved a comparative analysis of in-hospital
mortality, CPR incidents occurring outside the ICU, and the ICU transfer rate between groups before and after the implementa-
tion of the RRRS.

Definitions
In-hospital mortality was defined as the rate of all adult patients who died while they were in the hospital, except for
those who were recognized as having palliative care.

The incidence of CPR outside the ICU was defined as the rate of all adult patients who had sudden cardiac arrest
resulting in the activation of CPR outside the ICU or the semi-ICU. The CPR rate within the ICU was not included
because ICU teams handled cardiopulmonary arrests without activating the code system. Out-of-hospital or CPR within
the Emergency Department was excluded.

The ICU transfer rate was defined as the rate of all adult patients who were transferred from the general ward to the
ICU or semi-ICU ward because of any deteriorating conditions. Patients who were transferred for an interventional

procedure or postoperative monitoring were excluded.
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RRRS

On admission, vital signs, oxygen saturation, and the level of consciousness were used to calculate the REWS (Table 1).
Regarding the REWs, we reached a consensus among the members of the committee from different departments of the hospital
that we modified the early warning score from the previous publication, the standardized early warning(SEW) score, and used the
different cut points from previous publication to define the scores of some parameters, ie, RR and HR (Table 1).® Peterson et al®
reported a significant linear relationship between in-hospital mortality and the admission SEW score. Mortality increased by more
than eight times for a score of >4 compared to 0-3. Then, we used the cut-off value of 4 to define moderate-risk patients (Table 2).

Table | The Ramathibodi Early Warning Score(REWS)

Physiologic Temp (°C) | SBP (mmHg) | HR or PR /min | RR /min | SpO2 (%) AVPU
Parameters

Score 3 <339 <89 <39 <10 <84 Unresponsive
Score 2 34-349 85-89 Responsive to pain
Score | 35-359 90-99 4049 90-92 Responsive to voice
Score 0 36-37.9 100-199 50-99 11-20 =93 Alert

Score | 38-38.9 100-109 21-30

Score 2 2 39 2200 110-129 31-35

Score 3 =130 2 36

Notes: Adapted from a standardized early warning scoring system.
Abbreviations: SBP, systolic blood pressure; HR, heart rate; PR, pulse rate, SpO2, oxygen saturation; RR, respiratory rate; AVPU, A; alert; V;
responding to voice; P; responding to pain; U; unresponsive.

Table 2 The Classification of Patients According to the REWS and Clinical Response

Total Scoring Level of Frequency of Intervention
Severity REWS Monitoring .
Nurse Response Physicians Response
0 No risk q 8 hrs. Routine nursing care Routine round/visit
1-3 Low risk q 4 hrs. |. reevaluation and early Routine round/visit

management as ABCDEF model

4-5 Moderate q 2 hrs. |. reevaluation and early Visit the patient, early management, and
risk management as ABCDEF model treatment within 30 mins.

2. report to the charge nurse
3. report to the physicians

4. close observation and

monitoring
2 6 or any of REWS High risk Continuous |. reevaluation and early Visit the patient, early management, and
parameter score = 3 monitoring of vital management as ABCDEF model treatment within |5 mins.
signs 2. immediately report to the

charge nurse

3. immediately report to the
physicians

4. immediately activate rapid
response team

5. prepare emergency cart and
defibrillator

6. communicate for ICU transfers

Abbreviations: REWS, Ramathibodi Early Warning score; ICU, intensive care unit, ABCDEF, airway, breathing, circulation, disability, exposure and family-centered.
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In high-risk patients, we used the cut-off value of 6 or any parameter score equal to 3 to increase the sensitivity of detection of
patient deterioration.The patients were classified according to the REWS as being at no risk (score: 0), low risk (score: 1-3),
moderate risk (score: 4-5), or high risk (score: >6 or a score of 3 for at least one parameter). If the patients are classified as low risk,
moderate risk and high risk, the nurses increased the frequency of REWS monitoring as shown in Table 2.

When the patient’s condition became critical and life-threatening, the REWS or common and specific RCWS were
used to detect an event and trigger a systematic response. The Common Ramathibodi Clinical Warning Signs (RCWS)
were shown in Table 3 which were modified form The ABCDE (Primary Survey) approach where the acronym
“ABCDEF” represents airway, breathing, circulation, disability, exposure and family-centered. The response provided
closed monitoring and early treatment by expert physicians to rapidly stabilize and triage the patient to a location where
services met the patient’s needs (Table 2 and Table 3). The specific RCWS are clinical syndromes proposed in particular
wards. The head nurse in specific wards provided a regular training course for healthcare workers for early detection of
these syndromes. The nurses also provided specific assessments and management for these syndromes, such as triggering
the sepsis protocol in suspected sepsis patients, evaluating probabilities for deep vein thrombosis, vital signs, and
hemoglobin checking in suspected upper gastrointestinal bleeding, early notifying the physician when the patients met
criteria of pregnancy-induced hypertension and checking fetal surveillance. Furthermore, fast track systems of specific
diseases were activated by this system depending on the particular clinical warning signs (ie, stroke fast track, myocardial
infarction fast track, and sepsis fast track).

Table 3 Common Ramathibodi Clinical Warning Signs (RCWS)

ABCDEF model

Yellow Zone Moderate Symptoms/Acute
Exacerbation

Red Zone Severe Symptoms/Critical
Deterioration

Nursing Intervention

A: Airway + B: Breathing

- Shortness of breath, dyspnea

- Respiratory pattern: apnea, tachypnea,
hyperpnea, Cheyne-stroke

- Accessory muscle used

- Noisy breathing, abnormal breath sound

A: Airway + B: Breathing

- Difficult breathing, distressed, chocking, stridor

- Abdominal paradox, air hunger

- Cyanosis, alternation of consciousness

- Trachea deviation, RR < 10 or = 36, desaturation
- Signs and symptoms of anaphylaxis: rashed flushed
skin, chest discomfort, sudden wheezing,

hypotension, etc.

- Airway opening and patency

- Repositioning depend on symptoms
- Oxygen therapy as order

- Prepared emergency cart, suction,
defibrillator;, LMA

- Non-invasive mechanical ventilator
depending on indication

- Rapid intubation

- Bronchodilator as order

- Re-access airway patency, breathing,
and vital signs after intervention

- Lab: arterial blood gas

C: Circulation

- Pulse: weak pulse, tachycardia, bradycardia
(REWS score = 3)

- Arrhythmia

- Peripheral perfusion: capillary refill < 3
seconds

- Blood pressure: High/low (REWS score = 3)
- Chest pain, sweating, clammy skin

- Decrease urine out put

- Bleeding, fluid losses

- Marked thirst

- Altered mental status

C: Circulation

- Arrhythmia: HR > 50 /mins or < 40 /mins, VT/VF
- Hypertensive emergency

- Shock

- Typical angina pain (go to acute myocardial
infarction fast track)

- qSOFA 2 2 (go to sepsis fast track)

- Massive bleeding, fluid losses

- Altered mental status

- Record vital signs frequently

- Hemodynamic monitoring

- IV access and fluid challenge

- Bedside monitoring ECG from
defibrillator and SpO2

- Treat causes

- Prepared inotropes, vasopressor, anti-
platelets

- Record I/O

(Continued)
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Table 3 (Continued).

ABCDEF model Nursing Intervention
Yellow Zone Moderate Symptoms/Acute | Red Zone Severe Symptoms/Critical
Exacerbation Deterioration
D: Disability, Drug, Diabetes, D: Disability, Drug, Diabetes, Documentation | - Treatment ABC problems
Documentation - Sudden changed AVPU or GSC drop > 3 score - Recovery position (lateral semi-prone
- AVPU or GCS changed worsen - Signs and symptoms of acute stroke (activate position)
- Motor power changed worsen stroke fast track) - Blood glucose test
- Abnormal papillary reaction - Review drug chart
- Abnormal blood sugar - Check for any history (documentation)
E: Exposure - Remove clothes to enable examination
- Signs of trauma, bleeding, skin reaction - Check all: surface, orifice, extremity,
(rashed) and cavity
- Expose skin - Avoid excessive heat loss
- Abnormal temperature - Maintain dignity
- Hazardous/chemotherapy exposure - Spill kit management
- Treat the suspected cause
F: Family-centered - Access family needs
- Anxiety, stress, the anger of family members - Give appropriate information
- Need information: disease, progression, - Family participation
treatment, cost, visit - Family meeting/counseling
- Impaired family function

Abbreviations: RCWS, Ramathibodi Clinical Warning Signs; ABCDEF, airway; breathing; circulation; disability; exposure and family-centered; HR, heart rate; ABC, airway;
breathing; circulation; REWS, Ramathibodi Early Warning score; AVPU, A; alert; V; responding to voice; P; responding to pain; U; unresponsive; GCS, Glasgow coma score;
qSOFA, quick Sepsis Related Organ Failure Assessment; VT, ventricular tachycardia; VF, ventricular fibrillation; ECG, Electrocardiogram; SpO2, arterial oxygen saturation.

Data Collection and Outcome Measurements

The patients’ data were collected from the hospital database by searching the International Classification of Disease
(ICD)-9 and ICD 10. The patients’ data, such as cardiopulmonary resuscitation, mortality, and transfer rate to the ICU,
were extracted using a business intelligence tool (Supplementary File 1). The patients’ characteristics, such as age, sex,

ward admission, comorbidities, principal diagnosis, principal procedure, and length of hospital stay, were collected.
Electronic medical records and CPR record forms were reviewed for all patients with a CPR code to classify the sites
of CPR, namely CPR in the Emergency Department, ICU, or general ward.

Statistical Analyses

Continuous variable data are presented as the mean and standard deviation (SD) for data with a normal distribution or the
median with interquartile range for data without a normal distribution. These data were compared between RRRS groups
using Student’s ¢-test and the Mann—Whitney U-test. Categorical variable data are shown as frequencies and percentages
and were compared between groups by the chi-square test or Fisher’s exact test as appropriate. We examined the
sensitivity and specificity of REWS for predicting the rate of ICU transfer from the cohort of pre-protocol period.
Logistic regression analysis was employed to demonstrate the probability of unplanned ICU admission and in-hospital
mortality associated with the total REWS at admission. Univariate and multivariable logistic regression analyses were
used to evaluate the correlation between implementing the RRRS and the in-hospital mortality and CPR rates. In the
univariate analysis, age, sex, and factors with P<0.10 were included in the multivariable analysis. P values <0.05 were
considered significant. Statistical analyses were performed with Stata statistical software, version 15 (Stata Corp, LLC,
College Station, TX, USA).
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Results

During the study period, 18,415 events (ie, acute deterioration, sudden cardiac arrest outside the ICU [except in the
Emergency Department], unplanned ICU admission, or unexpected death while admitted to the general ward), were
assessed for eligibility. We excluded 402 patients from the analysis because they received palliative care. Finally, 17,741
events were evaluated, with 9168 events in the pre-RRRS implementation period and 8573 events in the post-RRRS
implementation period (Figure 1). The numbers of primary and secondary outcomes are shown in a Venn diagram in
Figure 2.

Baseline Patients’ Characteristics

Table 4 shows the clinical and demographic characteristics of the patients included in the study. The mean age of the
patients in both groups was 63+17 years. Significant differences in comorbidities, such as cardiac disease, acute
respiratory failure, infection, chronic kidney disease, solid malignancy, diabetes, and hypertension, were observed
between the two groups. However, the percentage of these comorbidities slightly varied in each group.

The data of the total REWS at admission available in 1144 medical patients who hospitalized during the pre-protocol
period. We analyzed the performance of the total REWS at admission among those patients. Of 1144 cases, 55 patients
(4.8%) were transferred to ICU, and only three underwent CPR outside the ICU during admission. Forty patients (3.49%)
had a total REWS between 4-5, while nine patients (0.79%) had a total REWS score of >6 at admission. Our findings

18,415 events were assessed for eligibility

684 admissions were excluded

- 402 admitted for palliative care

- 81 admitted before March 2014
- 201 admitted after February 2020

17,741 events included in analysis

9,168 events occurred during 8,573 events occurred during
1 March 2014 to 28 February 2017 1 March 2017 to 28 February 2020
(Pre-protocol group) (Post-protocol group)
In hospital death: 2,748 patients In hospital death: 1,787 patients
Performed CPR outside ICU: 167 events Performed CPR outside ICU: 96 events
Transferred to ICU: 7,832 events Transferred to ICU: 7,897 events

Figure | Study population.

@ Transfer to ICU/Semi-ICU

2,533

@ 'n-hospital mortality

@ cPRoutside ICU
102

Figure 2 Venn diagram of study outcomes shows the classification of the study population as the proportion of primary and secondary outcomes.
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Table 4 Baseline Characteristics of Patients Who Developed Acute Deterioration Namely Sudden Cardiac Arrest Outside ICU,
Unplanned ICU Admission, or Unexpected Death While Admitted in the General Ward

Baseline Characteristics Pre-RRRS group Post-RRRS group p-value Difference (Post-Pre)
(95% ClI)
Number of admissions 9168 8573
Age (years) 63£17, min 15, max 104 | 6317, min 15, max 101 0.11 0.4 (—0.1, 0.9)
Sex 0.0066 -2 (-0.6, —-3.5)
Female 4392 (48) 4282 (50)
Male 4776 (52) 4291 (50)
Hospital length of stay (days) Mean (SD): 19 (32) Mean (SD): 18 (28) <0.0001 —1.4 (-0.5, -2.3)
Comorbidity
Cardiac disease 2164 (24) 2212 (26) 0.0007 2.2 (3.5, 09)
Arrhythmia 1304 (14) 1395 (16) 0.0001 2.0 (0.9, 3.1)
IHD 973 (I1) 1021 (12) 0.0063 1.3 (04,22)
Heart failure 464 (5) 352 (4) 0.0024 -1.0 (-1.7, -0.3)
Chronic respiratory insufficiency 535 (6) 481 (6) 0.52 -0.2 (-0.9, 0.5)
COPD 391 (4) 333 (4) 0.20 —0.4 (1.0, 0.2)
Asthma 147 (2) 156 (2) 0.27 0.2 (0.2, 1.5)
Acute respiratory failure/ARDs 797 (9) 641 (7) 0.0030 —1.2 (2.0, —0.4)
Respiratory failure 709 (8) 556 (6) 0.0012 -1.2 (2.0, -0.5)
ARDS 121 (1) 109 (1) 0.78 —0.05 (0.4, 0.3)
Neurovascular disease/Alzheimer/Dementia 364 (4) 325 (4) 0.54 —0.2 (-0.7, 0.4)
Stroke 257 (3) 190 (2) 0.0127 —0.6 (1.0, —0.1)
Alzheimer/Dementia 110 (1) 140 (2) 0.0144 0.4 (0.08, 0.8)
Infection 1942 (21) 1509 (18) <0.0001 -3.6 (-4.7, -2.4)
Sepsis 1122 (12) 841 (10) <0.0001 —24 (-3.3,-1.5)
LRTI 753 (8) 588 (7) 0.0006 —1.4 (-2.1,-0.6)
uTl 722 (8) 580 (7) 0.0046 -1 (-1.9,-0.3)
HIV infection 48 (1) 52 (1) 0.46 0.08 (—0.1, 0.3)
Chronic kidney disease/ESRD 1518 (17) 1574 (18) 0.0016 1.8 (0.7, 2.9)
CKD 1331 (I5) 1383 (16) 0.0028 1.6 (0.6, 2.7)
ESRD 585 (6) 673 (8) 0.0001 1.5 (0.7, 22)
Cirrhosis 246 (3) 232 (3) 0.92 0.02 (—0.5, 0.5)
Solid malignancy 1580 (17) 1297 (15) 0.0001 -2.1 (-32,-1.0)
Hematologic malignancy 73 (1) 52 (1) 0.13 —0.2 (—0.4, 0.06)
DM 2127 (23) 2261 (26) <0.0001 32 (1.9, 44)
(Continued)
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Table 4 (Continued).

Baseline Characteristics Pre-RRRS group Post-RRRS group p-value Difference (Post-Pre)
(95% ClI)

HT 3918 (43) 4078 (48) <0.0001 4.8 (34, 6.3)

Others
Acute PE 136 (1) 156 (2) 0.0786 0.3 (-0.04, 0.7)
Pneumothorax 71 (1) 51 (1) 0.15 —0.2 (0.4, 0.06)
Cardiac tamponade 43 (0.5) 42 (0.5) 0.84 0.02 (0.2, 0.2)
Anaphylaxis I (0.01) I (0.01) 0.96 0 (-0.03, 0.03)
Autoimmune disease 91 (I) 98 (1) 0.33 0.02 (—0.15, 0.4)

Notes: Data are presented as meantSD or median (IQR: QI — Q3) for continuous measures and n (%) for categorical measures.

Abbreviations: ICU, intensive care unit; RRRS, Ramathibodi rapid response system; IHD, ischemic heart disease; COPD, chronic obstructive airway disease; ARDS, acute
respiratory distress syndrome; LRTI, lower respiratory tract infection; UTI, urinary tract infection; CKD, chronic kidney disease; ESRD, end-stage renal disease; DM, diabetes
mellitus; HT, hypertension; PE, pulmonary embolism; SD, standard deviation; IQR, interquartile range.

indicate that a total REWS >3 and/or any parameter score equal to 3 yielded a sensitivity and specificity of 40.0% and
91.8%, respectively, for predicting unplanned ICU admission. In the logistic regression analysis, the total REWS at
admission is correlated with an increased rate of ICU transfer and in-hospital mortality (odds ratio 1.83; 95% confidence
interval [CI] 1.56-2.14 and odds ratio 1.67; 95% CI 1.36-2.04, respectively). The likelihood of ICU transfer and in-
hospital death escalated with the increasing total REWS at admission (Supplementary Figures 1 and 2).

The Impact of the RRRS on in-Hospital Mortality, the Incidence of CPR Outside the
ICU and, the Rate of ICU Transfer

During the study period, in-hospital mortality in deteriorating patients significantly decreased from 30.0% (n=2748) before
implementing the RRRS to 20.8% (n=1787) after implementing the RRRS (odds ratio, 0.62; 95% CI, 0.57 to 0.66; P<0.0001)
(Table 5). In the multivariate analysis, the reduction in in-hospital mortality remained significant after adjusting for age, sex,

Table 5 Patient’s Outcomes in Pre-RRRS Implementation and Post-RRRS Implementation Group

Characteristics Pre-RRRS | Post-RRRS | p-value | Difference (Post-Pre)
group group (95% CI)
Number of admissions 9168 8573
In-hospital mortality <0.0001
Dead 2748 (30.0) | 1787 (20.8) —9.1 (-7.9, —10.4)
Survive 6420 (70.0) | 6786 (79.2)
CPR outside ICU <0.0001
Yes 167 (1.8) 96 (1.1) —0.7 (0.3, —L.1)
No 9001 (98.2) | 8477 (98.9)
CPR total <0.0001
Yes 543 (5.9) 355 (4.1) -1.8 (—I.1, —24)
No 8625 (94.1) | 8218 (95.9)

(Continued)
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Table 5 (Continued).

Characteristics Pre-RRRS | Post-RRRS | p-value | Difference (Post-Pre)
group group (95% CI)
Admit from ward to ICU/Semi-ICU <0.0001
Yes 7832 (85.4) | 7897 (92.1) 6.7 (7.6, 5.8)
No 1336 (14.6) | 676 (7.9)

Note: Data are presented as n (%).

Abbreviations: ICU, intensive care unit; RRRS, Ramathibodi rapid response system; CPR, Cardiopulmonary resuscitation; Cl, con-

fidence interval.

and comorbidities (adjusted odds ratio, 0.58; 95% CI, 0.54 to 0.63; P<0.0001) (Table 6). In-hospital deaths per 1000
admissions tended to be decreased after RRRS implementation compared with those before RRRS implementation (Figure 3).

Table 7 shows the effect of RRRS implementation on the incidence of CPR outside the ICU by logistic regression analysis.
The incidence of CPR outside the ICU significantly decreased from 1.8% (167 events) before RRRS implementation to 1.1%
(96 events) after RRRS implementation (odds ratio, 0.61; 95% CI, 0.47 to 0.79; P<0.0001). This incidence remained

Table 6 The Impact of RRRS Implementation on in-Hospital Mortality (Logistic Regression

Analysis)
Characteristics Univariable Analysis Multivariable Analysis*
Odds Ratio p-value | Adjusted Odds p-value
(95% CI) Ratio (95% CI)

Group

Pre-RRRS Reference Reference

Post-RRRS 0.62 (0.57, 0.66) <0.0001 | 0.58 (0.54, 0.63) <0.0001
Sex

Female Reference Reference

Male 1.03 (0.97, 1.10) 0.35 1.04 (0.96, 1.12) 0.34
Age (years) 1.03 (1.02, 1.03) <0.0001 | 1.02 (1.02, 1.02) <0.0001
Cardiac disease 2.08 (1.94, 2.24) <0.0001 | 1.32 (1.20, 1.45) <0.0001
Acute respiratory failure/ARDS | 8.46 (7.51, 9.53) <0.0001 | 3.69 (3.22, 4.22) <0.0001
Stroke 3.54 (2.93, 4.28) <0.0001 | 2.76 (2.22, 3.44) <0.0001
Alzheimer dementia 2.44 (1.90, 3.13) <0.0001 | 1.24 (0.92, 1.66) 0.16
Infection 6.99 (6.45, 7.57) <0.0001 | 4.18 (3.81, 4.59) <0.0001
Chronic kidney disease/ESRD 2.47 (2.28, 2.68) <0.0001 | 1.74 (1.57, 1.93) <0.0001
Solid malignancy 4.02 (3.70, 4.37) <0.0001 | 4.34 (3.95, 4.77) <0.0001
DM 1.31 (1.22, 1.42) <0.0001 | 0.95 (0.86, 1.04) 0.25
HT 0.96 (0.89, 1.03) 0.21
Acute PE 2.21 (1.75, 2.80) <0.0001 | 1.26 (0.95, 1.67) 0.10

Notes: *Age, sex, and factors with p<0.10 in the univariable model were included in the multivariable model.
Abbreviations: RRRS, Ramathibodi rapid response system; Cl, confidence interval; ARDS, acute respiratory distress
syndrome; ESRD, end-stage renal disease; DM, diabetes mellitus; HT, hypertension; PE, pulmonary embolism.
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Figure 3 In-hospital mortality rate per 1000 admissions before and after Ramathibodi rapid response system (RRRS) implementation. The dashed line represents the start

date of RRRS implementation. The pre-protocol period was from | March 2014 to 28 February 2017. The post-protocol period was from | March 2017 to
29 February 2020.

significant after adjusting for age, sex, and comorbidities (adjusted odds ratio, 0.6; 95% CI, 0.46 to 0.77; P<0.0001). The
events of CPR outside the ICU per 1000 admissions decreased from 0.2 before RRRS implementation to 0.1 after RRRS
implementation (Figure 4).

Table 7 The Impact of RRRS Implementation on the Incidence of CPR Outside ICU (Logistic
Regression Analysis)

Characteristics Univariable Analysis Multivariable Analysis*
Odds Ratio p-value | Adjusted Odds Ratio | p-value
(95% CI) (95% CI)
Group
Pre-RRRS Reference Reference
Post-RRRS 0.61 (0.47,0.79) | 0.0001 0.60 (0.46, 0.77) <0.0001
Sex
Female Reference Reference
Male 1.32 (1.03, 1.68) | 0.0029 1.33 (1.03, 1.71) 0.0264
Age (years) 1.02 (1.02, 1.03) | <0.0001 | 1.01 (1.00, 1.02) 0.0037
Cardiac disease 3.19 (2.50, 4.07) | <0.0001 | 2.16 (1.65, 2.84) <0.0001
Acute respiratory failure/ARDS | 2.19 (1.57, 3.06) | <0.0001 | 1.00 (0.69, 1.43) 0.98
Stroke 2.39 (1.57, 3.06) | <0.0001 | .55 (0.90, 2.66) 0.11
(Continued)
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Table 7 (Continued).

Characteristics Univariable Analysis Multivariable Analysis*
Odds Ratio p-value | Adjusted Odds Ratio | p-value
(95% CI) (95% CI)
Alzheimer dementia 1.65 (0.73, 3.74) | 0.23
Infection 3.40 (2.66, 4.35) | <0.0001 | 2.34 (1.77, 3.08) <0.0001
Chronic kidney disease/ESRD 2.64 (2.04, 3.41) | <0.0001 | 1.58 (1.18, 2.10) 0.0018
Solid malignancy 1.25 (0.92, 1.70) | O.16
DM 1.41 (1.09, 1.83) | 0.0101 0.96 (0.72, 1.26) 0.76
HT 1.19 (0.94, 1.52) | 0.15
Acute PE 3.48 (2.00, 6.04) | <0.0001 | 3.27 (1.86, 5.76) <0.0001

Notes: *Age, sex, and factors with p<0.10 in the univariable model were included in the multivariable model.
Abbreviations: RRRS, Ramathibodi rapid response system; Cl, confidence interval; ARDS, acute respiratory distress
syndrome; ESRD, end-stage renal disease; DM, diabetes mellitus; HT, hypertension; PE, pulmonary embolism.

The rate of in-hospital mortality and the incidence of CPR outside the ICU were decreased after RRRS implementation
compared with before RRRS implementation. Additionally, the rate of transfer from the ward to the ICU or semi-ICU
increased from 85.4% (7832 events) before RRRS implementation to 92.1% (7897 events) after RRRS implementation
(Table 5). The trend of ICU/semi-ICU transfer is shown in Figure 5.

Discussion

In this study, the RRRS triggered by the REWS and RCWS resulted in a lower death rate and incidence of cardiac arrest
outside the ICU. The reduction in in-hospital mortality and incidence of cardiac arrest outside the ICU remained
significant after adjusting for age, sex, and comorbidities between the pre- and post-implementation RRRS in the
multivariable analysis. Our results are consistent with a previous, randomized, well-designed study on the effects of
the RRS on the outcome of in-hospital patients.” The authors of this previous study conducted a stepped wedge design

0.8

Pre RRRS Post RRRS

=e¢=CPR total
CPR outside ICU

0.7

Events
per 1000 admissions
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o
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0.1 0.1 0.1
0.1
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Figure 4 Annual CPR total and CPR events outside the intensive care unit (ICU) per 1000 admissions before and after Ramathibodi rapid response system (RRRS)
implementation. The pre-protocol period was from | March 2014 to 28 February 2017. The post-protocol period was from | March 2017 to 29 February 2020. The dashed
line represents the start date of RRRS implementation.

Therapeutics and Clinical Risk Management 2023:19 hetps: 1035

Dove:


https://www.dovepress.com
https://www.dovepress.com

Kwantong et al Dove

1"

Pre RRRS Post RRRS

-
o

9.8
9.6

9.2

8.6
8.4

Transfer to ICU /semi-ICU rate
per 1000 admissions
©

8 7.9

MAR14-FEB15 MAR15-FEB16 MAR16-FEB17 MAR17-FEB18 MAR18- FEB19 MAR19-FEB20
Time period

Figure 5 Transfer to the intensive care unit (ICU) /semi-ICU rate per 1000 admissions before and after implementing the Ramathibodi rapid response system. The pre-
protocol period was from | March 2014 to 28 February 2017. The post-protocol period was from | March 2017 to 29 February 2020.

that included 7450 patients. The RRS and critical care outreach service implementation resulted in lower in-hospital
mortality, with an odds ratio of 0.52 (95% CI, 0.32 to 0.85).

Many studies of rapid response systems have shown benefits of decreased hospital cardiac arrest and mortality rates.>
However, the MERIT trial, which randomized 23 Australian hospitals to implement RRS or use usual care did not show an
improvement in the composite endpoint consisting of an unexpected death, unplanned ICU admission, or cardiac arrest after
RRS implementation.'” In contrast to our study, the MERIT trial conducted a 6-month study period for implementing RRS
that may have been too short for optimal functioning of the protocol.

In 2015, we performed a pilot study regarding implementing the rapid response system in the internal medicine ward.
We reported that in patients at moderate risk, in-hospital mortality and ICU transfer percentage were lower in the
protocol group than in the pre-protocol group.!' Then we started to organize setting the protocol and plan to implement
the protocol in the whole hospital.

Before RRRS implementation, the Ramathibodi rapid response committee expected that REWS and RCWS monitor-
ing tools would detect deteriorating patients at an early stage. Nevertheless, the low sensitivity of the early warning score
had been criticized previously,'*'? as observed in our study that a total REWS >3 and/or any parameter score equal to 3
yielded a sensitivity and specificity of 40.0% and 91.8%, respectively, for predicting unplanned ICU admission.
However, in our study, we were concerned about the low sensitivity of early warning score; therefore, we added the
clinical warning signs in our quality improvement program to increase the sensitivity for recognition and management in
specific urgent conditions.

Concerning the likelihood of ICU transfer and in-hospital mortality derived from the logistic regression equation,
there is a sharp increase in the likelihood of both ICU transfer and in-hospital death when the total REWS increases from
2 to 3 (Supplementary Figures 1 and 2). This observation suggests that the dynamic changes in the total REWS might be

beneficial, warranting further investigation into this issue.

The rapid response teams would then be activated and the patients would be managed early, including intervention
and ICU/semi-ICU transfer following the ABCDEF model in the RCWS. An effective RRRS may increase the rate of
ICU transfer by earlier detection and providing early treatment, as well as by ICU transfer of deteriorating patients. The
outcome of ICU/semi-ICU admission rates increased after RRRS implementation in our study. This result also supports

our findings of lower in-hospital mortality and cardiac arrest rates outside the ICU with improved clinical outcomes.
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Furthermore, these findings suggest that healthcare workers had good compliance with the RRRS protocol. However, this
positive outcome may interfere with confounders, such as new treatment guidelines, medication, intervention, or another
medical technology that may be applied in clinical practice over time.

Our findings suggest that implementation of the RRRS with the REWS and RCWS for early identification and RRT
for rapid management was practical and effective for patients at risk for deterioration in the general ward.

Limitations
There are some limitations to our study. First, this was a retrospective, observational study that compared pre- and post-
RRRS implementation groups. Therefore, the baseline characteristics and the severity of patients’ comorbidities may not
be comparable. An incomplete or uncorrected ICD-10 could have affected the study outcomes. The multicenter
randomized controlled trial regarding the implementation of RRRS warrants validation of our results. Second, we only
included patients who developed acute deterioration, namely sudden cardiac arrest outside the ICU, unplanned ICU
admission, or unexpected death while admitted to the general ward. Consequently, not all admitted patients were included
in the univariate and multivariate analyses owing to the difficulty of acquiring large datasets.

Third, adherence to the protocol and patient severity parameters at entry were not assessed. Finally, our center has
a shortage of ICU beds. Therefore, the ICU transfer rate may have been underestimated.

Conclusions

The implementation of the RRRS is associated with a significant reduction in in-hospital mortality and the incidence of
CPR outside the ICU in deteriorating adult patients. This study highlights the importance of using early warning systems
to monitor and respond to deteriorating patients outside the ICU. Our findings underscore the need for validation through
a multicenter randomized controlled trial on RRRS implementation.
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Ramathibodi Clinical Warning Signs; ICD, International Classification of Disease; SD, standard deviation.
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