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Differences in the Clinical Characteristics of Rapid Response 
System Activation in Patients Admitted to Medical or Surgical 
Services

Variability in rapid response system (RRS) characteristics based on the admitted wards is 
unknown. We aimed to compare differences in the clinical characteristics of RRS activation 
between patients admitted to medical versus surgical services. We reviewed patients 
admitted to the hospital who were detected by the RRS from October 2012 to February 
2014 at a tertiary care academic hospital. We compared the triggers for RRS activation, 
interventions performed, and outcomes of the 2 patient groups. The RRS was activated for 
460 patients, and the activation rate was almost 2.3 times higher for surgical services than 
that for medical services (70% vs. 30%). The triggers for RRS activation significantly 
differed between patient groups (P = 0.001). They included abnormal values for the 
respiratory rate (23.2%) and blood gas analysis (20.3%), and low blood pressure (18.8%) 
in the medical group; and low blood pressure (32.0%), low oxygen saturation (20.8%), 
and an abnormal heart rate (17.7%) in the surgical group. Patients were more likely 
classified as do not resuscitate or required intensive care unit admission in the medical 
group compared to those in the surgical group (65.3% vs. 54.7%, P = 0.045). In 
multivariate analysis, whether the patient belongs to medical services was found to be an 
independent predictor of mortality after adjusting for the modified early warning score, 
Charlson comorbidity index, and intervention performed by the RRS team. Our data 
suggest that RRS triggers, interventions, and outcomes greatly differ between patient 
groups. Further research is needed to evaluate the efficacy of an RRS approach tailored to 
specific patient groups.
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INTRODUCTION

The role of intensive care has rapidly expanded over the last 20 
years, and critical care staff is involved in the care of critically ill 
patients within the intensive care unit (ICU) and in general wards, 
and following discharge from the ICU (1). To prevent unexpect-
ed deaths and patient deterioration due to clinical errors, the 
rapid response system (RRS) was proposed to detect acutely 
deteriorating hospitalized patients and to provide timely inter-
ventions for these patients (2). 
 Potential criticisms of RRS are that these systems are labor in-
tensive, and some hospitals may feel that they do not have the 
manpower to staff an RRS (3). However, several studies have 
shown that that these systems are necessary to reduce inpatient 
morbidity and mortality (3-7). Considering patient safety and 
the potential costs associated with unexpected legal problems, 
the use of an RRS will likely extend further in worldwide medi-

cal systems.
 However, no optimal composition for an RRS has been iden-
tified (8). The RRS has a number of different formats and names, 
including rapid response team, medical emergency team, and 
critical care outreach team, depending on its design. The RRS is 
often considered to function as a “moving ICU” because it has 
the ability to manage complex airway issues, establish central 
access, and initiate ICU-level care at patients’ bedside (9,10). 
 Usually ICUs are often separated into medical and surgical 
disciplines because patients admitted to medical versus surgi-
cal services are different (11). Typically, patients admitted to 
medical services are more likely to be older and in a more criti-
cal condition than those admitted to surgical services (12). There-
fore, activated patients in the RRS may present with different 
clinical features and need somewhat different support between 
medical and surgical services.
 Therefore, we aimed to compare differences in the triggers 

ORIGINAL ARTICLE
Emergency & Critical Care Medicine

http://crossmark.crossref.org/dialog/?doi=10.3346/jkms.2017.32.4.688&domain=pdf&date_stamp=2017-02-28


Lee YJ, et al. • Difference of Rapid Response System-based Admission

http://jkms.org  689https://doi.org/10.3346/jkms.2017.32.4.688

and causes for RRS activation, interventions performed, and 
outcomes of patients admitted to medical and surgical services. 
We hypothesized that the triggers, causes for RRS activation, and 
interventions performed following this activation differ based 
on the patient population.

MATERIALS AND METHODS

Study design 
This study was conducted at the Seoul National University Bun-
dang Hospital, a tertiary care academic hospital that admits ap-
proximately 17,000 patients per year. Originally, our hospital has 
906 beds with 2 specific ICUs (medical and surgical), and since 
March 2013, it has been expanded to 1,270 beds. The wards were 
moved to the new building from March 2013 to February 2014. 
The ICU was also expanded to 4 specific ICUs (i.e. medical, sur-
gical, neurologic, and emergency). Annual ICU admissions are 
approximately 6,000 per year.
 The RRS at our hospital was launched in October 2010. It is 
based on the electronic medical record (EMR) screening sys-
tem and has 10 activation criteria (Supplementary Table 1). Pa-
tients deteriorating in general wards detected by RRS monitor-
ing between October 2012 and February 2014 were included in 
this study.
 We reviewed EMRs for the following clinical variables: age, 
sex, ward of admission, the modified early warning score (MEWS), 
triggers and causes of RRS activation, interventions performed 
by the RRS, patient disposition after intervention, the Acute Phys-
iology and Chronic Health Evaluation (APACHE)-II score, the 
Sequential Organ Failure Assessment (SOFA) score, the reason 
for ICU admission, survival rate, and the number of sudden car-
diac arrests during the period.

RRS design 
Initially, the RRS was performed in the wards of general surgery 
and hemato-oncology. It was gradually expanded and all hos-
pital wards have been monitored through our RRS since April 
2013. The EMR-based RRS described in this study is operated 
through a dashboard monitoring system termed the ‘Bundang 
Excellent SMART Touch Board system (BESTBOARD)’ (13). The 
system has 10 types of activation criteria, including direct call 
by a healthcare worker in emergency situations (Supplementa-
ry Table 1). If an abnormal value (based on predefined criteria) 
is recorded in the EMR, this value and patients’ identification 
are displayed as an alert on the dashboard monitor (13). A pri-
mary check is performed by a charge RRS nurse with > 5 years 
of ICU experience. If it is thought that the patient will require 
further work up and specific interventions, nurses will notify 
physicians to ensure proper patient management. The moni-
toring system is operated from 7 a.m. to 10 p.m. on weekdays 
and from 7 a.m. to 12 p.m. on Saturdays. The RRS team is com-

posed of 4 experienced nurses and 11 physicians. From 7 a.m. 
to 6 p.m. on weekdays, 2 pulmonologists (intensivists who are 
in charge of the medical ICU) or 2 anesthesiologists (intensivists 
who are in charge of the surgical ICU) participate on a rotating 
duty system, and from 6 p.m. to 10 p.m. on weekdays and from 
7 a.m. to 12 p.m. on Saturdays, 9 staff members (3 emergency 
physicians, 2 pulmonologists, 2 cardiologists, 1 hemato-oncol-
ogist, and 1 anesthesiologist) are on duty.
 The definition of RRS activation in this study means that phy-
sicians intervened for alert-listed patients. Admission to the ICU 
via the RRS is primarily mediated by intensivists. Interventions 
performed by the RRS are triaged according to the A/B/C triage 
categories used by critical care response teams in Ontario (14). 
This system categorizes patients into the following 3 categories: 
A (Admit to ICU) includes patients admitted to the ICU; B (Bor-
derline) includes patients who require further assessment (typ-
ically investigations or monitoring of their response to therapy); 
and C (Consultation only) includes patients who require assess-
ment and recommendations that can be performed while re-
maining in their current location. We added category D (Do not 
resuscitate [DNR]), which includes patients whose DNR orders 
are initiated by the RRS team on the ward (13). 

Statistical analysis
Categorical and continuous variables are expressed as numbers 
and percentages, and medians and interquartile ranges, respec-
tively. Differences between medical and surgical services were 
tested by independent sample t-test and χ2 tests for continuous 
and categorical variables, respectively. Clinically significant vari-
ables were subject to multiple logistic regression analysis to de-
termine the risk factors for mortality. All statistical analyses were 
performed using SPSS, version 17.0 (IBM SPSS Statistics, Armonk, 
NY, USA). A 2-tailed P value < 0.05 was considered significant.

Ethics statement
The present study protocol was reviewed and approved by the 
Institutional Review Board of Seoul National University Bun-
dang Hospital (IRB No. L-2013-1232), which waived the require-
ment for informed consent because of the retrospective study 
design. The study was performed in accordance with the Dec-
laration of Helsinki.

RESULTS

RRS was activated in 460 patients over the study period. Among 
460 patients, 138 (30.0%) and 322 (70.0%) were admitted to the 
medical surgical services, respectively. The most common wards 
of RRS activation were general surgery for surgical services and 
the hemato-oncology unit for medical services (Table 1).
 The majority of RRS activations were triggered by abnormal 
screening values (blood pressure, heart rate, respiratory rate, 
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body temperature, oxygenation, lactic acid levels, and blood 
gas analysis) or pain and neurological symptoms (72.6%, Table 
2). Only 26.7% were triggered by direct calls. The number of di-
rect calls from medical services was especially low (n = 20). The 
median response time was 5 minutes (Table 2).
 Triggers for RRS activation significantly differed between the 
medical and surgical services (P = 0.001). They included an ab-
normal respiratory rate (23.2%), abnormal results on blood gas 
analysis (20.3%), and low blood pressure (18.8%) among patients 
in the medical services group; and low blood pressure (32.0%), 
low oxygen saturation (20.8%), and an abnormal heart rate (17.7%) 
among patients in the surgical services group (Table 2).

 We found significant differences in the main causes for RRS 
activation between patient groups (Supplementary Table 2). More 
patients in the medical services group than in the surgical ser-
vices group were distressed by respiratory problems (61.6% vs. 
38.0%, P < 0.001), and patients in the surgical services group 
were more likely to experience cardiac problems and bleeding 
(16.4% vs. 8.5%, P = 0.035 and 8.8% vs. 2.5%, P = 0.024, respec-
tively) than those in the medical services group.
 Then we evaluated interventions performed following RRS 
activation (Table 3). Overall, patients were more likely to be clas-
sified as DNR or required ICU admission in the medical group 
than those in the surgical group (65.3% vs. 54.7%, P = 0.045). More-
over, the time from RRS activation to DNR conversion was lon-
ger in the surgical group than that in the medical group (medi-
an 14 days vs. 4 days, P = 0.035; Table 4). Our analysis of indivi-
dual interventions also yielded significant differences. Patients 
admitted to surgical services were more likely to undergo lung 
care with low-flow oxygen titration, various diagnostic studies, 
drug and fluid adjustment, consultation with other specialties, 
and transfer monitoring than patients admitted to medical ser-
vices. In contrast, patients admitted to medical services were 
more frequently undergoing a trial of high-flow oxygen therapy 
and ventilation with a portable or non-invasive positive pres-
sure device (Table 3).
 Although the majority of patients were alive at hospital dis-
charge in both groups, a higher number of patients were alive 
at discharge in the surgical group compared to those in the med-
ical group (86.6% vs. 64.5%, P < 0.001). Among the outcomes of 

Table 1. Specific wards of RRS activation 

Medical service 
No. (%) of  
patients 

(n = 138)
Surgical service

No. (%) of  
patients 

(n = 322)

Department of Internal 118 (25.6) General surgery 153 (33.3)

Medicine Orthopedic surgery 70 (15.2)
Hemato-oncology 63 (13.7) Urology 29 (6.3)
Pulmonology 21 (4.6) Neurology 27 (5.9)
Gastroenterology 15 (3.3) Obstetrics 18 (3.9)
Geriatric medicine 12 (2.6) Neurosurgery 10 (2.2)
Nephrology 3 (0.7) Thoracic surgery 8 (1.7)
Cardiology 2 (0.4) Otolaryngology 6 (1.3)
Infection 1 (0.2) Plastic surgery 1 (0.2)
Endocrinology 1 (0.2)

Rehabilitation 16 (3.4)
Neuropsychiatry 4 (0.9)

RRS = rapid response system.

Table 2. Clinical characteristic of patients with RRS activation 

Characteristics Total (n = 460) Medical service (n = 138) Surgical service (n = 322) P value

Age, yr 73 (60.0–79.0) 71 (58.7–78.0) 73 (60.7–79.3) 0.373
Sex, male 278 (60.4) 89 (64.5) 189 (58.7) 0.244
Activation methods < 0.001
   Screening 334 (72.6) 118 (85.5) 216 (67.1)
   Call 123 (26.7) 20 (14.5) 103 (32.0)
   Both (screening + call) 3 (0.7) 0 (0.0) 3 (0.9)
Response time, min 5 (3–10) 5 (3–5) 5 (3–10) 0.373
MEWS 4 (3–6) 5 (4–6.25) 4 (3–6) < 0.001
Triggers of activation < 0.001
   BP* 129 (28.0) 26 (18.8) 103 (32.0)
   HR† 74 (16.1) 17 (12.3) 57 (17.7)
   RR‡ 75 (16.3) 32 (23.2) 43 (13.4)
   BT§ 44 (9.6) 2 (1.4) 42 (13.0)
   Chest pain (angina or dissection) 0 (0.0) 0 (0.0) 0 (0.0)
   Acute neurologic abnormality 6 (1.3) 0 (0.0) 6 (1.9)
   Oxygenationll 83 (18.0) 16 (11.6) 67 (20.8)
   Blood gas abnormality¶ 43 (9.3) 28 (20.3) 20 (6.2)
   Metabolic acidosis** 3 (0.7) 2 (1.4) 1 (0.3)
   Direct call†† 39 (8.5) 9 (6.5) 30 (9.3)

Values are presented as number of patients (%) or median (IQR).
RRS = rapid response system, IQR = interquartile range, MEWS = modified early warning score, BP = blood pressure, HR = heart rate, RR = respiratory rate, BT = body tem-
perature, SaO2 = arterial oxygen saturation, PaCO2 = partial pressure of carbon dioxide.
*Systolic BP < 90 mmHg; †HR are < 50/min or > 140/min; ‡RR < 10/min, > 30/min, or stridor/accessary muscle use; §BT > 39°C or < 36°C; llSaO2 < 90% in room air or 
facial mask > O2 8 L/min; ¶PaCO2 > 50 mmHg, pH < 7.3, or PaO2 < 60 mmHg; **Lactic acid > 2.5 mM/L or TCO2 < 15 mM/L; ††any serious concern about deterioration.
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Table 3. Interventions of RRS activation

Interventions Total Medical service (n = 138) Surgical service (n = 322) P value

Recommendation < 0.001
   A: ICU admission 246 (53.5) 79 (57.6) 178 (52.0)
   B: Borderline intervention 178 (38.7) 39 (28.0) 145 (42.4)
   C: Consultation only 19 (4.1) 8 (5.9) 12 (3.5)
   D: DNR 17 (3.7) 12 (8.5) 7 (2.0)
Minor intervention (B, C) 196 (42.4) 48 (34.7) 146 (45.3) 0.045
Major intervention (A, D) 264 (57.4) 90 (65.3) 176 (54.7)
Specific interventions

Respiratory support
Lung care and low flow oxygen titration 383 (83.3) 76 (55.1) 307 (95.3) 0.001
High flow nasal O2 apply 10 (2.2) 6 (4.3) 4 (1.2) 0.012
Portable ventilator apply 4 (0.9) 3 (2.2) 1 (0.3) 0.054
BiPAP apply 3 (0.7) 2 (1.4) 1 (0.3) 0.163

Order diagnostic studies
Laboratory studies 363 (78.9) 53 (38.4) 310 (96.3) < 0.001
Imaging studies 335 (72.8) 46 (33.3) 289 (89.8) < 0.001
Electrocardiogram 173 (37.6) 13 (9.4) 160 (49.7) < 0.001
On-site cardiac evaluation 156 (33.9) 2 (1.4) 154 (47.8) < 0.001

Drug and fluid management
Drug adjustment 266 (57.8) 55 (39.9) 211 (65.5) 0.004
Fluid resuscitation 232 (50.4) 41 (29.7) 191 (59.3) 0.001
Transfusion 28 (6.1) 1 (0.7) 27 (8.4) 0.003

Transfer monitoring 181 (39.3) 36 (26.1) 145 (45.0) 0.023
Consultation to other specialties 122 (26.5) 5 (3.6) 117 (36.3) < 0.001
Procedure 

Intubation 74 (16.1) 24 (17.4) 50 (15.5) 0.145
Central line insertion 10 (2.2) 1 (0.7) 9 (2.8) 0.464

Emergent arrangement
Emergency embolization arrange 9 (2.0) 4 (2.9) 5 (1.6) 0.192
Emergency operation arrange 7 (1.5) 3 (2.2) 4 (1.2) 0.380

Others 55 (12.0) 9 (6.5) 46 (14.3) 0.090

Values are presented as number (%).
RRS = rapid response system, ICU = intensive care unit, DNR = do not resuscitate, BiPAP = Bi-level positive airway pressure.

Table 4. Outcomes of interventions performed after RRS activation

Outcomes Medical service (n = 118) Surgical service (n = 342) P value

Hospital survival 89 (64.5) 279 (86.6) < 0.001
Hospital mortality 49 (35.5) 43 (13.4)
DNR in hospital mortality 41 (29.7) 25 (7.8) < 0.001
Days from RRS activation to DNR 4 (2–13) 14 (4–26.5) 0.035
Hospital lengths of stay, day 22 (14–43) 25 (13–55) 0.421
Result of patients who admitted to ICU via RRS activation

Patients 78 (56.5) 168 (52.2) 0.416
ICU survival 62 (79.5) 148 (88.1) 0.083
SOFA score 9 (6–12) 6 (4–9) < 0.001
APACHE-II score 25 (17–33.3) 18 (13–23) < 0.001
Lengths of stay in ICU, day 6 (3–9) 4 (2–6.25) 0.074
Intubation and MV apply 50 (64.1) 74 (44.0) 0.004
Duration of MV, day 6 (4–7) 4 (2–6) 0.053
Renal replacement therapy 19 (24.4) 22 (13.4) 0.042
Duration of renal replacement therapy 3 (2–5) 3.5 (2–5) 0.830
Extra-corporeal membrane oxygenation 1 (1.3) 3 (1.8) 0.999

Values are presented as number of patients (%) or median (IQR).
DNR = Do Not Resuscitate, RRS = rapid response system, ICU = intensive care unit, SOFA = Sequential Organ Failure Assessment, APACHE-II = Acute Physiology and Chronic 
Health Evaluation-II, MV = mechanical ventilation.
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interventions performed after RRS activation, we observed sim-
ilar rates of ICU admission between groups. However, signifi-
cant differences in the SOFA and APACHE-II scores, intubation 
rate, and frequency of renal replacement therapy were found 
between groups (Table 4).
 In multivariate analysis (logistic regression) for hospital mor-
tality in RRS activated patients, whether the patient was admit-
ted to medical services was found to be an independent risk of 
mortality in this patient group after adjusting for the MEWS, Charl-
son comorbidity index weighted for age, and intervention per-
formed by the RRS team (Table 5).

DISCUSSION

We observed significant differences between the medical and 
surgical patient groups in terms of the triggers and causes of RRS 
activation, interventions performed, and patients’ outcomes 
following RRS activation. Common diagnoses resulting in RRS 
activation in our study were respiratory distress, sepsis, and car-
diac problems; these findings are similar to those of previous 
studies (8,15-17). However, the 2 patient groups had significant-
ly different clinical characteristics and intervention requirements. 
In contrast to patients admitted to medical services, in which 
RRS activation was triggered by respiratory problems in 60% of 
cases, sepsis and cardiac and bleeding problems were common 
triggers for RRS activation among patients admitted to surgical 
services.
 These different causes of RRS activation are reflected in the 
differences in activation criteria and interventions performed 
in the 2 groups. We found that interventions performed in pa-
tients admitted to medical services were mainly support for high-
grade respiratory care (e.g. high-flow oxygen therapy, portable 
ventilator and bi-level positive airway pressure use). In contrast, 
interventions performed in patients admitted to surgical servic-
es included diagnostic tests, drug adjustment, fluid management, 
and transfusions. In 2011, Sarani et al. (16) reported that triggers 
for RRS activation and interventions were similar between the 
medical and surgical patient groups. However, their study fo-
cused on the incidence of cardiac arrest and hospital mortality, 
whereas we assessed detailed differences in triggers, interven-
tions, and causes for RRS activation between 2 patient groups. 

Therefore, our study suggests that an RRS structure tailored for 
specific patient groups may be needed.
 The reason why these differences were observed is as follows. 
If an RRS alarm is alerted, our RRS nurse performs a check first 
and if the problem has not already been properly handled by 
the primary care physician who resides in the ward, our RRS is 
activated. In surgical service, most problems that occur during 
the perioperative periods need medical management such as 
infection (18), drug adjustment (19,20), lung care (21,22), etc. 
Generally, residents in the surgical ward resolve these problems 
after consulting with staff from medical departments (mainly 
infection, cardiology, and pulmonology). In this situation, the 
RRS team can provide rapid and proper interventions prior to 
receiving a response from the consultant. Therefore, minor in-
terventions (B, C) are common in surgical services as shown in 
our results. Meanwhile, these kinds of problems have been com-
monly encountered by residents in medical wards, and most 
are solved by the primary care physician. Therefore, if the RRS 
is activated in the medical services, most cases are typically ur-
gent and require major interventions such as high-grade respi-
ratory support, ICU admission, or DNR discussion, according 
to our results.
 It is necessary to re-establish specific thresholds for trigger 
criteria for specific patient groups to be able to apply these re-
sults to the clinical field. Our hospital uses constant trigger cri-
teria for RRS activation and it has not been validated if the cur-
rent criteria are appropriate. We determined the threshold lev-
els of the trigger criteria based on our clinical practice and wide-
ly accepted values reported in previous studies (3,15,23,24). How-
ever, as shown in this study, different patient groups require 
more elaborate and specific trigger criteria and thresholds, as 
different patient groups are managed by different types of phy-
sicians. The capacities of these physicians in dealing with emer-
gency situations differ greatly according to their department 
and experience. Therefore, optimal criteria and thresholds for 
RRS activation should be re-determined. 
 The RRS described in this study had 2 arms and was based 
on the admission of patients to either a medical or surgical ser-
vice. The main concept of our RRS is a moving ICU. In addition, 
the lack of manpower devoted to full-time RRS is 1 of the main 
reasons for designing this system. We could not hire a new em-
ployee for the RRS due to poor administrative support, thus we 
made use of existing manpower. Physician notification follow-
ing RRS activation differs depending on whether patients have 
been admitted to medical or surgical services. For patients ad-
mitted to medical services, 2 pulmonologists (intensivists who 
are in charge of the medical ICU) are the primary contact, where-
as 2 anesthesiologists (intensivists who are in charge of the sur-
gical ICU) are the primary contact for patients admitted to sur-
gical services. Therefore, the potential benefits of this 2-arm sys-
tem include greater physician familiarity with the primary care 

Table 5. Prognostic factors for mortality in RRS activated patients 

Variables OR 95% CI of OR P value

Gender, male 0.921 0.544–1.558 0.758
MEWS 1.190 1.065–1.329 0.002
CCI-age 1.221 1.087–1.373 0.001
Medical service 2.649 1.571–4.466 < 0.001
Intervention of RRS* 4.409 2.322–8.371 < 0.001

MEWS = modified early warning score, CCI-age = age adjusted Charlson comorbidity 
index, OR = odds ratio, CI = confidence interval.
*Major intervention (A, D) vs. minor intervention (B, C). 
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team, familiarity with patient problems and the anticipated clin-
ical course, and the integration of common causes for patient 
deterioration in the system (16). Furthermore, rapid arrange-
ment of ICU beds is possible and the continuity of treatment is 
preserved when patients are admitted to the ICU. 
 Our study has several limitations. First, it was a single center 
observational study. Since our findings reflect the experience of 
a single tertiary referral teaching hospital, they may not be gen-
eralizable to non-teaching or low-acuity hospitals. The 2-arm 
system of our hospital is advantageous as aforementioned, but 
there are no data to compare 2-arm systems with a single-arm 
system. A prospective study to compare the efficacy of these 
systems is needed. Second, the RRS in the study hospital was a 
part-time system. We do not conduct the screening system dur-
ing the evening (10 p.m. to 7 a.m. on weekdays) and most of the 
time on weekends because resources are limited. However, in-
stead of a screening system, we do conduct the RRS only via di-
rect call during screening off time during the study period, and 
doctors on duty are intensivists and clinical fellows in the criti-
cal care division. Therefore, technically, there is an on-going 
RRS (direct call without screening and RRS nurses during the 
evening and weekends). Further analysis about the effect of this 
part-time system is needed. Third, the classification of the medi-
cal and surgical ward was somewhat irrelevant. Neurology was 
classified as the surgical ward in this study because of its prox-
imity, as the neurologic ward and neurologic ICU are both lo-
cated in the same building with the surgical ICU. Fourth, we did 
not analyze mortality data related to pre- and post-RRS imple-
mentation because this study focused on the different charac-
teristics of RRS between the medical and surgical patient group.
 In this study, we found that RRS triggers, patient outcomes, 
and interventions associated with RRS activation greatly differed 
between patients admitted to medical and surgical services. We 
suggest that future research evaluate the efficacy of an RRS ap-
proach that is tailored to specific patient groups.
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Supplementary Table 1. Activation criteria for the rapid response system

  1. Blood pressure: systolic blood pressure < 90 mmHg + clinically correlated symptoms or signs

  2. Heart rate: < 50/min or > 140/min, or symptomatic arrhythmia

  3. Respiratory rate: < 10/min or > 30/min, or stridor/accessory muscle use 

  4. Body temperature: > 39°C or < 36°C

  5. Pain: chest pain, suggesting angina or dissection; new or significant increase

  6. Neurology: sudden loss of consciousness, unexplained agitation or anxiety, or unexplained seizure

  7. Oxygenation: oxygen saturation < 90% in room air or facial mask > O2 8 L/min 

  8. Arterial blood gas analysis abnormality: PaCO2 > 50 mmHg, pH < 7.3, or PaO2 < 60 mmHg

  9. Metabolic acidosis: lactic acid > 2.5 mM/L, TCO2 < 15 mM/L

10. Direct calls: any serious concerns about overall deterioration detected by a doctor, nurse, or caregiver at bedside 
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Supplementary Table 2. Causes of rapid response system activation 

Causes Total (n = 460) Medical service (n = 138) Non-medical service (n = 322) P value

Respiratory problem 203 (44.1) 85 (61.6) 122 (38.0) < 0.001
Sepsis and septic shock 76 (16.5) 19 (13.6) 56 (17.5) 0.315
Cardiac problem 66 (14.3) 12 (8.5) 53 (16.4) 0.035
Bleeding 33 (7.2) 3 (2.5) 28 (8.8) 0.024
Gastrointestinal problem 21 (4.6) 3 (2.5) 17 (5.3) 0.222
Hypovolemic shock 21 (4.6) 7 (5.1) 14 (4.4) 0.754
Neurologic problem 14 (3.0) 2 (1.7) 11 (3.5) 0.323
Cardiopulmonary arrest 6 (1.3) 3 (2.5) 3 (0.9) 0.169
Others 20 (4.3) 2 (1.7) 17 (5.3) 0.101


