
246 https://www.accjournal.org

Hong Yeul Lee1, Jinwoo Lee1, Sang-Min Lee1, Sulhee Kim2, Eunjin Yang2, Hyun Joo Lee3, Hannah Lee4,  
Ho Geol Ryu4, Seung-Young Oh5,6, Eun Jin Ha6, Sang-Bae Ko7, Jaeyoung Cho1

1Division of Pulmonary and Critical Care Medicine, Department of Internal Medicine and 2Rapid Response Team, Seoul National University Hospital, Seoul; 
Departments of 3Thoracic and Cardiovascular Surgery and 4Anesthesiology and Pain Medicine, Seoul National University Hospital, Seoul National University 
College of Medicine, Seoul; 5Department of General Surgery, 6Critical Care Center, and 7Department of Neurology, Seoul National University Hospital, Seoul, 
Korea

Effect of a rapid response system on code rates and 
in-hospital mortality in medical wards

Background: To determine the effects of implementing a rapid response system (RRS) on 
code rates and in-hospital mortality in medical wards.
Methods: This retrospective study included adult patients admitted to medical wards at Seoul 
National University Hospital between July 12, 2016 and March 12, 2018; the sample comprised 
4,224 patients admitted 10 months before RRS implementation and 4,168 patients admitted 
10 months following RRS implementation. Our RRS only worked during the daytime (7 AM 
to 7 PM) on weekdays. We compared code rates and in-hospital mortality rates between the 
preintervention and postintervention groups.
Results: There were 62.3 RRS activations per 1,000 admissions. The most common reasons for 
RRS activation were tachypnea or hypopnea (44%), hypoxia (31%), and tachycardia or brady-
cardia (21%). Code rates from medical wards during RRS operating times significantly decrea-
sed from 3.55 to 0.96 per 1,000 admissions (adjusted odds ratio [aOR], 0.29; 95% confidence 
interval [CI], 0.10 to 0.87; P=0.028) after RRS implementation. However, code rates from medi-
cal wards during RRS nonoperating times did not differ between the preintervention and 
postintervention groups (2.60 vs. 3.12 per 1,000 admissions; aOR, 1.23; 95% CI, 0.55 to 2.76; 
P=0.614). In-hospital mortality significantly decreased from 56.3 to 42.7 per 1,000 admis-
sions after RRS implementation (aOR, 0.79; 95% CI, 0.64 to 0.97; P=0.024).
Conclusions: Implementation of an RRS was associated with significant reductions in code 
rates during RRS operating times and in-hospital mortality in medical wards.
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INTRODUCTION

Rapid response system (RRS), also referred to as rapid response teams, medical emergency 

teams (METs), or critical care outreach programs, have been introduced to provide early in-

tervention for patients with subjective or objective signs of unexpected clinical deterioration 

[1]. Compared to a traditional code team, an RRS proactively assesses hospitalized patients at 

risk for cardiac, respiratory, or neurologic deterioration, rather than patients who have al-
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ready experienced cardiopulmonary arrest [2]. Such teams 

play important roles in the prevention of cardiopulmonary ar-

rest and can improve patient outcomes [1,3].

 Two previous meta-analyses published in 2007 [4] and 2010 

[5] showed that implementation of RRS had no impact on rates 

of cardiopulmonary arrest. However, in recent years, nonran-

domized, preintervention, and postintervention studies [6,7], 

as well as two meta-analyses [8,9] consistently showed reduc-

tions in rates of in-hospital mortality and cardiopulmonary 

arrest after RRS implementation. These findings have led to 

the establishment of RRS in many countries [1]. The imple-

mentation of RRS is increasing rapidly in South Korea as well 

because of the rapid response service pilot program started by 

the Korean Ministry of Health and Welfare, and Health Insur-

ance Review and Assessment, in May 2019 [10]. Most previous 

studies focused on benefits of RRS implementation assessed 

in terms of hospital-wide code rates and mortality, which in-

clude both medical and surgical wards. Therefore, the current 

study was designed to determine the effects of RRS imple-

mentation on code rates and in-hospital mortality in medical 

wards alone. 

MATERIALS AND METHODS

Study Design and Patients
This retrospective, longitudinal cohort study included adult 

patients (age ≥ 18 years) admitted to medical wards at Seoul 

National University Hospital, a 1,778-bed tertiary-care referral 

hospital in Seoul, South Korea, between July 12, 2016 and March 

12, 2018. Patients who were not admitted to the Department 

of Internal Medicine were excluded (n = 494). The medical 

wards in this study included four standard wards and one pri-

vate ward, totaling 163 beds. During the study period, there 

were no other systemic changes in inpatient care at these wards 

(e.g., the introduction of a hospitalist system). The RRS was 

implemented in four standard wards on May 12, 2017, and in 

one private ward on August 2, 2017. We examined 4,224 pa-

tients who were admitted 10 months before RRS implementa-

tion and 4,168 patients who were admitted 10 months follow-

ing RRS implementation in this study. This study was reviewed 

and approved by the Institutional Review Board of Seoul Na-

tional University Hospital (IRB No. IRB-H-1804-069-937) and 

the requirement for informed consent was waived.

Rapid Response System
The RRS was first introduced in the children’s ward in hospital 

in September 2010, and was later expanded to 20 standard 

KEY MESSAGES 

■  Rapid response system (RRS) facilitates early interven-
tion for patients with unexpected clinical deterioration. 

■  Implementation of an RRS in medical wards resulted in 
reductions of code rates during RRS operating times and 
in-hospital mortality.

surgical wards in August 2015. As noted above, the RRS was 

implemented in four standard wards on May 12, 2017, and in 

one private ward on August 2, 2017. It was based primarily on 

the electronic medical record (EMR) screening system. Our 

RRS team comprised eight intensivists and three experienced 

nurses with more than 5 years of intensive care unit (ICU) ex-

perience. The RRS worked only during the daytime (7 AM to 7 

PM) on weekdays. During RRS operating times, one intensiv-

ist and two nurses were responsible for RRS activations. RRS 

nurses performed primary screening and checks, and then 

called an RRS physician. RRS activation was defined when the 

RRS physician made a clinical decision for a patient. The cri-

teria for the activation of RRS were typically based on acute 

changes of patient mental status, blood pressure, heart rate, 

respiratory rate, presence of hypoxemia, dyspnea, chest pain, 

paralysis, new-onset seizure, unexplained agitation for more 

than 10 minutes, color changes in the extremities, abnormal 

laboratory results, or worry on the part of the doctor or nurse 

(Table 1). Outcomes following RRS activation were divided 

into six categories: (1) consultation by an RRS physician (e.g., 

RRS physician advice regarding potential treatment options 

or plans), (2) transfer to ICU, (3) intervention by an RRS physi-

cian (e.g., RRS physician directly manages the patient), (4) in-

Table 1. Criteria for the activation of RRS

Criteria

∙ Respiratory rate ≤8 or ≥28/min, sudden stridor, or use of accessory 
muscles

∙ Oxygen saturation <90%

∙ Heart rate ≤40 or ≥130/min, symptomatic arrhythmia

∙ Systolic blood pressure ≤80 or ≥200 mm Hg

∙ Staff worried: concern about overall deterioration 

∙ Altered neurological status, seizure

∙ Body temperature >39°C or <36°C

∙ Abnormal arterial blood gas test: pH <7.25, PaCO2 >50 mm Hg, or 
PaO2 <55 mm Hg

∙ Metabolic acidosis: lactic acid >4 mEq/L, total CO2 <15 mmol/L

∙ Electrolyte imbalance (potassium, magnesium, phosphate, calcium)

RRS: rapid response system. 



Lee HY, et al. Rapid response system in medical ward

248 https://www.accjournal.org Acute and Critical Care 2019 November 34(4):246-254

tervention by an RRS nurse (e.g., lung suctioning and high/

low flow oxygen titration, bi-level positive airway pressure ap-

plication, or portable ventilator application), (5) accompany-

ing patient to radiology, and (6) transfer to operating room.

Study Outcomes and Data Collection
The primary outcomes were code rates per 1,000 admissions 

from medical wards during RRS operating times, and in-hos-

pital mortality rates per 1,000 admissions in medical wards. 

The secondary outcomes were code rates per 1,000 admissions 

from medical wards during RRS nonoperating times, code rates 

per 1,000 admissions for the first 24 hours of unplanned ICU 

admission from medical wards, deaths after code, length of 

hospital stay, reasons cited for activating RRS, route of RRS ac-

tivation, and outcomes following RRS activation. A code was 

defined as any patient with an unexpected cardiopulmonary 

arrest requiring activation of a hospital alert system and car-

diopulmonary resuscitation, whereas in-hospital mortality 

was defined as death before hospital discharge.

 All medical records were reviewed to obtain information 

regarding age, sex, vital signs at admission, date and time of 

code, return of spontaneous circulation, hospital survival, and 

total hospital admission days. The Modified Early Warning 

Score (MEWS) at admission was also calculated in both groups. 

MEWS of five or above were considered “critical scores” [11]. 

Data explaining the reasons for RRS activation, route of RRS 

activation, and outcomes after RRS activation were prospec-

tively collected in our RRS cohort database and retrieved for 

the study. 

Statistical Analysis
Categorical characteristics were summarized using frequen-

cies and percentages, whereas continuous baseline character-

istics were summarized as mean and standard deviation or 

median and interquartile range. Qualitative data were com-

pared using the chi-square test with Yates’ correction. Nor-

mally distributed quantitative data were compared using Stu-

dent t-test. If not normally distributed, quantitative data were 

Table 2. Baseline characteristics of the study sample

Variable Preintervention (n=4,224) Postintervention (n=4,168) P-value

Age (yr) 61.7±15.4 61.3±15.2 0.330

Sex 0.525

   Female 1,778 (42.1) 1,784 (42.8)

   Male 2,446 (57.9) 2,384 (57.2)

Admitting specialty <0.001

   Respiratory 1,345 (31.8) 1,396 (33.5)

   Hemato-oncology 1,389 (32.9) 1,220 (29.3)

   Gastroenterology  709 (16.8)  934 (22.4)

   Cardiology  482 (11.4)  369 (8.9)

   Nephrology  79 (1.9)  73 (1.8)

   Othersa 220 (5.2)  176 (4.2)

Vital sign

   Respiratory rate (/min) 20 (20–20) 20 (20–20) 0.545

   Body temperature (°C) 36.6 (36.3–36.9) 36.5 (36.3–36.8) 0.044

   Systolic blood pressure (mm Hg) 123 (111–136) 124 (112–136) 0.065

   Diastolic blood pressure (mm Hg) 75 (68–83) 75 (68–83) 0.180

   Heart rate (/min) 83 (73–96) 82 (71–94) <0.001

MEWS 1.6±1.1 1.5±1.0 <0.001

MEWS critical score 0.294

   <5 4,121 (97.6) 4,058 (97.9)

   ≥5  102 (2.4)  85 (2.1)

Values are presented as mean±standard deviation, number (%), or median (interquartile range).
MEWS: Modified Early Warning Score.
aOthers include endocrinology, infectious disease, allergy, and rheumatology.
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compared using the Mann-Whitney U-test. Multivariable lo-

gistic regression analysis was used to assess the effects of RRS 

on code rates and in-hospital mortality in medical wards, by 

comparing patients in the pre- and postintervention groups. 

The odds ratios (ORs) and 95% confidence intervals (95% CIs) 

were estimated. All analyses were two-tailed and P-values less 

Table 3. Clinical information and outcomes following RRS activation

Variable RRS activation (N=260)

Call of care from the RRS per 1,000 admissions 62.3

Male sex 156 (60.0)

Age (yr) 60.7±15.2

Modified Early Warning Score 4.7±2.1

Medical specialty for admitted patients

   Hemato-oncology 132 (50.8)

   Respiratory 105 (40.4)

   Gastroenterology 20 (7.7)

   Cardiology  2 (0.8)

   Nephrology  1 (0.4)

   Endocrinology  1 (0.4)

Route of RRS activation

   RRS member 231 (88.8)

   Nurse 22 (8.5)

   Physician  7 (2.7)

Reason cited for activating RRSa

Respiratory reason 194 (74.6)

   Respiratory rate ≤8 or ≥28/min, sudden stridor, or use of accessory muscles 114 (43.8)

   Oxygen saturation <90%  80 (30.8)

Circulatory reason 106 (40.8)

   Heart rate ≤40 or ≥130/min, symptomatic arrhythmia  54 (20.8)

   Systolic blood pressure ≤80 or ≥200 mm Hg  52 (20.0)

Staff worried: concern about overall deterioration 23 (8.8)

Altered neurological status, seizure  7 (2.7)

Body temperature >39°C or <36°C  7 (2.7)

Laboratory reason 10 (3.9)

   Abnormal arterial blood gas test: pH <7.25, PaCO2 >50 mm Hg, or PaO2 <55 mm Hg  5 (1.9)

   Metabolic acidosis: lactic acid >4 mEq/L, total CO2 <15 mmol/L  3 (1.2)

   Electrolyte imbalance (potassium, magnesium, phosphate, calcium)  2 (0.8)

Outcomea

   Consultation by RRS physician 93 (35.7)

   Transfer to ICU 56 (21.5)

   Intervention by RRS physician 53 (20.4)

   Intervention by RRS nurse 45 (17.3)

   Accompanying patient to radiology 12 (4.6)

   Transfer to operating room  1 (0.4)

Values are presented as number (%) or mean±standard deviation.
RRS: rapid response system; ICU: intensive care unit.
aPercentages may not add to 100 because more than one reason or outcome could be selected.
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than 0.05 were considered to be statistically significant. IBM 

SPSS ver. 25.0 (IBM Corp., Armonk, NY, USA) was used for all 

statistical analyses.

RESULTS

During the study period, 8,392 patients were admitted to the 

medical wards. The baseline characteristics of patients are 

shown in Table 2. There were no significant differences in age, 

sex, or critical score of MEWS at admission between the pre-

intervention and postintervention groups. During the 10-month 

period after RRS implementation in medical wards, there were 

62.3 RRS activations per 1,000 admissions (Table 3). The most 

common reasons cited for activating RRS were hypopnea 

( ≤ 8/min) or tachypnea ( ≥ 28/min), sudden stridor leading to 

the use of accessory muscles (43.8%), oxygen saturation lower 

or equal to 90% (30.8%), bradycardia ( ≤ 40/min) or tachycar-

dia ( ≥ 130/min), symptomatic arrhythmia (20.8%), and hypo-

tension (systolic blood pressure ≤ 80 mm Hg) or hypertension 

(systolic blood pressure ≥ 200 mm Hg; 20.0%). The most com-

mon route of RRS activation was an RRS member using an 

EMR-based RRS (88.8%), followed by nurses in medical wards 

(8.5%), and physicians in medical wards (2.7%). Among the 

patients for whom RRS was activated, 91 (35.7%) were treated 

with consultation by the RRS physician, 55 patients (21.5%) 

were transferred to the ICU, and 52 patients (20.4%) were treat-

ed with intervention by the RRS physician.

 After RRS implementation, code rates from medical wards 

Table 4. Summary of study outcomes before and after implementation of RRS

Outcome
Preintervention 

(n=4,224)
Postintervention 

(n=4,168)
P-value

Total codes from medical wards, No. (rate per 1,000 admissions)  26 (6.16) 17 (4.08) 0.250

Code from medical wards during RRS operating times, No. (rate per 1,000 admissions)  15 (3.55)  4 (0.96) 0.023

Code from medical wards during RRS nonoperating times, No. (rate per 1,000 admissions)  11 (2.60) 13 (3.12) 0.813

Code for the first 24 hours of unplanned ICU admission from medical wards,  
No. (rate per 1,000 admissions)

 17 (4.03)  6 (1.44) 0.040

In-hospital mortality, No. (rate per 1,000 admissions) 238 (56.3) 178 (42.7) 0.005

Hospital length of stay, median day (IQR) 6.0 (3.0–17.0) 5.0 (3.0–13.0) <0.001

Deaths from medical ward code, No. (rate per codes from medical wards)  8 (29.6) 5 (27.8) 0.840

Our RRS worked during daytime hours (7 AM to 7 PM) on weekdays.
RRS: rapid response system; ICU: intensive care unit; IQR: interquartile range.

Figure 1. Monthly trends in code rates per 1,000 admissions.
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during RRS operating times decreased significantly from 3.55 

to 0.96 per 1,000 admissions (P = 0.023), while code rates from 

medical wards during RRS nonoperating times did not differ 

between the preintervention and postintervention groups 

(2.60 vs. 3.12 per 1,000 admissions, P = 0.813) (Table 4). In ad-

dition, total code rates from medical wards during the day-

time on weekdays or off time, taken together, decreased from 

6.16 to 4.08 per 1,000 admissions, but the difference was not 

statistically significant (P = 0.250). The code rates for the first 

24 hours of unplanned ICU admission from medical wards 

decreased significantly from 4.03 to 1.44 per 1,000 admissions 

(P = 0.040). In-hospital mortality decreased significantly from 

56.3 to 42.7 per 1,000 admissions (P=0.005), and hospital length 

of stay decreased significantly from 6.0 to 5.0 days (P < 0.001). 

Monthly trends in code rates and in-hospital mortality in med-

ical wards are shown in Figures 1 and 2. Deaths from medical 

ward codes did not significantly change after RRS implemen-

tation (P = 0.840).

 The logistic regression analysis, after adjustments for age, 

sex, admitting specialty, and critical score of MEWS at admis-

sion, revealed that implementation of the RRS was associated 

with a significant reduction in code rates from medical wards 

during RRS operating times (adjusted OR [aOR], 0.29; 95% CI, 

0.10 to 0.87; P=0.028), but not associated with code rates from 

medical wards during RRS nonoperating times (aOR, 1.23; 

95% CI, 0.55 to 2.76; P = 0.614) (Table 5). In addition, imple-

mentation of the RRS was not associated with total code rates 

from medical wards (aOR, 0.70; 95% CI, 0.38 to 1.27; P = 0.242). 

RRS implementation was associated with lower code rates for 

the first 24 hours of unplanned ICU admission from medical 

wards (aOR, 0.39; 95% CI, 0.15 to 0.99; P = 0.047). The imple-

mentation of RRS was also associated with a significant re-

duction in in-hospital mortality (aOR, 0.79; 95% CI, 0.64 to 

0.97; P = 0.024).

Table 5. Relationships between intervention of RRS, code rates, and in-hospital mortality

Outcome Estimate (SE) Adjusted ORa (95% CI) P-value

Total codes from medical wards –0.36 (0.31) 0.70 (0.38–1.27) 0.242

Code from medical wards during RRS operating times –1.24 (0.57) 0.29 (0.10–0.87) 0.028

Code from medical wards during RRS nonoperating times  0.21 (0.41) 1.23 (0.55–2.76) 0.614

Code for the first 24 hours of unplanned ICU admission from medical wards –0.97 (0.48) 0.39 (0.15–0.99) 0.047

In-hospital mortality rate per 1,000 admissions –0.24 (0.10) 0.79 (0.64–0.97) 0.024

Our RRS worked during daytime hours (7 AM to 7 PM) on weekdays.
RRS: rapid response system; SE: standard error; OR: odds ratio; CI: confidence interval; ICU: intensive care unit; MEWS: Modified Early Warning Score.
aAdjusted for age, sex, admitting specialty, and critical score of MEWS at admission.

Figure 2. Monthly trends in in-hospital mortality per 1,000 admissions.
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DISCUSSION

In this retrospective, longitudinal, pre- and postintervention 

cohort study, we found that the implementation of an RRS 

was associated with significant reductions in code rates dur-

ing RRS operating times and in-hospital mortality in medical 

wards. However, there was no significant difference between 

groups in code rates during RRS nonoperating times.

 The first multicenter, cluster-randomized trial of medical 

MET was the MERIT study, in which 23 Australian hospitals 

were randomized into two groups [12]. Twelve hospitals im-

plemented the MET, and 11 hospitals continued to function 

as usual. The results of the MERIT study showed that the im-

plementation of MET greatly increased emergency team call-

ing but was not associated with reductions in unplanned ICU 

admissions, cardiac arrest, or unexpected death. In contrast, 

the results of the present study indicate that after RRS imple-

mentation, code rates from medical wards significantly de-

creased during operating times from 3.55 to 0.96 per 1,000 ad-

missions (P = 0.023). After adjustments for covariates, the im-

plementation of RRS was associated with a significant reduc-

tion in code rates from medical wards during operating times 

(aOR, 0.29; 95% CI, 0.10 to 0.87). However, code rates from 

medical wards during nonoperating times did not differ be-

tween the preintervention and postintervention groups. This 

finding may reflect a unique positive effect of RRS implemen-

tation during operating times. Additionally, the implementa-

tion of RRS significantly decreased in-hospital mortality from 

56.3 to 42.7 per 1,000 admissions (P=0.005). After adjustments 

for covariates, the implementation of RRS was associated with 

a significant reduction in in-hospital mortality (aOR, 0.79; 95% 

CI, 0.64 to 0.97). Among in-hospital deaths, there were no dif-

ferences in the proportion of do-not-resuscitate (DNR) orders 

and proportion of deaths in the ICU between preintervention 

and postintervention groups (89.5% vs. 87.6%; P = 0.664 and 

33.6% vs. 34.3%; P = 0.972). Our results were consistent with 

the results of two recent meta-analyses [8,9], wherein the imple-

mentation of RRS was associated with reductions in hospital 

mortality and cardiopulmonary arrest. Overall, our study and 

recent meta-analyses provide support for the 2015 American 

Heart Association guidelines’ update for cardiopulmonary re-

suscitation and emergency cardiovascular care, which state 

that RRS are effective for reducing the incidence of cardiopul-

monary arrest, particularly in general care wards [3]. Further 

study is required to determine long-term effects of RRS imple-

mentation.

 Previous studies showed that high response “doses” ( > 25 

calls per 1,000 admissions) of RRS were associated with pro-

gressive reductions in cardiac arrest and in-hospital mortality 

[13,14]. Additionally, mature RRS that reported improvements 

of patient outcomes following RRS implementation had rapid 

response doses between 25.8 and 56.4 calls per 1,000 admis-

sions [14]. In the present study, there were 62.3 RRS activa-

tions per 1,000 admissions. Therefore, our RRS delivered a 

sufficiently high response dose, which may explain the reduc-

tions of code rates during RRS operating times and in-hospital 

mortality in medical wards. Although the implementation of 

RRS did not significantly reduce total code rates from medical 

wards when including both operating and nonoperating times, 

code rates for the first 24 hours of unplanned ICU admission 

from medical wards significantly decreased from 4.03 to 1.44 

per 1,000 admissions (P = 0.040). These results imply that the 

effect of RRS is greater than simply helping to expedite trans-

fers to the ICU, and that the implementation of an RRS pre-

vents further clinical deterioration in the first 24 hours of un-

planned ICU admission. Additionally, this hypothesis may ac-

count for reductions in in-hospital mortality in medical wards 

after RRS implementation. We are confident that high doses 

of RRS activation improve patient outcomes as indicated by 

our results.

 In the present study, the most common reasons for activat-

ing RRS in medical wards were respiratory problems, includ-

ing hypopnea or tachypnea, sudden stridor, and use of acces-

sory muscles (43.8%), along with oxygen saturation lower or 

equal to 90% (30.8%). This finding is similar to those of a pre-

vious study, which reported that the most common reasons 

for activating RRS in medical wards were respiratory problems, 

including oxygenation (SaO2 < 90% in room air or facial mask, 

O2 > 8 L/min) (39.7%), respiratory rate < 10/min or > 30/min, 

accessory muscle use, and stridor (22.4%) [15]. We also found 

that among non-respiratory patients, the most common rea-

sons for activating RRS in medical wards were still respiratory 

problems, including hypopnea or tachypnea, sudden stridor, 

use of accessory muscles (41.3%), and oxygen saturation low-

er or equal to 90% (27.1%), although the data are not shown 

here. Moreover, a previous study demonstrated significant 

differences in terms of triggers and causes of RRS activation 

between patients admitted to medical wards vs, surgical wards 

[16]. In that study, 75% of RRS activations in medical wards 

were triggered by respiratory problems, while sepsis, cardiac, 

and bleeding problems were the main reasons for RRS activa-

tion among patients admitted to surgical wards. Therefore, 

patients in medical wards require greater consideration for 

signs and symptoms of respiratory problems.
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 Our study has some limitations. First, this study was a single-

center, retrospective study, and these findings reflect only a 

single tertiary-care referral hospital; therefore, the results may 

not be generalizable to other hospital settings. Additionally, 

the majority of patients in this study were respiratory (32.7%), 

hemato-oncology (31.1%), or gastroenterology (19.6%) patients. 

Different results may be observed in patients with other medi-

cal conditions. Second, data for respiratory rates at admission 

based on EMR could be incorrect. Third, we did not consider 

data for hopeless discharges or transfers to other hospitals, 

which could have affected our assessments of in-hospital mor-

tality. Fourth, although there was no difference in the propor-

tion of DNR deaths between preintervention and postinter-

vention groups, DNR orders or withdrawal of life-sustaining 

treatment could have affected in-hospital mortality, because 

the practice of ordering DNR varies across hospitals and re-

gions of the world. A previous study has reported wide varia-

tions in DNR rates (1%–37%) and DNR mortality rates (8%–

60%) across hospitals. This observation implies that using lo-

cally-defined DNR as an additional covariate could potentially 

lead to systematic bias [17]. Fifth, since our study period was 

20 months long, we may not have fully adjusted for seasonal 

variations. Finally, due to inaccuracies in the comorbidity data 

for our study population, we did not consider comorbidities 

in this study.

 To conclude, the implementation of RRS in medical wards 

was associated with significant reductions in code rates dur-

ing RRS operating times and in-hospital mortality in medical 

wards. Further, long-term postintervention follow-up studies 

are needed to confirm the effects of RRS implementation in 

medical wards.
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