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Background: To ensure patient safety and improvements in the quality of hospital care, rapid response teams (RRTs) have been
implemented in many countries, including Korea. The goal of an RRT is early identification and response to clinical deterioration in
patients. However, there are differences in RRT systems among hospitals and limited data are available.
Methods: In Seoul St. Mary’s Hospital, the St. Mary’s Advanced Life Support Team was implemented in June 2013. We retrospectively
reviewed the RRT activation records of 287 cases from June 2013 to December 2016.
Results: The median response time and median modified early warning score were 8.6 minutes (interquartile range, 5.6 to 11.6 minutes) and 5.0 points (interquartile range, 4.0 to 7.0 points), respectively. Residents (35.8%) and nurses (59.1%) were the main activators
of the RRT. Interestingly, postoperative patients account for a large percentage of the RRT activation cases (69.3%). The survival rate
was 83.6% and survival was mainly associated with malignancy, Acute Physiology and Chronic Health Evaluation-II score, and the time
from admission to RRT activation. RRT activation with screening showed a better outcome compared to activation via a phone call in
terms of the intensive care unit admission rate and length of hospital stay after RRT activation.
Conclusions: Malignancy was the most important factor related to survival. In addition, RRT activation with patient screening showed
a better outcome compared to activation via a phone call. Further studies are needed to determine the effective screening criteria
and improve the quality of the RRT system.
Key Words: medical emergency team; rapid response system; screening; survival.

Introduction
Rapid response teams (RRTs) have been implemented to prevent serious adverse events, such as cardiac arrest, unexpected admission to the intensive care unit (ICU), and death [1]. According to several studies, serious adverse events are
preceded for some hours by warning signs including abnormal vital signs, physiological instability, and an altered mental
status [2-5]. Therefore, the goal of the RRT is early identification of a deteriorating patient showing warning signs, and
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Figure 1. Reasons for rapid response team activation. There are 12 activation criteria, including a direct phone call for serious concerns
about overall deterioration as detected by a physician, nurse, or caregivers at the bedside. Criteria can be duplicated.

an appropriate response before the occurrence of unintended adverse consequences [6].
To ensure patient safety and improve hospital quality of

Materials and Methods

care, RRTs have been implemented in a number of coun-

1) Subjects
We retrospectively reviewed the RRT activation records

tries. In the United States, the 100,000 lives campaign of

of Seoul St. Mary’s Hospital from June 2013 to Decem-

the Institute for Healthcare Improvement recommended

ber 2016. Seoul St. Mary’s Hospital is a tertiary teaching

that hospitals implement RRTs as one of six strategies

hospital in Korea. With 22 upper floors, six basements,

to reduce preventable in-hospital deaths [7]. Nowadays,

and 1,320 beds (including 119 beds in the ICU), it is the

most US hospitals have implemented an RRT in some

largest Korean hospital contained within a single build-

form or other [8,9]. In Australia, an RRT system exists in

ing. Approximately 50,000 adult patients admitted to the

two-thirds of all hospitals [10]. In Korea, RRTs have been

hospital per year. The RRT of the hospital, called the St.

mainly adopted in tertiary medical centers [11-13].

Mary’s Advanced Life Support Team (SALT), was imple-

The clinical benefits of an RRT are still unclear [7,9].

mented in June 2013 for hospital quality improvement.

Some studies showed favorable outcomes in terms of a

During the first 2 months of testing, the RRT targeted

decreased incidence of mortality from cardiac arrest and

patients in the Department of Orthopedic Surgery. Af-

reduced ICU admission rate through the use of an RRT

ter successful testing, the range of RRT activations was

[14-17]. In contrast, other studies found no significant

gradually expanded to include other departments. Since

difference or had ambiguous results [18,19]. This discrep-

June 2016, the RRT has covered all departments except

ancy may be due to the heterogeneity of the study popu-

those for pediatric patients. The RRT can be activated by

lations, and differences in RRT type, activation criteria,

both phone calls and a screening system. Approval was

and quality of activation.

obtained from the institutional review board of Seoul St.

In this study, we retrospectively reviewed the RRT activation records of our institution to determine the clinical

Mary’s Hospital. The requirement for informed consent
was waived by the ethical review board.

characteristics and predictors of survival of Korean patients who required an RRT activation.

2) RRT description
From June 2013 to May 2016, the duty hours of the
RRT were from 8 ᴀᴍ to 10 ᴩᴍ on weekdays and from 8
ᴀᴍ to 4 ᴩᴍ on weekends and holidays. During this period,
the RRT comprised three experienced RRT nurses, three
https://doi.org/10.4266/kjccm.2017.00199
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to four pulmonologists (intensivists in charge of the medical ICU), two to three surgeons (intensivists in charge of

4) Data collection
Basic patient characteristics data, including sex, age,

the surgical ICU), and two to three residents training in

body mass index, admission route, department, admission

the ICU. Intensivists were on duty from 8 ᴀᴍ to 5 ᴩᴍ on

ward, and past medical history (including malignancies),

weekdays, while residents covered the RRT after 5 ᴩᴍ,

were collected from the EMR database. We also checked

and on weekends and holidays.

the status of the operation, number of postoperative days,

However, after May 2016, the RRT was changed to a

activation method, response time, Acute Physiology and

24-hour system and a greater number of medical staff

Chronic Health Evaluation-II (APACHE-II) score, modi-

(drawn from internal medicine, cardiothoracic surgery,

fied early warning score (MEWS), position of activation,

general surgery, and neurosurgery) joined the RRT for

and RRT activation day, time, and reason. APACHE-II

overnight duty. The number of nurses in the RRT was

scores were collected from all patients with RRT activa-

also increased to nine.

tion regardless of ICU transfer, except the patients with
RRT activation in 2013. Vital signs, and laboratory test

3) RRT activation and screening
The criteria for RRT activation are shown in Figure 1.

and arterial blood gas analysis results at the time of RRT

There are 12 activation criteria, including a direct phone

stay after RRT activation, and ICU transfer status (at the

call for any serious concerns about overall deterioration

time of RRT activation and 24 hours after RRT activa-

as detected by a physician, nurse, or caregivers at the

tion) were examined as outcomes.

activation were also collected. Survival, length of hospital

bedside. Exclusion criteria were patients in the department of pediatrics, patients with a do not resuscitate status or in cardiopulmonary resuscitation. RRT activation

5) Statistical analysis
The mean and standard deviation were computed for

was defined as the process when intensivists or residents

normally distributed continuous variables, whereas medi-

arrive at the patient bedside and apply medical treatment,

ans and the interquartile range (IQR, 25th to 75th percen-

give consultation, or make decisions about ICU trans-

tile) were used for non-normally distributed continuous

fer. A portable multi-monitor and the enterprise point-

data. Categorical data are described as numbers (%). Stu-

of-care blood analysis system (Epoc; Alere, Waltham,

dent t-test was performed for normally distributed data,

MA, USA) were carried by the RRT at each activation.

and the Mann-Whitney U-test was used for non-normally

The Epoc system is a handheld, wireless solution that

distributed data to compare clinical characteristics be-

provides blood gas, electrolyte, and metabolite results at

tween subgroups. Categorical variables were compared

the patient’s bedside within approximately 30 seconds of

using the chi-square and Fisher exact tests, as appropri-

the introduction of a sample. Patients are also protected

ate. Missing values were excluded from the analyses. Lo-

by an electronic medical record (EMR)-based screening

gistic regression analyses were performed to estimate the

system. If the clinical value in the EMR satisfies the RRT

associations between survival and clinical characteristics.

activation criteria, patients are automatically screened.

Clinical parameters with a P-value of 0.2 in the univari-

The RRT charge nurse checks the condition of patients

ate logistic regression were included in the multivariate

and recommends RRT activation to ward staff or nurses,

logistic regression. Odds ratios (ORs) and 95% confi-

as necessary. Postoperative and post-ICU monitoring

dence intervals (CIs) were estimated. Statistical analyses

are also in operation for particular departments. In 2016,

were performed using R software ver. 3.1.1 (https://cran.

26,783 patients were screened (18,037 EMR-screened

r-project.org/). A P-value <0.05 was considered to be sta-

patients, 8,041 postoperative patients, and 707 post-ICU

tistically significant.

patients).
https://doi.org/10.4266/kjccm.2017.00199
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Figure 2. Epidemiology of rapid response team (RRT) activations. RRT activation according to (A) position, (B) department, (C) RRT activation by the specific day of the week according to the surgical status and (D) activation methods. OS: orthopedics; OBGY: obstetrics
and gynecology; URO: urology; PS: plastic surgery; IM: internal medicine; NP: neuropsychiatry; ENT: otorhinolaryngology; DT: dentistry;
GS: general surgery.

Results

RRT activations by the specific day of the week according

1) Epidemiology
There were 1.4, 1.5, and 2.0 RRT activations/1,000 ad-

D). Although there was no significant group difference, the

missions in 2014, 2015, and 2016, respectively. Figure 1

In contrast, the non-operation group showed only mar-

shows the reasons for RRT activation. There are 12 activa-

ginal variation over the week. Similarly, RRT activation

tion criteria, and each criterion can be duplicated. The most

by phone call showed a decreasing trend at the weekend.

frequent reason for activation was “serious concerns about

However, RRT activation with screening showed only

overall deterioration.” “O2 saturation ≤90% for more than 5

marginal variation over the week.

to surgical status and activation method (Figure 2C and
postoperative patients tended to be activated on weekdays.

minutes with prior oxygen therapy,” “sudden alteration of
consciousness,” and “systolic blood pressure ≤85 mmHg

Etc

Phone call Phone call

Non-operation
Non-operation
30

Etc GS

with correlated symptoms or signs” were the most common

2) Clinical characteristics
Table 1 lists the basic characteristics of the RRT activa-

reasons for RRT activation. RRT activation by phone call

tion cases. Of the 287 RRT activation cases, 43.2% were

was mainly done by residents (77 cases, 35.8%) and nurses

for male patients and their median age was 70.0 years

(127 cases, 59.1%) (Figure 2A). Orthopedics (49.1%),

(IQR, 58.0 to 78.0 years). The percentage of admissions

obstetrics and gynecology (13.6%), urology (10.8%), and

via the outpatients department and emergency room was

plastic surgery (9.8%) were the most frequently activated

56.1% and 43.9%, respectively. The median body mass

departments (Figure 2B). We also analyzed the number of

index, presence of malignancy, and a postoperative status

https://doi.org/10.4266/kjccm.2017.00199
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Table 1. Basic characteristics of RRT activation
Survival
Characteristic

Total (n = 287)

Survived
(n = 240)

Activation method

Expired
(n = 47)

124 (43.2)

105 (43.8)

70.0 (58.0–78.0)

71.0 (58.0–78.0)

64.0 (54.5–74.5)

0.088

69.0 (58.5–78.0)

71.0 (56.0–77.5)

0.799

23.0 (20.1–25.8)

23.0 (20.1–25.8)

22.9 (20.5–24.9)

0.784

23.0 (20.0–25.8)

22.9 (20.6–25.7)

0.495

Admission route

97 (45.1)

27 (37.5)

P-value

Age (yr)
BMI (kg/m )

0.795

Screening
(n = 72)

Male sex
2

19 (40.4)

P-value

Phone call
(n = 215)

0.129

0.321

0.398

OPD

160 (56.1)

129 (54.0)

31 (67.4)

116 (54.5)

44 (61.1)

ER

125 (43.9)

110 (46.0)

15 (32.6)

97 (45.5)

28 (38.9)

a

76 (35.5)

24 (33.3)

0.847

a

Malignancy

100 (34.8)

67 (28.0)

33 (70.2)

<0.001

Status of postoperation

199 (69.3)

172 (71.7)

26 (55.3)

0.041

145 (67.4)

53 (73.6)

0.405

Postoperation days
at RRT activationb

2.0 (1.0–5.0)

2.0 (1.0–5.0)

3.0 (2.0–8.0)

0.012a

3.0 (1.0–5.5)

2.0 (1.0–3.0)

0.223

Response time (min)

8.6 (5.6–11.6)

9.0 (6.0–11.0)

10.0 (6.5–14.0)

0.375

9.0 (6.0–12.0)

10.5 (0.0–21.0)

0.927

MEWS

5.0 (4.0–7.0)

5.0 (4.0–7.0)

7.0 (5.0–10.0)

<0.001a

5.0 (4.0–8.0)

5.0 (4.0–7.0)

0.656

14.0 (10.0–18.0)

13.0 (8.0–18.0)

0.208

c

APACHE-II score

14.0 (10.0–18.0)

13.0 (9.0–18.0)

RRT activation during
weekday except holidays

229 (79.8)

195 (81.2)

Days between admission
to RRT activation

6.0 (3.0–13.0)

5.0 (3.0–11.0)

16.5 (13.0–23.0)
34 (72.3)
11.0 (5.0–25.5)

a

<0.001
0.233

<0.001a

175 (81.4)

54 (75.0)

0.317

6.0 (3.0–13.0)

5.0 (2.0–13.5)

0.622

Values are presented as number (%) or median (interquartile range).
RRT: rapid response team; BMI: body mass index; OPD: outpatient department; ER: emergency room; MEWS: modified early warning score; APACHE-II: Acute Physiology and Chronic Health Evaluation-II.
a
P-values are significant at the 0.05 level; bPostoperation days were calculated with patients after operation; cMissing data (n = 41) was excluded.

were 23.0 kg/m2 (IQR, 20.1 to 25.8 kg/m2), 34.8%, and

ative patients, the survival group showed a lower number

69.3%, respectively. For the postoperative patients, the

of postoperative days on which the RRT was activated (P

RRT was activated on a median of 2.0 days (IQR, 1.0 to 5.0

= 0.012). Comparing the groups according to phone and

days). The median response time, MEWS, and APACHE-

screening activation methods, there was no significant dif-

II score were 8.6 minutes (IQR, 5.6 to 11.6 minutes), 5.0

ference in the basic characteristics.

points (IQR, 4.0 to 7.0 points), and 14.0 points (IQR, 10.0
to 18.0 points), respectively. Approximately 80% of RRT
activations occurred on weekdays, not including holidays,

3) Outcome
After RRT activation, about 30% of patients were

and the median number of days between admission and

moved to the ICU for further treatment (Table 2). The

RRT activation was 6.0 days (IQR, 3.0 to 13.0 days). We

survival rate after RRT activation was 83.6%, and 6.3%

also compared patients according to survival and activa-

of patients required endotracheal intubation. The median

tion method. The survival group showed a significantly

hospital stay after RRT activation was 12.0 days (IQR, 6.0

lower rate of malignancy (P < 0.001), higher postopera-

to 25.5 days). The survival group showed a significantly

tive rate (P = 0.041), lower MEWS (P < 0.001), and lower

lower intubation rate (P = 0.019) and longer hospital stay

APACHE-II score (P < 0.001) compared to the expired

after activation (P = 0.008). Shorter hospital stay after acti-

group. In addition, the survival group showed a signifi-

vation in the expired group compared with survival group

cantly lower number of days between admission and RRT

was due to early death after RRT activation. The phone-

activation (P < 0.001). When only analyzing the postoper-

activated group showed a significantly higher rate of ICU

https://doi.org/10.4266/kjccm.2017.00199
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Table 2. Outcome after RRT activation
Survival
Characteristic

Total (n = 287)

Survived
(n = 240)

Activation method

Expired
(n = 47)

P-value

At RRT activation

Phone call
(n = 215)

Screening
(n = 72)

P-value

0.965

GW

275 (95.8)

ICU

7 (2.4)

Other

5 (1.7)

230 (95.8)

0.123

45 (95.7)

203 (94.4)

72 (100.0)

6 (2.5)

1 (2.1)

7 (3.3)

0

4 (1.6)

1 (2.1)

5 (2.3)

0

After RRT activation

0.017a

0.093

GW

193 (67.2)

167 (69.6)

26 (55.3)

135 (62.8)

58 (80.6)

ICU

91 (31.7)

70 (29.2)

21 (44.7)

77 (35.8)

14 (19.4)

Other

3 (1.0)

3 (1.2)

Intubation

18 (6.3)

11 (4.6)

Survival

240 (83.6)

Hospital stay days
after activation

12.0 (6.0–25.5)

0

12.5 (7.0–26.5)

3 (1.4)
0.019a

7 (14.9)
-

-

7.0 (1.0–22.0)

0.008a

17 (7.9)
179 (83.3)
13.0 (7.0–31.0)

0
1 (1.4)

0.090

61 (84.7)

0.915

11.0 (5.5–16.0)

0.022a

Values are presented as number (%) or median (interquartile range).
RRT: rapid response team; GW: general ward; ICU: intensive care unit.
a
P-values are significant at the 0.05 level.

admissions (P = 0.017) and longer hospital stay (P = 0.022)

both phone and screening. In our medical center, around

after RRT activation compared to the screening group.

70% of RRT activations were for postoperative patients.
After RRT activation, the survival rate of patients was

4) Clinical parameters associated with survival
On univariate logistic regression analysis, malignancy, a

83.6%, and approximately 30% of patients were moved

postoperative status, MEWS, APACHE-II score, number

nancy was the most important factor in survival. In addi-

of days between admission and activation, and intuba-

tion, RRT activation with screening showed a favorable

tion were significantly associated with survival (P < 0.001,

outcome compared with RRT activation by phone.

to the ICU for further treatment. The presence of malig-

P = 0.029, P < 0.001, P < 0.001, P < 0.001, and P = 0.012,

The afferent limb associated with RRT activation is one

respectively) (Table 3). In multivariate logistic regression

of the most important components to improve outcomes

analysis, malignancy, APACHE-II score, and number of

[13]. In our medical center, frequent promotion of RRT

days between admission and activation were the clinical pa-

and education of the medical staff was performed along

rameters found to be significantly associated with survival (P

with RRT implementation. In addition, our RRT can be

< 0.001, P = 0.009, and P = 0.001, respectively), with an OR

easily activated by a phone call to an RRT nurse. As a

of 7.47 (95% CI, 3.00 to 20.53), 1.10 (95% CI, 1.03 to 1.19),

result, residents and nurses were the most frequent RRT

and 1.04 (95% CI, 1.02 to 1.07), respectively.

activators, according to the data. Due to easy access to an
RRT nurse, residents or nurses may feel less intimidated
by making an RRT activation, and the percentage of early
calls could thus increase [1]. Patient screening is also per-

Discussion

formed by an experienced RRT nurse for early detection

In this study, we retrospectively analyzed the RRT acti-

and response. The current study showed that screening

vation records of a single tertiary medical center. Over the

can lead to a favorable outcome, such as with respect to

course of 3.5 years, there were 287 RRT activations by

the ICU transfer rate and length of hospital stay after ac-

https://doi.org/10.4266/kjccm.2017.00199
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Table 3. Clinical parameters associated with survival
Variable
Admission route

Odds ratio (95% CI)

P-value

Odds ratio (95% CI)

P-value

1.76 (0.92–3.51)

0.096

Malignancy

6.05 (3.11–12.35)

Status of postoperation

0.49 (0.26–0.93)

MEWS

Multivariate analysisa

Univariate analysis

1.27 (1.13–1.43)

1.06 (0.46–2.49)

0.889

b

7.47 (3.00–20.53)

<0.001

b

0.93 (0.39–2.27)

0.874

b

0.95 (0.77–1.15)

0.583

b

<0.001
0.029

<0.001

b

b

APACHE-II score

1.11 (1.05–1.17)

<0.001

1.10 (1.03–1.19)

0.009

RRT activation during weekday except holiday

1.66 (0.79–3.33)

0.167

0.91 (0.31–2.44)

0.862

b

b

Days between admission to RRT activation

1.04 (1.02–1.06)

<0.001

1.04 (1.02–1.07)

0.001

Type of ward after activation

1.65 (0.90–2.98)

0.102

1.96 (0.79–4.79)

0.143

1.35 (0.21–7.03)

0.731

Intubation

3.64 (1.27–9.82)

b

0.012

CI: confidence interval; MEWS: modified early warning score; APACHE-II: Acute Physiology and Chronic Health Evaluation-II; RRT: rapid response team.
a
Clinical parameters which showed P-value, 0.2 at univariate logistic regression were included for multivariate logistic regression; bP-values are significant at the 0.05
level.

tivation, compared with a phone call. Huh et al. [13] also

main activators of the RRT in our medical center. From

demonstrated a better activation outcome by screening

our results, patients in acute postoperative care tend to re-

rather than by phone call. However, there were no signifi-

quire a greater degree of RRT activation. In these surgical

cant differences in basic characteristics including MEWS

departments, a shortage of surgeons working on the gen-

and APACHE-II score between phone-activated group

eral ward, and inexperience with medical emergencies,

and screening group in our study. There are possibilities

were the main reasons for an RRT call. However, we also

that patients were in different clinical severity with same

experienced adverse outcomes, such as a decreased sense

MEWS or APACHE-II score. In addition, further studies

of responsibility, desensitization to emergencies for gen-

with large population are needed to evaluate the clinical

eral ward physicians, and a heavy burden on RRT staff

status more precisely.

in cases where a high degree of intervention, rather than

In the efferent limb, our median response time, which

a quick second opinion, was expected [3,10]. In contrast,

is the time between RRT activation and the arrival of a

the proportion of internal medicine patients requiring

physician, was 8.6 minutes. We did not include the type

RRT activation was lower than in other medical centers

of intervention in this study due to a number of overlaps,

[11]. Some internists still questioned the effectiveness of

inaccurate records, and difference in the quality. How-

the RRT and prefer to make decisions within their own

ever, interventions were commonly for (1) managing

subdivision. Although there were frequent screening de-

intravenous fluid, (2) administering diuretics, (3) modify-

tections from internal medicine patients, self-management

ing antibiotics, (4) supplying oxygen and nebulizers, (5)

was preferred in most cases rather than RRT activation.

ordering diagnostic studies, and (6) recommending con-

Greater discussion and education are needed to expand

sultation with other departments. About 30% of patients

the range of RRT activities.

were moved to the ICU for further treatment.

In an Australian study, the overall in-hospital mortal-

Interestingly, about 70% of patients with an RRT ac-

ity of RRT patients was about 25%, compared with 15%

tivation were in postoperative care. In addition, depart-

in those not limited to medical therapy [10,20]. Another

ments related to surgery, such as orthopedics, obstetrics

international prospective study of RRT showed a ward

and gynecology, urology, and plastic surgery, were the

mortality rate of 11% [21]. In addition, age, national early

https://doi.org/10.4266/kjccm.2017.00199
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warning score, and care limitations were significant predictors of mortality in a multivariable logistic regression.
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