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Rapid response systems (RRSs) have been introduced to intervene with patients 
experiencing non-code medical emergencies and operate widely around the 
world. An RRS has four components: an afferent limb, an efferent limb, quality 
improvement, and administration. A proper triggering system, a hospital culture 
that embraces the RRS from the afferent limb, experienced primary responders, 
and dedicated physicians from the efferent limb are key for successful imple-
mentation. After initial implementation, quality improvement through objective 
outcome measures and self-evaluation are crucial, which lead to a better outcome 
when this process is well performed. Furthermore, better outcomes lead to more 
investment, which is essential for effective development of the system. The RRS is 
successfully maintained when these four components are closely interconnected.
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Strategies for successful implementation and  
permanent maintenance of a rapid response system
Myung Jin Song and Yeon Joo Lee

INTRODUCTION 

Rapid response systems (RRSs) have been introduced to 
intervene in patients experiencing non-code medical 
emergencies. An RRS involves monitoring deterioration 
in patients and alarms linked to a team of responders 
who provide critical care resources at the patient’s lo-
cation [1]. 

Previous studies have reported that 60% of in-hospital 
cardiac arrests had at least one vital sign abnormality be-
fore the cardiac arrest [2], suggesting that such anteced-
ents may rescue the patient from irreversible mortality 
if recognized and treated appropriately. This concept of 
“rescue” is the rationale for developing an RRS. 

After the 100,000 Lives Campaign launched by the In-
stitute for Healthcare Improvement in 2004 proposed 

“deployment of a RRS” as the first intervention to save 
patients’ lives in hospitals through improvements in the 
safety of health care [3], hospitals in the United States 
and Australia started to deploy RRSs widely. RRSs began 
in Korea in 2008. 

As many hospitals from different countries employ 
RRSs, several studies have evaluated the effectiveness 
of RRSs. However, the results are controversial and evi-
dence supporting RRSs remains unclear. Many observa-
tional studies have shown a reduction in cardiopulmo-
nary arrest in the general ward after implementing an 
RRS [4-8], but the only multicenter randomized study, 
the Medical Early Response Intervention and Therapy 
(MERIT) trial, did not demonstrate the benefit of an 
RRS [9]. This controversy was likely to have been caused 
by variety in the composition and operating systems of 
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the rapid response teams (RRT). At the same time, the 
controversy also suggests that it is not enough just to 
start an RRS; it is also necessary to determine how to 
configure and operate the RRT for it to be effective. An 
RRS is a coherent and integrated system of care with 
four basic components: an afferent limb, an efferent 
limb, quality improvement, and administration (Fig. 1) 
[10]. In this review, we proposed strategies to implement 
and successfully maintain RRSs using these four com-
ponents.

KEY STRATEGIES IN THE AFFERENT LIMB: AN 
EFFECTIVE TRIGGERING SYSTEM AND A HOS-
PITAL CULTURE THAT EMBRACES THE RRS

The afferent limb is designed to identify clinical deteri-
oration in patients and trigger a response. This compo-
nent includes the criteria for calling the RRT, the means 
to assess the calls, the personnel who trigger activation 
of the RRS, and the mechanism of activation [1].

The calling criteria that trigger the RRS are based on 
the patients’ vital signs and laboratory values. A single 

parameter early warning system (EWS) and a multi-pa-
rameter EWS are the two representative types of trigger-
ing systems used in RRSs. Single parameter triggering is 
a set of equally weighted abnormal physiological param-

Figure 1. The four components of a rapid response system.
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Table 1. Activation criteria for rapid response team of Seoul 
National University Bundang Hospital (single parameter 
early warning system)

Variable Activation criteria

Systolic blood pressure, mmHg < 90 

Heart rate, /min < 50 or > 140 

Respiratory rate, /min < 10 or > 30 

Body temperature, °C > 39 or < 36 

Oxygen saturation, % < 90

pH < 7.25

PaCO2, mmHg > 50 

PO2, mmHg < 55 

Lactic acid, mmol/L > 4 

Total CO2, mmol/L < 15 

Any serious concern about overall deterioration detected by 
doctor, nurse, and caregiver at bedside.
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eters that are used predominantly in American centers 
and most Australian centers [10]. These single-parame-
ter criteria are formed based on expert’s knowledge of 
physiological data related to adverse clinical outcomes. 
There are slight differences in the thresholds of the pa-
rameters between hospitals, but the big picture is sim-
ilar. Our hospital uses a single parameter EWS, and the 
triggering set is shown in Table 1. A multi-parameter 
EWS sums up multiple parameters of derangement. The 
United Kingdom has widely adopted multi-parameter 
EWS and representative scoring systems are the Mod-
ified Early Warning System (MEWS) and the National 
Early Warning Score (Table 2) [11,12]. A multi-parameter 
EWS can detect subtle abnormalities in multiple vital 
signs that can be missed by a single parameter EWS, 
which detects extreme deterioration in a single parame-
ter [13]. However, a single parameter scoring system has 
the advantage of being able to evaluate the patient’s con-
dition intuitively as the system is composed of parame-
ters used in clinical practice and has been reported not 
to be inferior to multi-parameter EWS [14]. 

Traditional EWSs have common limitations of low 
sensitivity and a high false alarm rate [15,16]. Increased 

mortality occurs when RRS triggering is delayed due to 
the low sensitivity of the triggering criteria [17]. Howev-
er, if an alarm goes off on too many patients, the staff 
will become desensitized to the false alarms [18]. To 
improve this limitation, several studies have developed 
algorithms based on artificial intelligence to achieve 
both high sensitivity and specificity when triggering the 
RRS [19-21]. Machine-learning-based EWSs are more 
effective at detecting clinical deterioration of patients 
than traditional EWSs, but they have limited ability to 
process raw data and require a careful developmental 
phase that can lead to information loss [19]. Deep-learn-
ing-based EWSs include feature learning, a method in 
which a model is fed raw data to identify automatically 
the features needed to conduct a task [22]. In South Ko-
rea, deep-learning-based EWS was developed using four 
basic vital signs, including systolic blood pressure, heart 
rate, respiratory rate, and body temperature. These EWS 
criteria have led to higher sensitivity with fewer alarms 
than a traditional triggering system, such as the MEWS 
with single triggering criteria [20,21]. However, evidence 
for the clinical use of these new EWSs is limited and 
they must be validated in multiple centers. Addition-

Table 2. Two representative multi-parameter early warning system

3 2 1 0 1 2 3

(a) Modified Early Warning  
 System (MEWS)

Respiratory rate per minute < 9 9–14 15–20 21–29 ≥ 30

Heart rate per minute  < 40 41–50 51–100 101–110 111–129 ≥ 130

Systolic blood pressure, mmHg < 70 71–80 81–100 101–199 ≥ 200

Level of consciousness Alert Reacting to 
Voice

Reacting to 
Pain

Unresponsive

Temperature, °C < 35 35–38.4 ≥ 38.5

(b) National Early Warning  
 Score (NEWS)

Respiratory rate per minute ≤ 8 9–11 12–20 21–24 ≥ 25

Heart rate per minute ≤ 40 41–50 51–90 91–110 111–130 ≥ 131

Systolic blood pressure, mmHg ≤ 90 91–100 101–110 111–129 ≥ 220

Oxygen saturation, % ≤ 91 92–93 94–95 ≥ 96

Any supplemental oxygen Yes No

Level of consciousness A V, P or U

Temperature, °C   ≤ 35.0 35.1–36.0 36.1–38.0 38.1–39.0 ≥ 39.1

A, alert; V, voice; P, pain; U, unconscious.
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ally, safety and effectiveness should be demonstrated 
through well-designed prospective clinical trials. 

 In addition to the objective criteria of the EWS, any-
one who detects a patient’s acute deterioration can acti-
vate the RRS through a call. Usually, the hospital ward 
team (nurse, resident, technician, and staff) triggers the 
RRS directly through a call. Moreover, it is recommend-
ed that the RRS be activated by patients or family mem-
bers when they are concerned about patient status [23]. 
This recommendation has been proposed to protect pa-
tients when healthcare workers do not recognize patient 
deterioration, particularly in pediatric or older patients 
who cannot seek help on their own when they feel their 
condition is worsening. Several studies have report-
ed the impact of patient and family escalation of care, 
and patient and family feedback was uniformly positive. 
However, there appeared to be a level of staff stress as-
sociated with unnecessary calls, particularly related to 
unresolved communication issues with healthcare staff 
that were unrelated to suspected clinical deterioration 
[24-26]. Only a few hospitals (2% of the hospitals in the 
northeastern United States from a recent report) have 
adopted patient and family-member-led escalation ap-
proaches [27], as they require protocols tailored to the 
hospital situation and education of patients and family 
members [28].

Hospital culture can be another important factor in 
activation of the RRS. The ward team may be resistant 
to the RRT being involved in treatment, and the ward 
team may find it difficult to ask the RRT for help. The 
hospital culture in which an RRS is implemented with 
the support of nurses and doctors in the hospital is im-
portant. Patient and family feedback was uniformly pos-
itive. There appeared to be a level of staff stress associat-
ed with introducing a new process that goes beyond the 
traditional hierarchical system.

KEY STRATEGIES FOR THE EFFERENT LIMB: 
QUALIFIED PRIMARY RESPONDERS AND DED-
ICATED PHYSICIANS 

The efferent limb is the response arm and includes the 
personnel and equipment brought to the patient. Ma-
ture academic systems have at least 25 to 55 calls per 
1,000 admissions [29]. An increase in  RRT dose has been 

reported to be associated with a progressive reduction in 
the incidence of cardiac arrest [4,5].

The efferent limb of an RRS is usually a multidis-
ciplinary team composed of a critical care registered 
nurse, respiratory therapist, and physicians. Composi-
tion varies widely between hospitals according to the 
availability of resources and medical staff at each center 
[27]. The effectiveness of an RRS is intrinsically linked to 
its composition, as providers’ ability to triage and stabi-
lize deteriorating patients depends on the providers’ ex-
pertise. However, the most effective team configuration 
remains uncertain [30]. We plan to investigate the com-
position of the RRT in terms of the primary responder 
and the team leader. 

Once an RRS is triggered, the primary responder 
checks the alarm and performs an initial assessment. 
Most primary responders in an RRS are registered nurs-
es and are part of the RRT, while the primary responder 
is usually a physician on the medical emergency team. 
As described above for the afferent limb, a conventional 
RRS triggering system has several limitations in terms 
of sensitivity and specificity. Therefore, the primary re-
sponder needs to determine whether the alarm is clin-
ically important and requires immediate escalation to 
a higher level of management, or a false alarm. In our 
hospital, we studied the effectiveness of subjective as-
sessment (patient acuity rating scale) of the triggered pa-
tient by experienced RRT nurses and confirmed that the 
subjective assessment scale of RRT nurses was superior 
to single parameter triggering or multi-parameter EWS 
in predicting the patient’s short term prognosis [31,32]. 
This result shows that an experienced and well-trained 
primary responder is crucial to an RRT. 

Most RRTs are led by an attending physician (inten-
sivist or non-intensivist) or a trainee physician [27]. No 
benefit on in-hospital mortality has been reported when 
an intensivist leads the RRT compared to a trainee phy-
sician [33,34]. According to a recently published study, 
top-performing hospitals have dedicated team leaders 
without other clinical responsibilities, whereas leaders 
of RRTs at bottom-performing hospitals have other 
competing clinical responsibilities [35]. Based on these 
reports and our experience, the presence of a dedicated 
physician leader, whether it is an intensivist or a trainee 
physician, is more important than who is the leading 
physician. 
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KEY STRATEGIES FOR IMPROVING QUALITY: 
REGULAR EVALUATION OF OUTCOMES AND 
FEEDBACK OF TEAM ACTIVITY 

The afferent and efferent limbs are important elements 
in the initial implementation of an RRS, whereas quality 
improvement is the key element to successfully main-
taining the RRS. Regular evaluations of the function and 
effectiveness of the team using proper objective metrics 
are mandatory to guide subsequent quality improve-
ment activities. Self-evaluation within the team is essen-
tial, and evaluation from outside the team is also help-
ful. As a target outcome, ten quality metrics to evaluate 
an RRS have been proposed by the Third International 
Consensus Conference on rapid response systems (Ta-
ble 3) [23]. Several parameters are difficult to apply to Ko-
rean RRSs. However, the following four metrics must be 
monitored regularly by the team: (1) cardiac arrests in 
general ward patients; (2) predictable cardiac arrests in 
general ward patients; (3) timeliness of the response to 
ward-patient deterioration; and (4) timeliness of critical 
care interventions. In addition, it is important to review 
each case that activated the RRT to determine wheth-
er there was a failure and, if so, the cause of the failure 
should be discussed by the team and feedback should be 
provided through weekly or biweekly meetings. Quality 
improvement occurs when RRTs review their activities 
by evaluating the outcomes and actively monitor med-
ical errors as well as educational opportunities for RRT 
members [36,37]. Using this process, the team can suc-
cessfully establish itself in the hospital while finding the 
optimal direction for activities.

In our hospital, objective metrics are regularly moni-
tored and RRT meetings are held every 2 weeks to review 
all cases transferred from the general ward to the inten-
sive care unit (ICU), and those in which cardiac arrest 
occurred in the general ward. As results, the incidence 
of cardiac arrests in the general ward decreased by 4% 
annually (incidence rate ratio, 0.96; 95% confidential in-
terval, 0.94 to 0.89; p < 0.001) (Fig. 2).

KEY STRATEGY FOR ADMINISTRATION: PROP-
ER FUNDING SUPPORT 

Funding support is required to implement the afferent 

and efferent limbs and operate an RRT. The adminis-
trative component coordinates funding resources to fa-
cilitate improved care, oversees the appointment of the 
response-team staff and the purchase of equipment, and 
coordinates education of the hospital staff regarding the 
rapid-response process [10].

Since RRSs have been implemented in Korea, many 
hospitals have known that an RRS helps improve patient 
safety but that implementation of an RRS is difficult be-
cause of the lack of national support from an insurance 
fee. Most RRS-operating hospitals in Korea do not hire 
an extra dedicated physician for the RRS. Instead, exist-
ing staff members, usually intensivists, spontaneously 
participate in the RRT for patient safety. 

A huge change in the national support for RRSs oc-
curred in May 2019. The Korean Health Insurance Re-
view & Assessment Service and Ministry of Health and 
Welfare started an RRS pilot program to expand RRSs 
[38]. The Ministry of Health and Welfare began to sup-
port the health insurance fee per day to inpatients for 
RRS-operating hospitals with more than 300 beds. The 
degree of support was divided into three levels, accord-
ing to the operating hours and manpower (Table 4). To 
receive the group 1 insurance fee, the RRS must operate 
24 hours per day 365 days per year, and the RRT must 
include at least one dedicated physician and nine dedi-
cated nurses. A video laryngoscope, portable ventilator, 
portable ultrasound, and a point-of-care test machine 
should be equipped to receive group 1 support. Although 
the start of the pilot program is encouraging, there is 
still much room for improvement in the program. First, 
a dedicated RRS physician is mandatory only in group 
1 of the current pilot program. As nurses do not have 
the authority to order, it is bound to be a limited role, 
particularly if a major decision about a patient’s con-
dition and management is needed. The burden on the 
intensivist increases in most group 2 and 3 hospitals of 
the pilot program because the intensivist is working 
in dual roles (ICU and RRS) without an RRS-dedicated 
physician. Therefore, the current pilot program needs 
to be revised so dedicated doctors must be deployed in 
groups 2 and 3. Second, the scale of support remains in-
sufficient to operate and maintain an RRS. However, a 
lack of funding support is not only a Korean problem. 
In Australia and New Zealand, where RRSs are relative-
ly well supported, only 13.7% are fully funded and 15.7% 
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Table 3. Ten quality metrics for the evaluation of rapid response systems [23]

Metric Description Level Type Numerator Denominator
1 Cardiac arrests in 

general ward patients
Essential Clinical 

outcome 
Non-ICU, non-procedural IHCA 10,000 Adult ward bed 

days, including DNAR 
patients

2 Predictable cardiac 
arrests in general ward 
patients

Essential Clinical 
outcome

Cardiac arrests occurring in 
hospitalized ward patients who met 
the hospital’s escalation threshold at 
least 30 minutes prior to and within 
24 hours of the cardiac arrest

10,000 Adult ward bed 
days, including DNAR 
patients

3 Timeliness of their 
response to ward 
patient deterioration

Recommended Process 
measure 

Hospitalized ward patients evaluated 
by critical care personnel within the 
time frame specified by the hospital 
for such evaluation

All ward patients 
meeting deterioration 
criteria that would 
lead to the summons 
or consultation by 
ICU personnel

4 Timeliness of critical 
care interventions

Recommended Process 
measure 

Patients receiving critical care 
application within 6 hours 
following first threshold breach

Patients receiving 
critical care services 
who breached 
threshold in prior 24 
hours

5 Patients that exhibit 
warning signs should 
receive a timely 
documentation of 
goals of care

Optional Process 
measure

The proportion of hospitalized 
ward patients in whom there was 
an escalation criteria breach who 
had goals of care discussions either 
in place, or newly documented 
by a clinical provider within 24 
hours of first breaching the clinical 
escalation criteria

All hospitalized ward 
patients breaching 
escalation criteria.

6 Means by which 
patients and family 
members can activate 
the RRT

Essential Structural 
metric

Hospitals offering means for self or 
caregiver activation of RRT

NA

7 Frequency of RRT 
activations generated 
by patients and family 
members

Optional Process 
measure

The number of patient or family 
activated RRT calls

Total number of 
RRT activations for 
inpatients

8 Safety culture in 
relation to detection 
and response to 
deteriorating patients

Recommended Structural 
metric 

Hospitals conducting evaluations of 
safety culture

NA

9 Length of stay on 
general wards of all 
patients with a breach 
of escalation criteria 
(including ICU cost)

Exploratory Cost 
measure 

The total length of stay for ward 
patients who breach escalation 
criteria. Patients with timely 
documented goals of care (metric 5) 
should be differentiated from those 
lacking such care plans.

NA

10 ICU length of stay of 
patients transferred to 
ICU following breach 
of local escalation 
criteria

Exploratory Cost 
measure 

Duration of ICU stay in days for all 
hospitalized ward patients meeting 
escalation criteria in the 24 hours 
prior to ICU transfer with delay and 
without delay

NA

ICU, intensive care unit; IHCA, in-hospital cardiac arrest; DNAR, do-not-attempt-resuscitation; RRT, rapid response team;  
NA, not applicable.
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are partially funded. Thus, two-thirds do not receive any 
support [39]. More active interest and investment by the 
government and hospital management are required in 
RRSs. 

CONCLUSIONS

In this article, we have reviewed the strategies to imple-
ment and maintain successfully an RRS according to 
four components. A proper triggering system, a hospital 
culture that embraces the RRS, experienced primary re-
sponders, and a dedicated physician are key strategies 
for successful implementation. After the initial im-
plementation, quality improvement through periodic 
self-evaluation is necessary to achieve better outcomes, 
and better outcomes lead to more investment in the sys-
tem. Investment in the system will lead to more effec-

tive development of the system. These four components 
should be closely interconnected for an RRS to be main-
tained successfully, leading eventually to a permanent 
system. 
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