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Background: A rapid response system (RRS) aims to prevent unexpected patient death due to clinical errors and is becoming an essen-
tial part of intensive care. We examined the activity and outcomes of RRS for patients admitted to our institution’s department of in-
ternal medicine.

Methods: We retrospectively reviewed patients detected by the RRS and admitted to the medical intensive care unit (MICU) from
October 2012 through August 2013. We studied the overall activity of the RRS and compared patient outcomes between those admitted
via the RRS and those admitted conventionally.

Results: A total of 4,849 alert lists were generated from 2,505 medical service patients. The RRS was activated in 58 patients: A (Admit
to ICU), B (Borderline intervention), C (Consultation), and D (Do not resuscitate) in 26 (44.8%), 21 (36.2%), 4 (6.9%), and 7 (12.1%)
patients, respectively. Low oxygen saturation was the most common criterion for RRS activation. MICU admission via the RRS resulted
in a shorter ICU stay than that via conventional admission (6.2 vs. 9.9 days, p = 0.018).

Conclusions: An RRS can be successfully implemented in medical services. ICU admission via the RRS resulted in a shorter ICU stay

than that via conventional admission. Further study is required to determine long-term outcomes.
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INTRODUCTION

Preventing unexpected patient deaths due to clinical errors is
an important priority for healthcare systems. A rapid response
system (RRS) is one strategy for reducing preventable hospital
deaths. As hospitalized patients may exhibit warning signs prior
to deterioration,[1,2] RRS have the potential to prevent adverse

clinical outcomes including cardiac arrest and death.
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Interest in improving hospital quality and outcomes has
prompted the increasing utilization of RRS worldwide.[3] In
fact, the Institute for Healthcare Improvement’s 100,000 Lives
Campaign recommends that hospitals implement RRS as 1 of 6
strategies to reduce preventable in-hospital deaths.[4,5]

Cardiopulmonary arrests and emergency admissions to intensive
care units (ICUs) from general wards are often preceded by a pro-
longed, detectable period of physiological deterioration.[1,6]
Furthermore, suboptimal care and delays in general wards be-
fore admission to the ICU negatively affect mortality, and pa-
tients admitted from general wards have poorer outcomes than
those admitted from the operating or emergency room; more-
over, longer stay in a hospital ward before ICU admission is an
independent predictor of mortality.[6-9] Therefore, it is im-
portant to select a proper activation method and criteria tailored

to each hospital to successfully operate an RRS.
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The RRS in our hospital was launched in December 2010 and
is based on electronic medical record (EMR) screening with
predefined criteria for surgical services and hemato-oncology
wards. The RRS has been extended gradually and now covers
all patients admitted to hospital wards. The present study as-
sessed the activity of the RRS for patients in the department of
internal medicine and examined the particular characteristics
and outcomes of patients admitted to the medical ICU (MICU)

via the RRS compared to patients admitted conventionally.

MATERIALS AND METHODS |

1) Participants

This study was conducted at Bundang Seoul National University
Hospital, a 1300-bed tertiary care academic hospital affiliated
with Seoul National University. Patients deteriorating in general
wards detected by RRS monitoring and all patients admitted to
the MICU from October 2012 to August 2013 were included.
Only patients in medical service wards were included.

We retrospectively reviewed the medical records including
the following clinical variables: age, sex, ward of admission,
modified early warning score (MEWS), Acute Physiology and
Chronic Health Evaluation (APACHE)-II score, Sequential
Organ Failure Assessment (SOFA) score, reason for ICU admis-
sion, RRS activation criteria, RRS intervention, and survival.

Data collection was approved by the Institutional Review Board
of Bundang Seoul National University (IRB No: L-2013-1232),
and the study was therefore performed in accordance with the

Declaration of Helsinki.

2) Activity and RRS operation

Bundang Seoul National University Hospital has had an RRS
operating since October 2012. This RRS runs throughout the
screening system and is based on EMRs; there are 10 activation
criteria including 9 kinds of screening criteria and 1 direct call

for emergency situations (Table 1).

Table 1. Activation criteria for the rapid response system

The 16-bed medical ICU admits approximately 250 patients
annually and is managed as a semi-closed unit by board-certi-
fied critical care physicians. The RRS is operated through a
dashboard monitoring system based on EMRs. If the EMR
meets 1 of the 9 screening criteria, the detected abnormal value
and patient ID pops up as an alert listed on the dashboard mon-
itor (Fig. 1). Charge RRS nurses with more than 5 years of ICU
experience perform primary checks and then call doctors for
specific interventions. Activation of the RRS means doctors
(i.e., intensivists or fellows) check for alert-listed patients.
Admission to the ICU via the RRS is primarily mediated by
intensivists. This monitoring system is operated daily from 7
AM to 10 PM.

On the other hand, conventional ICU admission is mediated
by an on-call ICU resident. If the resident receives calls from
wards for deteriorating patients, the resident physician performs
a primary check and decides whether to admit the patient to the
ICU.

The activity and intervention performed by our RRS are tri-
aged according to the A/B/C triage categories used by critical
care response teams in Ontario.[10] This system categorizes pa-
tients into the following 3 categories: A (Admit to ICU) are pa-
tients admitted to the ICU; B (Borderline) are patients who re-
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Fig. 1. Dashboard system based on electronic medical records.

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

. Body temperature: > 39°C or < 36°C
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. Metabolic acidosis: lactic acid > 2.5 mmol/L, TCO, < 15 mmol/L

—_
(=]

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

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

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

. Neurology: sudden loss of consciousness, unexplained agitation or anxiety, or unexplained seizure
. Oxygenation: oxygen saturation < 90% in room air or facial mask > O, 8 L/min

. Arterial blood gas analysis abnormality: PaCO, > 50 mmHg, pH < 7.3, or PaO, < 60 mmHg

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

quire further assessment, typically investigations or monitoring
of response to therapy, to determine their appropriate dis-
position; and C (Consultation only) are patients who require as-
sessment and recommendations that can be carried out while re-
maining in their current location. In addition, we added a cat-
egory D (Do not resuscitate [DNR]), who are patients whose
DNR orders are initiated by the RRS team on the wards.

3) Statistical analysis

Categorical and continuous variables are expressed as num-
bers and percentages, and means and standard deviations,
respectively. Differences between ICU admission via the RRS

and conventional method were tested by the independent sam-

Table 2. Clinical characteristics of patients and interventions undertaken with the rapid response system activation

Characteristic Values
Rapid response system activations, n (%) 58 (2.3)
Age (y), mean + SD 67.1+11.8
Male sex, n (%) 36 (60)
Activation methods, n (%)
Screening 46 (79)
Call 9(16)
Others 3(5
Wards, n (%)
Hemato-oncology 29 (48.3)
Pulmonology 13 (21.7)
Gastroenterology 6 (10.0)
Geriatric medicine 5(8.3)
Nephrology 4(6.7)
Cardiology 1(1.7)
Response time (min), mean + SD 7.6+7.0
Modified early warning score, mean = SD 4.7+2.1
Reasons for activation, n (%)
1. Low BP (SBP < 90 mmHg) 15 (25.9)
2. HR (< 50/min, > 140/min, or symptomatic arrhythmia) 10 (17.2)
3. RR (< 10/min, > 30/min, accessory muscle use, or stridor) 13 (22.4)
4. BT (> 39°C or < 36°C) 2(3.4)
5. Pain: chest pain suggesting angina 0(0)
6. Neurology 0(0)
7. Oxygenation (Sa0O; < 90% in room air or FM > O, 8L/min) 23 (39.7)
8. ABGA abnormality: PaCO, > 50 mmHg, pH < 7.3, or PaO, < 60 mmHg 2(3.4)
9. Metabolic acidosis: lactic acid > 2.5 mmol/L, TCO, < 15 mmol/L 0(0)
10. Any serious concerns about overall deterioration 1(1.7)
Recommendation, n (%)
A: ICU admission 26 (44.8)
B’: Borderline intervention 21(36.2)
C': Consultation only 4(6.9)
D¥: Do not resuscitate 7(12.1)
Survival rate, n (%) 37 (63.8)
LOS in hospital, mean + SD 28.9 +20.5

“volume replacement (11), use antibiotics, order laboratory and radiologic exams (8), adequate oxygen supply (4), emergency embolization for bleeding
(2), recommend esophagoduodenoscopy (1), use medication for HR control (1), apply noninvasive ventilation (1). Tproblems solved in accounting de-
partment (2), do not resuscitate was not described in the emergency medical records (1), transient change due to analgesics (1). iLung cancer (3), pancre-
atic cancer (1), extramammary Paget’s disease (1), aspiration pneumonia (2). SD: standard deviation; BP: blood pressure; SBP: systolic blood pressure;
HR: heart rate; RR: respiratory rate; BT: body temperature; ABGA: arterial blood gas analysis; ICU: intensive care unit; LOS: length of stay.
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ples t-tests and the xz test for continuous and categorical varia-
bles, respectively. All statistical analyses were performed with
SPSS version 17.0 (IBM SPSS Statistics, Armonk, NY, USA). A

two-tailed p value < 0.05 was considered significant.

RESULTS |

There were a total of 23,267 screened alerts during the study
period. Among these lists, errors and DNRs made up approx-
imately 45%. Alert lists from surgical and medical services
made up approximately 30% and 23.4% respectively. As fever is
properly managed by the attending physician in the medical
service, the RRS team did not usually intervene for patients for

whom the RRS was activated because of fever (Fig. 2).

1) RRS activations and interventions

Among 4,849 actual alert lists (from 2,505 patients), the RRS
was activated 2.3% of the time (n = 58). The clinical findings
encountered by the RRS doctors and interventions undertaken
are listed in Table 2. Most RRS activations were through auto-
matic screening systems by EMRs, and only 16% were direct
calls for help. The mean response time to RRS activation was
7.6 minutes. The most frequent screening criteria for RRS acti-
vation were low saturation and low blood pressure. Furthermore,
44.8% of patients were transferred to the MICU, and DNR was

ordered in 12.1% of patients.

Among 58 cases, 26 patients were admitted to the MICU
(Table 3); their mean age was 67.2, and 70% were male. About
70% of patients were transferred from hemato-oncology and
respiratory wards. The most common reason for ICU admission
was respiratory failure. Survival in the ICU was 80.8%, and the
mean ICU length of stay was 6.2 days. Patients admitted to the
MICU via the RRS and conventional method during the same
period (Table 3) had comparable APACHE-II scores (24.4 vs.
25.4, p = 0.522), but the RRS group had a significantly lower
SOFA score (7.4 vs. 8.9, p = 0.024). Moreover, the RRS group
tended to have lower rates of endotracheal intubation and renal re-
placement therapy as well as a shorter duration of intubation, al-
though the differences were not significant. In addition, the RRS
group tended to have a higher extubation rate and improved sur-
vival in ICU, although the differences were not significant. The
median length of ICU stay was significantly shorter in RRS group
than the conventional group (6.2 vs. 9.9 days, p = 0.018).

2) RRS implementation and cardiopulmonary arrest

The non-ICU cardiopulmonary arrest rate per 1,000 hospital
admissions in the medical service did not decrease after implement-
ing the RRS (before RRS: 0.94 [0.25-2.42]; after RRS: 0.97
[0.45-2.28]; p = 0.082).

Table 3. Characteristics of patients with ICU admission via the RRS and conventional method

RRS Conventional method

(n=26) (n=311) p value
Age, mean + SD 69.2 £10.8 68.6+15.2 0.774
Male sex, n (%) 18 (69.2) 204 (65.6) 0.707
APACHE-II score, mean + SD 244+75 254+8.7 0.519
SOFA score, mean £ SD 74+33 8.9+43 0.024
Ward, n (%) 0.004
Hemato-oncology 11 (42.3) 41 (13.2) <0.001
Pulmonology 7 (26.9) 154 (49.5) 0.029
Gastroenterology 3 (11.5) 17 (5.5) NS
Geriatric medicine 2(7.7) 6(1.9) NS
Nephrology 2(7.7) 25 (8.0) NS
Cardiology 1(3.8) 49 (15.8) NS
Infection 0 16 (5.1) NS
Endocrinology 0 2 (0.6) NS
Rheumatology 0 1(0.3) NS
Intubation, n (%) 18 (69.2) 251 (80.7) 0.161
Extubation, n (%) 11 (61.1) 121 (48.2) 0.193
Duration of intubation (d), mean + SD 4.0+2.6 44+54 0.439
Renal replacement therapy, n (%) 4(15.4) 75 (24.1) 0.313
Length of stay in ICU (d), mean + SD 6.2+6.4 9.9+104 0.018
Survival in ICU, n (%) 20 (80.8) 220 (71.0) 0.286

ICU: intensive care unit; RRS: rapid response system; SD: standard deviation; APACHE: Acute Physiology and Chronic Health Evaluation; SOFA:

Sequential Organ Failure Assessment.
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DISCUSSION

To assess the activity and outcomes of an EMR-based RRS
for hospitalized patients in internal services, we analyzed 4,849
alert lists generated from 2,505 patients; the RRS was activated
in 58 cases including 26 patients (44.8%) admitted to the ICU.
DNR was initiated by the RRS physician in 12.1% of cases. ICU
admission via the RRS resulted in a significantly shorter length
of stay in the ICU than that with conventional admission.

A previous study analyzed cases of cardiopulmonary arrest
and found that 25% of attending nurses did not call doctors when
encountering abnormal vital signs and junior doctors did not re-
port to senior doctors 43% of the time.[11] Easy access and ac-
tive use of the RRS are important for successful implementation.
Therefore, we adopted an active screening system based on
EMRs rather than merely waiting for calls. Our monitoring sys-
tem detects at-risk patients according to predefined criteria im-
mediately after their data are entered into the EMR system.
However, cases of high emergency, wherein there is no time to
input the abnormal vital signs into the EMR system, would be
lost, thereby yielding unexpected results. Therefore, ward
nurses should be instructed to alert the RRS in high emergency
situations.

Our RRS based on EMR screening with predefined criteria
demonstrated a shorter length of stay in the ICU compared to
conventional ICU admission. Research on strategies for improv-
ing quality and reducing costs by changing the way care is pro-
vided to critically ill patients have recently focused on assessing
patients with a prolonged length of stay in the ICU.[12-14]
Prolonged ICU stay can adversely affect health status by in-
creasing the risks of infection, complications, and even
mortality.[15] In addition, ICU length of stay has been used as a
surrogate measure of resource utilization in the ICU.[13,16-18]
Therefore, we expect the RRS to improve the bed turnover rate
in the ICU as a long-term outcome.

In the present study, patients with ICU admission via the RRS
tended to have better clinical outcomes (i.e., mortality, duration
of intubation, rate of intubation, extubation, and renal replace-
ment therapy) compared to conventional admission. Although
patients admitted via the RRS and conventional methods had
similar APACHE-II scores, which represents disease severity,
patients admitted via the RRS had slightly lower SOFA scores,
which represents organ failure. This finding suggests that the
early detection of at-risk patients in general wards and early in-
tervention via the RRS can prevent the development of organ

failure. These rapid sequences might lead to a short length of

stay in the ICU as well as possible improved clinical outcomes
in long-term observation.

Most studies report that the use of an RRS is associated with
lower rates of cardiac arrest.[19,20] In our hospital, the total
number of unexpected arrests (in all cases including medical
and surgical services) likely decreased (data not shown) but not
among the cases confined to the medical service. A major bar-
rier encountered in the early phase of implementing the RRS in
the medical service was a lack of support from attending
physicians. Different opinions about a given situation between
RRS doctors and resident physicians could lead to passive
decisions. These tense relations could impede robust activity,
thus affecting the outcome of the RRS and delaying its success-
ful implementation early on. The positive support and trust of
attending physicians are essential for successfully implementing
the RRS.

The present study has some limitations. First, this was a sin-
gle-center retrospective analysis. As these findings reflect the
experience of a single tertiary referral teaching hospital, they
may not be generalizable to non-teaching or low-acuity hospitals.
Second, the rate of RRS activation was low, and the study was
likely underpowered for some outcomes. Third, as this study an-
alyzed patients in medical services, a selection bias may be
present.

In conclusion, the present study demonstrates that RRS can
be successfully implemented in medical services. ICU admis-
sion via the RRS resulted in a shorter length of ICU stay than
that with conventional admission. Nevertheless, further study is

required to determine long-term outcomes.
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