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Early Experience of Medical Alert System  
in a Rural Training Hospital: a Pilot Study

Maru Kim

Department of Trauma Surgery, College of Medicine, The Catholic University of Korea, Seoul, Korea

Background: Medical emergency teams (METs) have shown their merit in preventing unexpected cardiac arrest. However, it might be 
impractical for small- or medium-sized hospitals to operate an MET due to limited manpower and resources. In this study, we sought 
to evaluate the feasibility of a medical alert system (MAS) that alerts all doctors involved in patient care of patient deterioration via 
text message using smart-phones.
Methods: The MAS was test-operated from July 2015 to September 2015, in five general wards with a high incidence of cardiac arrest. 
The number of cardiac arrests was compared to that of 2014. The indication for activation of MAS was decided by the intensive care 
unit committee of the institution, which examined previous reports on MET.
Results: During the three-month study period, 2,322 patients were admitted to the participating wards. In all, MAS activation oc-
curred in 9 patients (0.39%). After activation, 7 patients were admitted to the intensive care unit. Two patients (0.09%) experienced 
cardiac arrest. Of 13,129 patients admitted to the ward in 2014, there were 50 cases (0.38%) of cardiac arrest (p = 0.009). 
Conclusions: It is feasible to use MAS to prevent unexpected cardiac arrest in a general ward.
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Introduction

Although medical technology has advanced greatly, cardiac arrest (CA) of patients admitted to hospitals still occurs in 
subpopulation of patients admitted to hospitals. CA not only worsens patient’s outcome, but also might aggravate anxi-
ety of nearby patients and their families weakening rapport with and confidence on the medical team.

To prevent CA, many hospitals have started to operate medical emergency team (MET). The rationale behind MET is 
that many patients experiencing CA show abnormal vital signs or neurologic changes such as, altered mental status at 
six to eight hours before these critical events [1,2]. The goal of MET is to try to catch these changes and respond to pa-
tients rapidly to prevent CA. The MET have been shown to improve patient outcome in several studies [3-5]. It has also 
shown feasibility in Korea [6,7].

However, it is difficult for a small rural hospital to run MET due to limited manpower and financial burden to run 
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a specialized team. Therefore, we prepared a medical 
alerting system (MAS) for a small rural hospital. Instead 
of calling a specialized MET to rescue deteriorating pa-
tients, MAS was set up to send out alerting messages to 
every doctor participating in patient care (from intern to 
staff) concurrently via smart phone when the patient meet 
activation criteria of MAS. To verify the effect of MAS in 
reducing unexpected CA following cardiopulmonary re-
suscitation (CPR) in a general ward (GW), we performed 
this pilot study before its overall implementation. 

Materials and Methods

The present study was performed at a 700-bed sec-
ondary hospital which has about 1,400 employees. It is 
located at a rural city of 430,000 residents. It is a train-
ing hospital for internship and residentship. There were 
about 2.87 patients per each nurse on general ward av-
eragely. Institutional Review Board approved this study. 
Informed consent was waived.

Five GW’s with highest occurrence rates of CPR were 
selected by analyzing rates of CA of individual wards in 
2014. The patients in the five wards were generally under 
care of cardiology, oncology, pulmonology, nephrology, 
neurology, and trauma surgery departments. There were 
a total of 240 beds in the wards. MAS was test-operated 
about from July 2015 to September 2015.

This study included adult patients who were admitted 
to these 5 GW. Pediatric patients younger than 15 years 
old were excluded. And patients with certain possibility 
of mortality were excluded because this study focused 
on the reduction of unexpected CPR in a GW. There-
fore CA at intensive care unit (ICU) or emergency room 
were excluded because patients in those place were in 
critical condition and had some potential of CA. In ad-
dition, hopeless patients and patients with do-not-rescue 
situation were excluded. The indication for activation of 
MAS was decided by intensive care unit committee of 
the institution which examined previous reports on MET 
[6,7]. Lung, heart, and nervous system related abnormal 

symptoms and signs were included in the indications. 
The medical team was allowed to activate MAS even 
if the patient did not meet the activation criteria if they 
were concerned about patient’s well-being (Table 1).

The nurse in charge of patient care was instructed to 
activate MAS when the patient in charge met the activa-
tion criteria for MAS. The MAS was incorporated into 
the hospital electronic record system and when activated 
sent patient’s name, room number, and abnormal find-
ings via smart phone message to all the doctors involved 
in patient care concurrently. There was no pre-specified 
protocol about what the doctors had to do once the MAS 
was activated and treatment decisions were left to clini-
cal teams.

MAS was introduced to hospital staff via e-mails and 
posters. The quality improvement team of the hospital 
educated unit managers of the wards, residents, and in-
terns.

The proportion of CPR, MAS activation and admis-
sions were checked. The number of CPR and admitted 
patients in 2014 were used as control group.

Chi-squared and Fisher’s exact tests were used for 
qualitative comparison. A p-value of less than 0.05 was 
considered as statistically significant. 

Table 1. Indications for activation of MAS (MAS will be activated 
with any one condition)

Criteria Parameters

Respiratory Respiratory rate ≤ 8/minute, ≥ 24/minute

Ongoing hypoxia (SaO2 ≤ 90%) more than 5 minutes 

pH < 7.2

PaO2 < 55 mmHg

PaCO2 > 55 mmHg

Cardiology Symptomatic hypotension (systolic blood pressure ≤ 85 mmHg)

Pulse rate ≤ 50/minute, ≥ 120/minute

Neurologic Sudden change of mental status

Sudden agitation

Seizure

Other Any other anxious condition 

MAS: medical alert system.
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Results

During the test-operating period in 2015, 2,322 pa-
tients were admitted to selected wards. There were 9 
cases (0.39%) of MAS activation and among them seven 
patients were transferred to the intensive care unit. Two 
patients experienced CA despite MAS activation.  Overall 
mortality for these patients was 33.3% (3/9) Detailed in-
formation of these activations are summarized in Table 2.

From January to December of 2014, 13,129 patients 
were admitted to five selected wards (Table 3). There 
were 199 cases of mortality and 50 cases (0.38%) of 
cardiopulmonary resuscitation at the wards. MAS was 
activated similarly for control period. However, cardiac 
arrest showed significant reduction (p = 0.009; odds ra-
tio: 0.226; 95% confidence interval: 0.055 to 0.931) 

Discussion

In this study, we confirm the feasibility of MAS in 
decreasing the incidence of CA in GW’s in a medium 
sized training hospital in Korea. In Korea, intern and ju-
nior residents with little clinical experience and medical 
knowledge are usually charged with care of in-patients. 
When a patient deteriorates, these doctors and nurses 
might misjudge the importance of patient’s change lead-
ing to CA. MET is a specialized team in the hospital to 
help the medical teams in managing critically-ill patients 
so that they do not experience adverse outcome [8,9]. But 
to operate a MET, you need doctors with sufficient clini-
cal experience and medical knowledge along with other 
resources, which a medium-sized hospital do not have.

We designed the MAS based on critical value reporting 
(CVR) system in the electronic medical record system. 
CVR system is a system that reports potentially criti-
cal laboratory results to responsible physicians urgently 

Table 2. Comparison of cardiac arrest in the MAS test-operating period and the control period

Patient 
No.

Sex Age Diagnosis Reason of MAS activation Management
ICU 
Adm

CPR Mortality

1 M 83 Heart failure Hypoxia Oral suction, Oxygenation Y N Y

2 F 75 Pneumonia Other anxious condition Oral suction, Oxygenation N N N

3 M 73 Pneumonia Tachycardia Oral suction, Oxygenation Y N N

4 M 76 Myocardial infarction Bradycardia Intubation, CPR Y Y Y

5 F 78 Pneumonia Hypoxia Oral suction, Oxygenation N N N

6 M 53 Liver cirrhosis Hypoxia Intubation, CPR Y Y Y

7 M 30 Acute pancreatitis Hypoxia, Tachycardia Central line insertion, Massive hydration Y N N

8 N/A N/A N/A Decreased Mentality N/A Y N N

9 N/A N/A Acute kidney injury Other anxious condition Continuous renal replacement Y N N

MAS: medical alert system; No.: number; ICU Adm: intensive care unit admission; CPR: cardiopulmonary resuscitation; M: male; F: female; Y: yes; N: no; N/A: not avail-
able.

Table 3. Comparison of cardiac arrest in MAS test-operating period and the control period

Case Control period MAS test-operating period p-value OR (95% CI)

Admission 13,179 2,322

Mortality 199 (1.49) 27 (1.15)       0.204

MAS activation   9 (0.39) > 0.99

CPR   50 (0.38)   2 (0.09)      0.009 0.226 (0.050-0.931)

Values are presented as n (%). 
MAS: medical alert system; OR: odds ratio; CI: confidence interval; CPR: cardiopulmonary resuscitation.
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to improve patient’s outcome [10]. It has been reported 
that this system could make changes of treatment plan in 
two-third of patients [11]. We thought that just reporting 
potentially critical sign or symptom of patients might 
be able to change treatment plan and improve patient’s 
outcome. In addition, we hypothesized that if absolute 
indications for activation of MAS are specified, it would 
be hard to ignore them (Table 1).

After implementation of work hour restriction on train-
ees, smaller numbers of doctors are on call at night. Doc-
tors on duty at night might not be able to properly evalu-
ate each patient’s condition and problems. Therefore, they 
might not be able to respond properly. In addition, on-call 
junior doctors in the classic system might be performing 
procedure or operation so that they could not respond to 
ward’s notification immediately. Concurrent reporting 
of MAS which gives messages to all doctors involved in 
patient care might enable proper management for such 
situation without requiring additional step (Figure 1), thus 
enabling and promoting higher level of care [12].

MAS has a limitation in some situations. In some hos-
pitals with tendency to suppress consultation to other de-
partment or hesitate do-not-resuscitate order in hopeless 
terminal patients, MAS might be ineffective. Also even if 
they are notified of patient’s deterioration, doctors might 
not be able to manage patients properly. Unlike special-
ized MET staffs, almost all doctors in MAS are not spe-

cialized for critical care. However, they could consult 
pertinent departments and ask for help urgently so that 
patients’ outcome could be improved.

The present study has some limitations. It analyzed 
only CA in GW, while other studies analyzed other im-
portant outcomes as mortality, unexpected ICU admis-
sion, and so on. The present study is a small feasibility 
study and other outcomes should be investigated in the 
future. In addition, there are possibilities of bias and 
confounding when selecting the intervention and control 
groups. Especially since during the intervention period 
Korea experienced Middle East Resiratory Syndrome 
with change in patient mix which we were not able to 
measure.

In conclusion, it might be feasible to use MAS to pre-
vent unexpected CA in a GW. However, this pilot study 
was performed for a short period. Based on the result 
of this study, MAS has been applied to all the wards in 
our hospital. Further analysis of its long-term result with 
other factors such as mortality and unexpected ICU ad-
mission is needed to evaluate the effectiveness of MAS 
in improving patient outcome.
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Figure 1. Algorithm of the medical alert 
system. Under specific conditions, it 
rules automatic reporting concurrently. 
Therefore, the system prevents important 
changes from being ignored and reduces 
the time to properly manage cardiac 
events.
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