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Abstract

Background

According to the rapid response system’s team composition, responding teams were

named as rapid response team (RRT), medical emergency team (MET), and critical care

outreach. A RRT is often a nurse-led team, whereas a MET is a physician-led team that

mainly plays the role of an efferent limb. As few multicenter studies have focused on physi-

cian-led METs, we comprehensively analyzed cases for which physician-led METs were

activated.

Methods

We retrospectively analyzed cases for which METs were activated. The study population

consisted of subjects over 18 years of age who were admitted in the general ward from Jan-

uary 2016 to December 2017 in 9 tertiary teaching hospitals in Korea. The data on subjects’

characteristics, activation causes, activation methods, performed interventions, in-hospital

mortality, and intensive care unit (ICU) transfer after MET activation were collected and

analyzed.
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Results

In this study, 12,767 cases were analyzed, excluding those without in-hospital mortality

data. The subjects’ median age was 67 years, and 70.4% of them were admitted to the med-

ical department. The most common cause of MET activation was respiratory distress

(35.1%), followed by shock (11.8%), and the most common underlying disease was solid

cancer (39%). In 7,561 subjects (59.2%), the MET was activated using the screening sys-

tem. The commonly performed procedures were arterial line insertion (17.9%), intubation

(13.3%), and portable ultrasonography (13.0%). Subsequently, 29.4% of the subjects were

transferred to the ICU, and 27.2% died during hospitalization.

Conclusions

This physician-led MET cohort showed relatively high rates of intervention, including arterial

line insertion and portable ultrasonography, and low ICU transfer rates. We presume that

MET detects deteriorating patients earlier using a screening system and begins ICU-level

management at the patient’s bedside without delay, eventually preventing the patient’s con-

dition from worsening and transfer to the ICU.

Introduction

The rapid response system (RRS) was first introduced in Australia and the United States in the

mid-1990s [1]. Since the Institute for Healthcare Improvement’s “5 Million Lives” campaign

recommended the implementation of the RRS, the RRS has been introduced and applied

worldwide [2]. Currently, several hospitals in Korea are operating the RRS, and the quality and

specialty of the RRS has improved [3,4].

The RRS aims to prevent unexpected patient death and cardiac arrest resulting from unpre-

dictable deterioration of the patient’s condition in the general ward and emergency room. The

RRS is composed of two limbs—an afferent limb that can quickly recognize a patient’s sudden

deterioration and risk situation and an efferent limb that triages patients, performs resuscita-

tion, and stabilizes the patients at the bedside [5]. Mainly, the efferent limb of the RRS includes

the following interventions for resuscitation: therapy prescription, advanced airway manage-

ment, central vascular line establishment, and intensive care unit (ICU)-level care initiation at

the bedside [6]. Each country has different RRS types. According to team composition,

responding teams were named as the rapid response team (RRT), medical emergency team

(MET), and critical care outreach (CCO) [3]. RRTs and CCO are often nurse-led, whereas the

MET is a physician-led team that mainly plays the role of an efferent limb of the RRS [3,5].

According to the MERIT study published in 2005, the introduction of the MET did not reduce

the incidence of cardiac arrests, unplanned ICU admissions, or unexpected deaths [7]. In sev-

eral subsequent studies, conflicting findings regarding the effectiveness of the RRS were

reported [3,8–10].

Currently, more than 10 years later, various types of the RRS are operating worldwide, and

the RRS is well established in many hospitals. As few recent studies have focused on METs,

and most RRSs were physician-led METs in Korea, in this study, we retrospectively analyzed

cases for which physician-led METs were activated. Data on subjects’ characteristics, activation

causes, activation methods, outcomes, and interventions by the MET through a cohort from

nine tertiary teaching hospitals were collected and reviewed.
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Materials and methods

Study subjects

This multicenter retrospective cohort study included subjects over 18 years of age who were

admitted to general wards in 9 tertiary hospitals in Korea from January 2016 to December

2017. Only the first MET activation during each hospitalization was included. If a MET

directly reviewed the patient’s medical record, made a clinical decision, or treated the patient,

it was judged as MET activation. Subjects without information regarding in-hospital mortality

were excluded from the analysis.

Medical emergency team

Each hospital’s MET operated differently from each other. Among the 9 hospitals, 3 operated

their METs 24 h a day, 7 days a week, whereas 6 operated their METs part-time—2 hospitals

operated their METs during regular working hours on weekdays, another 2 hospitals operated

their METs extending to night hours on weekdays, and the remaining 2 hospitals operated

their METs extending to the weekend. The MET was activated using a screening or calling sys-

tem. The screening criteria of the nine hospitals were slightly different. Six hospitals used a sin-

gle-parameter trigger system, two hospitals used the Modified Early Warning Score or

National Early Warning Score (NEWS), and one hospital used a single-parameter trigger sys-

tem along with NEWS. A single parameter, including abnormal blood pressure, high or low

respiratory rate, tachycardia or bradycardia, fever or hypothermia, oxygen desaturation on

pulse oximetry, neurological deterioration, threatened airway, lactic acidosis, hypoxemia,

hypercapnia, and metabolic acidosis on arterial blood gas analysis, can also trigger the MET.

The parameters were collected from the electronic medical charts of all subjects. Furthermore,

the triggering threshold was slightly different among the hospitals (see S1 File). A call from a

nurse or doctor who perceived that a patient’s condition is deteriorating at the bedside could

also activate the MET. In seven hospitals, the MET could be activated by cardiopulmonary

cerebral resuscitation (CPCR) situations. In eight hospitals, the MET included one or more

doctors and nurses, and in one hospital, two doctors were included in the MET.

Data collection

After the MET activation, a doctor or nurse in the activated team completed a standardized

sheet related to the activation event. The following data were included: age, sex, date of admis-

sion, department of admission, diagnosis at admission, comorbidities, date and time of MET

activation, interval between admission and MET activation, clinical department at the time of

activation, method of activation, cause of activation, do-not-resuscitate (DNR) order before

and after MET activation, MET interventions, and results of MET activation. The types of acti-

vation methods were screening, doctor call, nurse call, CPCR, and others (paramedics call),

and the causes of activation were sepsis, shock, respiratory distress, cardiopulmonary arrest,

arrhythmia, altered mental status, metabolic acidosis, and others. In addition, the ICU dis-

charge date, hospital discharge date, and death date in subjects with MET activation were col-

lected. The data extraction time (time zero) was based on the MET activation time in the

medical record, and if there was no recorded value at the time of MET activation, the MET on-

site arrival time was used. In the absence of both data, the recorded value of the closest point

among the recorded values between 24 h before and after MET activation was collected. Inter-

ventions directly performed by the MET were collected.
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Statistical analysis

Variables were presented as either mean with standard deviation or median with an interquar-

tile range (IQR), as appropriate. We compared the subjects who died with those who survived

after MET activation; Student’s t-test was used to compare continuous variables, and the chi-

squared test or Fisher’s test was used to compare categorical variables. All p values were two-

tailed, and p values of less than 0.05 were considered statistically significant. Statistical Package

for the Social Sciences (version 25.0; IBM Corp., Armonk, NY, USA) was used for all statistical

analyses.

Ethical statement

The study protocol was reviewed and approved by the Institutional Review Board of the

National Cancer Center (IRB #2018–0181), which waived the requirement for informed con-

sent because of the retrospective nature of this study.

Results

Among the 12,803 cases of MET activation, 12,767 cases were analyzed in this study, excluding

36 cases without information regarding in-hospital mortality. Among the 12,767 cases, 9,299

survived and 3,468 died. The median age of the subjects was 67 years, and 58.7% were males

(Table 1). Subsequently, 70.4% of the subjects were admitted to the medical department, and

29.6% were admitted to the surgical department. The most common underlying diseases were

solid cancer (39%), diabetes mellitus (27.1%), and cardiovascular disease (23.4%). The median

interval from admission to MET activation was 5 days. The characteristics of the subjects who

died during hospitalization and those who survived after MET activation were compared. The

Table 1. Subject characteristics.

Variable Total Survived Died p value

Subjects, n 12767 9299 3468

Age, year, median (IQR) 67 (57–76) 67 (56–76) 67 (57–76) .14

Male sex, n (%) 7489 (58.7) 5319 (57.2) 2170 (62.6) < .001

Department, n (%)

Medical 8984 (70.4) 5955 (64.0) 3029 (87.3) < .001

Surgical 3783 (29.6) 3344 (36.0) 439 (12.7) < .001

BMI, mean ± SD 22.4 ± 4.3 22.4 ± 4.3 22.3 ± 4.2 .33

Comorbidities, n (%)

Solid cancer 4981 (39.0) 3308 (35.6) 1673 (48.2) < .001

Hematological malignancy 1215 (9.5) 679 (7.3) 536 (15.5) < .001

Chronic lung disease 1825 (14.3) 1279 (13.8) 546 (15.7) .004

Cardiovascular disease 2992 (23.4) 2162 (23.2) 830 (23.9) .42

Hepatobiliary pancreatic disease 1435 (11.2) 990 (10.6) 445 (12.8) .001

Gastrointestinal disease 487 (3.8) 364 (3.9) 123 (3.5) .34

Cerebrovascular disease 1508 (11.8) 1199 (12.9) 309 (8.9) < .001

Chronic kidney disease 1371 (10.7) 1019 (11.0) 352 (10.1) .19

Thyroid disease 407 (3.2) 317 (3.4) 90 (2.6) .02

Diabetes mellitus 3458 (27.1) 2553 (27.5) 905 (26.1) .12

History of transplantation 458 (3.6) 326 (3.5) 132 (3.8) .42

Days since admission, median (IQR) 5 (2–13) 4 (1–11) 8 (2–19) < .001

Abbreviations: BMI, body mass index; IQR, interquartile range; SD, standard deviation.

https://doi.org/10.1371/journal.pone.0258221.t001
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subjects who died were more likely to be male (62.6% vs. 57.2%), were frequently admitted to

the medical department (87.3% vs. 64%), and had more comorbidities, including solid cancer

(48.2% vs. 35.6%), hematological malignancy (15.5% vs. 7.3%), chronic lung disease (15.7% vs.

13.8%), and hepatobiliary pancreatic disease (12.8% vs. 10.6%). The median interval from

admission to MET activation was longer (8 days vs. 4 days) in subjects who died. The NEWS

at the time of MET activation was higher in patients who died (8.9 ± 3.2 vs. 7.0 ± 3.3,

p< 0.001). Other physiological parameters at the time of MET activation are presented in

S1 Table.

Concerning the activation method, 59.2% of the subjects were activated by a screening sys-

tem, 25.2% by a doctor’s call, 11.7% by a nurse’s call, and 3.7% by CPCR announcement

(Table 2). In the group of subjects who died after MET activation, the MET was less likely to

be activated by a screening system (54.5% vs. 61.0%) and more likely to be activated by CPCR

announcement (8.4% vs. 1.9%). In all subjects, common causes of MET activation were respi-

ratory distress (35.1%), followed by shock (11.8%), and arrhythmia (6.1%), and in subjects

who died, MET activation was more likely to be due to respiratory distress (45% vs. 31.4%),

cardiopulmonary arrest (8.0% vs. 1.2%), and metabolic acidosis (5.9% vs. 3.4%).

The most common interventions were arterial line insertion (17.9%), intubation (13.3%),

and portable ultrasonography (13.0%), and interventions were performed more in subjects

who later died (Table 3). The MET performed interventions in 6,047 (47.4%) of the 12,767

subjects. The number of subjects who received more than 1 intervention was 297 subjects

(71.2%) for sepsis, 1,115 subjects for shock (74%), 2,554 subjects (56.9%) for respiratory dis-

tress, 370 subjects (96.2%) for cardiopulmonary arrest, 248 subjects (31.9%) for arrhythmia,

344 subjects (62.1%) for altered mental status, and 246 subjects (47.5%) for metabolic acidosis.

The most common causes of interventions were cardiopulmonary arrest, shock, sepsis, and

altered mental status, in this particular order. Among the 6,047 subjects who received one

intervention, the proportions of the interventions stratified according to activation causes are

presented in Table 4. Arterial line insertion, intubation, portable ultrasonography, and intrave-

nous vasopressor infusion were frequently performed, in this order, and particularly, arterial

line insertion and portable ultrasonography were performed more regardless of the cause.

Table 2. Medical emergency team activation methods and causes.

Total (n = 12767) Survived (n = 9299) Died (n = 3468) p value

Activation methods, n (%) < .001

Screening 7561 (59.2) 5671 (61.0) 1890 (54.5)

Doctor’s call 3214 (25.2) 2346 (25.2) 868 (25.0)

Nurse’s call 1488 (11.7) 1088 (11.7) 400 (11.5)

CPCR announcement 471 (3.7) 181 (1.9) 290 (8.4)

Others 33 (0.3) 13 (0.1) 20 (0.6)

Causes, n (%) < .001

Sepsis 417 (3.3) 338 (3.7) 79 (2.3)

Shock 1506 (11.8) 1088 (11.7) 418 (12.1)

Respiratory distress 4485 (35.1) 2925 (31.4) 1560 (45.0)

Cardiopulmonary arrest 385 (3.0) 108 (1.2) 277 (8.0)

Arrhythmia 777 (6.1) 646 (6.9) 131 (3.8)

Altered mental status 554 (4.3) 413 (4.4) 141 (4.1)

Metabolic acidosis 518 (4.1) 315 (3.4) 203 (5.9)

Others 4125 (32.3) 3467 (37.3) 658 (19.0)

Abbreviations: CPCR, cardiopulmonary cerebral resuscitation.

https://doi.org/10.1371/journal.pone.0258221.t002
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Table 3. Medical emergency team interventions.

Action Total (n = 12767) Survived (n = 9299) Died (n = 3468) p value

ACLS 515 (4.0) 143 (1.5) 372 (10.7) < .001

ECMO 55 (0.4) 22 (0.2) 33 (1.0) < .001

Renal replacement therapy 554 (4.3) 297 (3.2) 257 (7.4) < .001

Intubation 1699 (13.3) 890 (9.6) 809 (23.3) < .001

BiPAP 187 (1.5) 146 (1.6) 41 (1.2) .11

High-flow nasal cannula 966 (7.6) 568 (6.1) 398 (11.5) < .001

Bronchoscopy 163 (1.3) 118 (1.3) 45 (1.3) .90

Laryngoscopy 41 (0.3) 22 (0.2) 19 (0.5) .006

Arterial line 2281 (17.9) 1458 (15.7) 823 (23.7) < .001

Central line 917 (7.2) 518 (5.6) 399 (11.5) < .001

Portable ultrasonography 1661 (13.0) 1122 (12.1) 539 (15.5) < .001

CT scan 1599 (12.5) 1141 (12.3) 458 (13.2) .16

IV antibiotics 843 (6.6) 611 (6.6) 232 (6.7) .81

IV vasopressor 1641 (12.9) 949 (10.2) 692 (20.0) < .001

Transfusion 741 (5.8) 448 (4.8) 293 (8.4) < .001

DNR discussion 1359 (10.6) 411 (4.4) 948 (27.3) < .001

Abbreviations: ACLS, advanced cardiovascular life support; ECMO, extracorporeal membrane oxygenation; BiPAP, bilevel positive airway pressure; CT, computed

tomography; IV, intravenous; DNR, do not resuscitate.

https://doi.org/10.1371/journal.pone.0258221.t003

Table 4. Medical emergency team intervention rates according to the activation causes.

N

(%)

Total

(n = 6047)

Cardiopulmonary

arrest (n = 370)

Shock

(n = 1115)

Sepsis

(n = 297)

Respiratory

distress

(n = 2554)

Altered

mental

status

(n = 344)

Metabolic

acidosis

(n = 246)

Arrhythmia

(n = 248)

Others

(n = 873)

p

value

Arterial line 2281 (37.7) 145 (39.2) 565 (50.7) 91 (30.6) 954 (37.4) 152 (44.2) 89 (36.2) 102 (41.1) 183 (21.0) < .001

Intubation 1699 (28.1) 218 (58.9) 231 (20.7) 36 (12.1) 926 (36.3) 123 (35.8) 45 (18.3) 22 (8.9) 98 (11.2) < .001

Portable

ultrasonography

1661 (27.5) 108 (29.2) 385 (34.5) 149 (50.2) 587 (23.0) 96 (27.9) 74 (30.1) 73 (29.4) 189 (21.6) < .001

IV vasopressor 1641 (27.1) 221 (6.1) 612 (54.9) 85 (28.6) 470 (18.4) 286 (57) 195 (4.1) 39 (15.7) 177 (20.3) < .001

CT scan 1599 (26.5) 46 (12.5) 300 (26.9) 126 (42.6) 609 (23.8) 194 (56.4) 85 (34.6) 44 (17.7) 195 (22.4) < .001

High-flow nasal

cannula

966 (16.0) 1 (0.3) 61 (5.5) 10 (3.4) 741 (29.0) 7 (2.0) 16 (6.5) 29 (11.7) 101 (11.6) < .001

Central line 917 (15.2) 80 (21.6) 298 (26.7) 49 (16.5) 280 (11.0) 46 (13.4) 68 (27.6) 19 (7.7) 77 (8.8) < .001

IV antibiotics 843 (13.9) 10 (2.7) 195 (17.5) 79 (26.6) 348 (13.6) 38 (11.0) 21 (8.5) 59 (23.8) 93 (10.7) < .001

Transfusion 741 (12.3) 55 (14.9) 299 (26.8) 32 (10.8) 142 (5.6) 42 (12.2) 30 (12.2) 26 (10.5) 115 (13.2) < .001

Renal

replacement

therapy

554 (9.2) 31 (8.4) 110 (9.9) 23 (7.8) 162 (6.3) 46 (13.4) 85 (34.6) 14 (5.6) 83 (9.5) < .001

ACLS 515 (8.5) 356 (96.2) 48 (4.3) 0 (0.0) 74 (2.9) 9 (2.6) 6 (2.4) 5 (2.0) 17 (1.9) < .001

BiPAP 187 (3.1) 0 (0.0) 6 (0.5) 0 (0.0) 126 (4.9) 10 (2.9) 0 (0.0) 2 (0.8) 43 (4.9) < .001

Bronchoscopy 163 (2.7) 5 (1.4) 6 (0.5) 1 (0.3) 114 (4.5) 7 (2.0) 3 (1.2) 2 (0.8) 25 (2.9) .002

ECMO 55 (0.9) 24 (6.5) 14 (1.3) 0 (0.0) 13 (0.5) 1 (0.3) 0 (0.0) 1 (0.4) 2 (0.2) < .001

Laryngoscopy 41 (0.7) 1 (0.3) 8 (0.7) 0 (0.0) 30 (1.2) 0 (0.0) 2 (0.8) 0 (0.0) 0 (0.0) < .001

Abbreviations: ACLS, advanced cardiovascular life support; ECMO, extracorporeal membrane oxygenation; BiPAP, bilevel positive airway pressure; DNR, do not

resuscitate; IV, intravenous; CT, computed tomography.

https://doi.org/10.1371/journal.pone.0258221.t004
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Among 12,767 subjects, 29.4% were transferred to the ICU after MET activation and stayed

in the ICU for a median of 5 days (Table 5). The mean length of hospital stay after MET activa-

tion was 12 days, and the maximum length of hospital stay was 21 days. The subjects who

eventually died were more likely to be transferred to the ICU (38.3% vs. 26.0%). According to

MET activation causes, the ICU transfer rate was higher among subjects with shock (50.9%),

altered mental status (39.9%), and respiratory distress (35.8%) (Table 6), although the in-hos-

pital mortality was higher in subjects with metabolic acidosis (39.2%), respiratory distress

(34.8%), and shock (27.8%).

Discussion

Since MET has been introduced more than 10 years ago, we expect that the proficiency of

METs has increased and its role in the hospital has been solidified. In addition, the perfor-

mance of METs may have been improved along with the developments in medical technology

and equipment. Furthermore, we thought that the characteristics of physician-led METs are

different from other RRS types; thus, we compared the cohort in this study with those of other

studies. In this cohort, most subjects were admitted to the medical wards and the most com-

mon cause of MET activation was respiratory distress, followed by shock. METs were activated

by an electronic medical records-based screening system more than half of the time, and the

commonly performed procedures were arterial line insertion, intubation, and portable ultraso-

nography at the bedside. Moreover, 29.4% of the subjects were transferred to the ICU, and

27.2% died while hospitalized.

The results of this study show higher intervention rates than those reported in other studies

on the RRS. Above all, the interventions examined in this study excluded basic interventions,

Table 5. Outcomes of the medical emergency team activation.

Outcomes Total (n = 12767) Survived (n = 9299) Died (n = 3468) p value

ICU transfer, n (%) 3748 (29.4) 2421 (26.0) 1327 (38.3) < .001

Length of ICU stay, days, median (IQR) 5 (3–10) 4 (3–9) 5 (2–12) .053

Post activation length of hospital stay, days, median (IQR) 12 (5–25) 14 (7–27) 6 (2–19) .01

Length of hospital stay, days, median (IQR) 21 (11–40) 21 (12–40) 20 (10–41) < .001

Abbreviations: ICU, intensive care unit; IQR, interquartile range.

https://doi.org/10.1371/journal.pone.0258221.t005

Table 6. ICU transfer rate and in-hospital mortality of patients for whom MET was activated according to activa-

tion causes.

ICU transfer rate (%) In-hospital mortality (%)

Sepsis 26.6 18.9

Shock 50.9 27.8

Respiratory distress 35.8 34.8

Cardiac arrest 62.9 71.9

Arrhythmia 21.2 16.9

Altered mental status 39.9 25.5

Metabolic acidosis 31.3 39.2

Others 11.5 15.9

p value < .001 < .001

Abbreviations: ICU, intensive care unit.

https://doi.org/10.1371/journal.pone.0258221.t006
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including fluid resuscitation, chest X-ray, arterial blood gas analysis, and medications other

than intravenous antibiotics and vasopressors; therefore, the percentage of subjects who had

received interventions more than once may be underestimated. However, the cohort in this

study shows higher intervention rates when comparing by item. In the large-scale study by

Lyons et al. that included 151,400 cases of RRT activation in major hospitals in the United

States, the rate for intubation was 4.6% (vs. 13.3% in the cohort of this study), bedside ultraso-

nography was 0.3% (vs. 13% in the cohort of this study), and newly started antibiotics was

1.5% (vs. 6.6% in the cohort of this study), which were lower than those in this study [11]. In

the study by Chan et al. published in 2008, the rate of intubation was 7.4% (vs. 13.3% in the

cohort of this study), arterial line insertion was 0.8% (vs. 17.9% in the cohort of this study),

and intravenous vasopressor administration was 1.3% (vs. 12.9% in the cohort of this study),

which showed lower intervention rates than those reported in this study [12]. In addition, this

study showed a higher intervention rate than other studies that mentioned the intervention

rates of the RRS [13,14]. In the aforementioned studies, nurse-led RRTs were mainly focused

on or it was unclear whether physicians were included in the responding team. However, in

this study, all METs included physicians, and in many cases, the physician was an intensive

care or pulmonology specialist skilled in resuscitations and interventions. Therefore, the physi-

cian had directly made a decision and performed diagnostic and therapeutic interventions,

and for this reason, the necessary interventions had been performed in time without delay. In

addition, technological equipment developments, such as video laryngoscopy or portable

ultrasonography, have enabled physicians to easily perform interventions. Especially in this

study, the rate of performing portable ultrasonography at patient bedside was higher, regard-

less of the activation causes. Performing bedside ultrasonography is beneficial in severely ill

patients, as physicians evaluate the heart function and volume status in variable shock patients.

Furthermore, ultrasonography-guided central line insertion increases the procedure’s success

rate and accuracy and prevents procedural delays and complications, including pneumothorax

and vascular injury.

Among the subjects in this study, 70.4% had been hospitalized in the medical department,

which was a result similar to that reported in previous studies [11,15], but the proportions of

subjects with solid cancer and hematological malignancy were high, at 39% and 9.5%, respec-

tively, accounting for approximately half of all subjects (47.9%). However, the proportion of

subjects with DNR discussion was 10.6%, and the ICU transfer rate was 29.5%, which were not

higher than those reported in other studies [16,17]. This study showed a relatively lower ICU

transfer rate than studies that showed a lower intervention rate than this study—the reported

ICU transfer rate was 30% in the study by Lyons et al., 68.81% in that by Al-Omari et al., and

41.2% in that by Chan et al [12–14]. A higher intervention rate but lower ICU transfer rate

could mean that a MET reduces ICU admission by promptly beginning ICU-level manage-

ment at the patient’s bedside. In this study, more than 50% of the MET activation cases were

triggered by the screening system, and among these, the ICU transfer rate was 19%; among the

cases of MET activation by calling, the ICU transfer rate was 42.6%. That is, the MET’s screen-

ing system could also reduce patients’ ICU transfer rate. Hence, further study on whether

MET activation by screening reduces the mortality or the prevalence of cardiac arrest is

warranted.

In our cohort, in-hospital mortality among the 12,767 patients was 27.2%, which is similar

to the mean value of 26% (range 12%–60%) in a systematic review of 17 studies that reported

the in-hospital mortality of RRT activation cases [16]. Among the total cases, 1,055 cases had

sepsis or septic shock: 417 cases had sepsis and 638 cases had septic shock. In 19% of the cases,

antibiotics were newly started or changed by the MET. According to the results of the system-

atic review and meta-analysis by Vincent et al. published in 2019, the in-hospital mortality in
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patients with septic shock was 39% and 28/30-day mortality was 36.7% [18], and according to

the study by Bauer et al. published in 2020, the 30-day mortality in patients with septic shock

was 34.7% [19]. In this study, the in-hospital mortality in patients with sepsis and septic shock

was 28.4% and the 28-day mortality was 22.9%, and in patients with septic shock only, the in-

hospital mortality was 34.6% and the 28-day mortality was 27.7%. This study showed lower

hospital mortality and 28-day mortality than the two aforementioned systematic reviews.

According to the study by Arabi et al., after the introduction of an electronic alert system and

sepsis response team, the in-hospital mortality in patients with sepsis and septic shock,

mechanical ventilation, the length of ICU stay, and the length of hospital stay reduced [20].

This is associated with earlier detection of sepsis and increased compliance of the sepsis resus-

citation bundle. According to a study by Sebat et al. [21], the mortality rate in patients with

shock decreased from 40% to 11.8% 5 years after the introduction of the RRS and the mortality

rate in patients with septic shock decreased from 50% to 10%. As with the one-bundle plan of

the Surviving Sepsis guidelines [22], especially in the case of septic shock, early management

has a decisive effect on the prognosis. Therefore, in this study, it is expected that early resusci-

tation and early goal-directed therapy by a skilled physician in an MET decrease in-hospital

mortality in patients with sepsis and septic shock.

This study has some limitations. First, we investigated the causes of MET activation at the

time of MET acting, so we did not account for the subjects’ additional identified problems or

diagnosis after being transferred to the ICU. We included subjects with septic shock based on

sepsis II definitions. Second, this study was not a before-and-after study—we did not have any

comparable data before MET introduction. As we did not know the in-hospital mortality or

ICU transfer rate before MET introduction, we compared our results with those reported in

other studies instead. Third, this study was conducted in nine tertiary teaching hospitals;

therefore, the subjects had several comorbidities and more severe disease than those in non-

teaching, nontertiary hospitals. Therefore, the results may not be representative of all hospitals.

Nevertheless, this study is meaningful because it demonstrated the well-established physician-

led MET in Korea and is a model for other hospitals that are attempting to introduce the RRS.

Conclusions

The results of this study confirmed high intervention and low ICU transfer rates. We presume

that our MET detects the deterioration of the condition of patients earlier by a screening sys-

tem and begins ICU-level management at the patient’s bedside without delay, eventually pre-

venting the patient’s condition from worsening and transfer to the ICU.

Supporting information

S1 File. Medical emergency team activation criteria of each center.

(DOCX)

S1 Table. Physiological parameters and severity at the time of MET activation.

(DOCX)

Author Contributions

Conceptualization: Su Yeon Lee, Jee Hwan Ahn, Sang-Bum Hong.

Data curation: Su Yeon Lee, Jee Hwan Ahn, Sang-Bum Hong.

Formal analysis: Su Yeon Lee, Jee Hwan Ahn.

Funding acquisition: Sang-Bum Hong.

PLOS ONE MET increases the rate of medical interventions

PLOS ONE | https://doi.org/10.1371/journal.pone.0258221 October 7, 2021 9 / 11

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0258221.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0258221.s002
https://doi.org/10.1371/journal.pone.0258221


Investigation: Su Yeon Lee, Jee Hwan Ahn, Byung Ju Kang, Kyeongman Jeon, Sang-Min Lee,

Dong Hyun Lee, Yeon Joo Lee, Jung Soo Kim, Jisoo Park, Jae Young Moon, Sang-Bum

Hong.

Methodology: Su Yeon Lee, Jee Hwan Ahn, Sang-Bum Hong.

Resources: Su Yeon Lee, Jee Hwan Ahn, Byung Ju Kang, Kyeongman Jeon, Sang-Min Lee,

Dong Hyun Lee, Yeon Joo Lee, Jung Soo Kim, Jisoo Park, Jae Young Moon, Sang-Bum

Hong.

Supervision: Sang-Bum Hong.

Writing – original draft: Su Yeon Lee, Jee Hwan Ahn.

Writing – review & editing: Su Yeon Lee, Jee Hwan Ahn, Sang-Bum Hong.

References
1. Lee A, Bishop G, Hillman KM, Daffurn K. The Medical Emergency Team. Anaesth Intensive Care.

1995; 23(2):183–6. https://doi.org/10.1177/0310057X9502300210 PMID: 7793590

2. Lee YJ, Park JJ, Yoon YE, Kim JW, Park JS, Kim T, et al. Successful Implementation of a Rapid

Response System in the Department of Internal Medicine. Korean Journal of Critical Care Medicine.

2014; 29(2).

3. Lee BY, Hong SB. Rapid response systems in Korea. Acute Crit Care. 2019; 34(2):108–16. https://doi.

org/10.4266/acc.2019.00535 PMID: 31723915

4. Lim SY, Park SY, Park HK, Kim M, Park HY, Lee B, et al. Early impact of medical emergency team

implementation in a country with limited medical resources: a before-and-after study. J Crit Care. 2011;

26(4):373–8. https://doi.org/10.1016/j.jcrc.2010.08.019 PMID: 21036527

5. Ahn JH, Jung YK, Lee JR, Oh YN, Oh DK, Huh JW, et al. Predictive powers of the Modified Early Warn-

ing Score and the National Early Warning Score in general ward patients who activated the medical

emergency team. PLoS One. 2020; 15(5):e0233078. https://doi.org/10.1371/journal.pone.0233078

PMID: 32407344

6. Devita MA, Bellomo R, Hillman K, Kellum J, Rotondi A, Teres D, et al. Findings of the first consensus

conference on medical emergency teams. Critical care medicine. 2006; 34(9):2463–78. https://doi.org/

10.1097/01.CCM.0000235743.38172.6E PMID: 16878033

7. Hillman K, Chen J, Cretikos M, Bellomo R, Brown D, Doig G, et al. Introduction of the medical emer-

gency team (MET) system: a cluster-randomised controlled trial. The Lancet. 2005; 365(9477):2091–7.

https://doi.org/10.1016/S0140-6736(05)66733-5 PMID: 15964445

8. Jones D, George C, Hart GK, Bellomo R, Martin J. Introduction of medical emergency teams in Australia

and New Zealand: a multi-centre study. Crit Care. 2008; 12(2):R46. https://doi.org/10.1186/cc6857

PMID: 18394192

9. Salvatierra G, Bindler RC, Corbett C, Roll J, Daratha KB. Rapid response team implementation and in-

hospital mortality*. Critical care medicine. 2014; 42(9):2001–6. https://doi.org/10.1097/CCM.

0000000000000347 PMID: 24743041

10. Jung B, Daurat A, De Jong A, Chanques G, Mahul M, Monnin M, et al. Rapid response team and hospi-

tal mortality in hospitalized patients. Intensive care medicine. 2016; 42(4):494–504. https://doi.org/10.

1007/s00134-016-4254-2 PMID: 26899584

11. Lyons PG, Edelson DP, Carey KA, Twu NM, Chan PS, Peberdy MA, et al. Characteristics of Rapid

Response Calls in the United States: An Analysis of the First 402,023 Adult Cases From the Get With

the Guidelines Resuscitation-Medical Emergency Team Registry. Critical care medicine. 2019; 47

(10):1283–9. https://doi.org/10.1097/CCM.0000000000003912 PMID: 31343475

12. Chan PS, Khalid A, Longmore LS, Berg RA, Kosiborod M, Spertus JA. Hospital-wide code rates and

mortality before and after implementation of a rapid response team. Jama. 2008; 300(21):2506–13.

https://doi.org/10.1001/jama.2008.715 PMID: 19050194

13. Al-Omari A, Al Mutair A, Aljamaan F. Outcomes of rapid response team implementation in tertiary pri-

vate hospitals: a prospective cohort study. Int J Emerg Med. 2019; 12(1):31. https://doi.org/10.1186/

s12245-019-0248-5 PMID: 31666005

PLOS ONE MET increases the rate of medical interventions

PLOS ONE | https://doi.org/10.1371/journal.pone.0258221 October 7, 2021 10 / 11

https://doi.org/10.1177/0310057X9502300210
http://www.ncbi.nlm.nih.gov/pubmed/7793590
https://doi.org/10.4266/acc.2019.00535
https://doi.org/10.4266/acc.2019.00535
http://www.ncbi.nlm.nih.gov/pubmed/31723915
https://doi.org/10.1016/j.jcrc.2010.08.019
http://www.ncbi.nlm.nih.gov/pubmed/21036527
https://doi.org/10.1371/journal.pone.0233078
http://www.ncbi.nlm.nih.gov/pubmed/32407344
https://doi.org/10.1097/01.CCM.0000235743.38172.6E
https://doi.org/10.1097/01.CCM.0000235743.38172.6E
http://www.ncbi.nlm.nih.gov/pubmed/16878033
https://doi.org/10.1016/S0140-6736%2805%2966733-5
http://www.ncbi.nlm.nih.gov/pubmed/15964445
https://doi.org/10.1186/cc6857
http://www.ncbi.nlm.nih.gov/pubmed/18394192
https://doi.org/10.1097/CCM.0000000000000347
https://doi.org/10.1097/CCM.0000000000000347
http://www.ncbi.nlm.nih.gov/pubmed/24743041
https://doi.org/10.1007/s00134-016-4254-2
https://doi.org/10.1007/s00134-016-4254-2
http://www.ncbi.nlm.nih.gov/pubmed/26899584
https://doi.org/10.1097/CCM.0000000000003912
http://www.ncbi.nlm.nih.gov/pubmed/31343475
https://doi.org/10.1001/jama.2008.715
http://www.ncbi.nlm.nih.gov/pubmed/19050194
https://doi.org/10.1186/s12245-019-0248-5
https://doi.org/10.1186/s12245-019-0248-5
http://www.ncbi.nlm.nih.gov/pubmed/31666005
https://doi.org/10.1371/journal.pone.0258221


14. White K, Scott IA, Bernard A, McCulloch K, Vaux A, Joyce C, et al. Patient characteristics, interventions

and outcomes of 1151 rapid response team activations in a tertiary hospital: a prospective study. Intern

Med J. 2016; 46(12):1398–406. https://doi.org/10.1111/imj.13248 PMID: 27600063

15. Shappell C, Snyder A, Edelson DP, Churpek MM, American Heart Association’s Get With The Guide-

lines-Resuscitation I. Predictors of In-Hospital Mortality After Rapid Response Team Calls in a 274 Hos-

pital Nationwide Sample. Critical care medicine. 2018; 46(7):1041–8. https://doi.org/10.1097/CCM.

0000000000002926 PMID: 29293147

16. Tirkkonen J, Tamminen T, Skrifvars MB. Outcome of adult patients attended by rapid response teams:

A systematic review of the literature. Resuscitation. 2017; 112:43–52. https://doi.org/10.1016/j.

resuscitation.2016.12.023 PMID: 28087288

17. Maharaj R, Raffaele I, Wendon J. Rapid response systems: a systematic review and meta-analysis. Crit

Care. 2015; 19:254. https://doi.org/10.1186/s13054-015-0973-y PMID: 26070457

18. Vincent JL, Jones G, David S, Olariu E, Cadwell KK. Frequency and mortality of septic shock in Europe

and North America: a systematic review and meta-analysis. Crit Care. 2019; 23(1):196. https://doi.org/

10.1186/s13054-019-2478-6 PMID: 31151462

19. Bauer M, Gerlach H, Vogelmann T, Preissing F, Stiefel J, Adam D. Mortality in sepsis and septic shock

in Europe, North America and Australia between 2009 and 2019- results from a systematic review and

meta-analysis. Crit Care. 2020; 24(1):239. https://doi.org/10.1186/s13054-020-02950-2 PMID:

32430052

20. Arabi YM, Al-Dorzi HM, Alamry A, Hijazi R, Alsolamy S, Al Salamah M, et al. The impact of a multiface-

ted intervention including sepsis electronic alert system and sepsis response team on the outcomes of

patients with sepsis and septic shock. Ann Intensive Care. 2017; 7(1):57. https://doi.org/10.1186/

s13613-017-0280-7 PMID: 28560683

21. Sebat F, Musthafa AA, Johnson D, Kramer AA, Shoffner D, Eliason M, et al. Effect of a rapid response

system for patients in shock on time to treatment and mortality during 5 years. Critical care medicine.

2007; 35(11):2568–75. https://doi.org/10.1097/01.CCM.0000287593.54658.89 PMID: 17901831

22. Rhodes A, Evans LE, Alhazzani W, Levy MM, Antonelli M, Ferrer R, et al. Surviving Sepsis Campaign:

International Guidelines for Management of Sepsis and Septic Shock: 2016. Intensive care medicine.

2017; 43(3):304–77. https://doi.org/10.1007/s00134-017-4683-6 PMID: 28101605

PLOS ONE MET increases the rate of medical interventions

PLOS ONE | https://doi.org/10.1371/journal.pone.0258221 October 7, 2021 11 / 11

https://doi.org/10.1111/imj.13248
http://www.ncbi.nlm.nih.gov/pubmed/27600063
https://doi.org/10.1097/CCM.0000000000002926
https://doi.org/10.1097/CCM.0000000000002926
http://www.ncbi.nlm.nih.gov/pubmed/29293147
https://doi.org/10.1016/j.resuscitation.2016.12.023
https://doi.org/10.1016/j.resuscitation.2016.12.023
http://www.ncbi.nlm.nih.gov/pubmed/28087288
https://doi.org/10.1186/s13054-015-0973-y
http://www.ncbi.nlm.nih.gov/pubmed/26070457
https://doi.org/10.1186/s13054-019-2478-6
https://doi.org/10.1186/s13054-019-2478-6
http://www.ncbi.nlm.nih.gov/pubmed/31151462
https://doi.org/10.1186/s13054-020-02950-2
http://www.ncbi.nlm.nih.gov/pubmed/32430052
https://doi.org/10.1186/s13613-017-0280-7
https://doi.org/10.1186/s13613-017-0280-7
http://www.ncbi.nlm.nih.gov/pubmed/28560683
https://doi.org/10.1097/01.CCM.0000287593.54658.89
http://www.ncbi.nlm.nih.gov/pubmed/17901831
https://doi.org/10.1007/s00134-017-4683-6
http://www.ncbi.nlm.nih.gov/pubmed/28101605
https://doi.org/10.1371/journal.pone.0258221

