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Summary

AIMS OF THE STUDY: To describe reasons for medical 
emergency team (MET) activation over time, to analyse 
outcomes, and to describe the circadian distribution of 
MET calls and Intensive Care Unit (ICU) admissions fol-
lowing MET activation.

METHODS: Monocentric retrospective observational 
study of prospectively collected data on all MET calls be-
tween 1st of January 2012 until 31st of May 2019. We 
analysed data on baselines, referring wards, and disposi-
tion of all MET patients. In addition, we allocated all MET 
calls to the hourly intervals over the 24-hour cycle of the 
day in order to identify peak times of team activation.

RESULTS: A total of 4068 calls in 3277 patients (37% fe-
male, n = 1210) were analysed. The mean age was 65.9 
years (± 15.7). The MET dose (defined as MET calls/ 
1000 hospital admissions) remained relatively stable over 
the years with a median of 8.0 calls/1000 hospitalisations 
(interquartile range [IQR] 7.0–10.0). A total of 2526 calls 
(62%) occurred out of hours (17:00 to 8:00). The hourly 
rate of MET activations was greatest during the evening 
shift (33.8% of calls in seven hours), followed by the day 
shift (35.8% calls in nine hours) and night shift (30.4% in 
eight hours). Over the years, staff concern was the main 
reason for a MET call (n = 1192, 34%), followed by low pe-
ripheral oxygen saturation (SpO2) not responding to oxy-

gen therapy (n = 776, 22%). Abnormal respiratory rate 
was a trigger to call the MET in 44 cases (1.3%), and was 
not documented prior to 2017. Overall, in-hospital mortali-
ty was 22%.

CONCLUSION: While most common reasons for MET 
calls over the years were staff concern and low SpO2, 
abnormal respiratory rate was the least frequent, but in-
creased after the introduction of the quick sequential or-
gan failure assessment (qSOFA) in 2016. Most MET calls 
occurred out of hours with peak hours during the evening 
shift, highlighting the importance of resource allocation 
during this shift when planning to introduce a MET system 
in a hospital. In-hospital mortality after a MET call was 
22%.

Introduction

In October 2009, the University Hospital Bern, Inselspital,
was the first tertiary care centre in Switzerland to introduce
a medical emergency team (MET), aiming to deliver crit-
ical care expertise at the bedside of deteriorating patients
[1, 2]. The concept of the MET dates back to the nineties,
when Lee and colleagues introduced a MET complemen-
tary to the cardiac arrest team in order to prevent irre-
versible metabolic and organ failure [3, 4]. Since then,
MET or rapid response systems have been widely accepted
and established in modern hospitals as a way to improve
patients’ safety and outcome [5]. Many centres with rapid
response systems use dedicated trigger scores to improve
the detection of deteriorating patients, so-called early
warning scores [6–8]. Such scoring systems increase the
number of MET calls and decrease numbers of cardiac ar-
rests and in-hospital mortality [9]. Some authors even sug-
gest automated electronic notification systems to minimize
afferent limb failure (failure to promptly recognise patient
deterioration or activate the MET in response to it) [10].
However, such an approach might increase the number of
inappropriate MET calls, imposing a significant burden on
the MET itself. Our MET system allows for every staff
member involved in patient care to call the MET and us-
es the vital sign score, a set of validated physiological pa-
rameters, as guidance to seek assistance of the MET in
case of an impending deterioration [1, 11]. There are sev-
eral studies describing the epidemiology of METs in other
health care systems [2, 12–14], as well as the circadian dis-
tribution of MET activation [15, 16], however in Switzer-
land MET activation and the epidemiology of patients re-
ceiving MET calls is largely unknown. In addition, in the
last decade, intensive care unit (ICU) and hospital admis-
sions in our institution have increased, as has the propor-
tion of multimorbid patients treated in the ICU in Europe
[17]. Therefore, the aim of this retrospective observational
study was to describe the reasons for MET calls over time,
to analyse outcomes, and to describe the circadian distrib-
ution of MET calls and ICU admissions.

Materials and methods

In this study, we analysed data collected on all MET calls
between first of January 2012 until the 31st of May 2019.
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Some data have previously been published in an analysis
by our institution, which reviewed process parameter to es-
tablish the prognostic significance of antecedents of MET
calls on patient outcomes in the context of MET calls and
was performed between 2009 and 2013 [1]. The study was
approved by the Ethical Committee on human research of
the Canton of Bern (EC approval no.: 2019-01260) and ad-
heres to the tenets of the Declaration of Helsinki. Patient
consent was waived by the Ethical Committee, however
we excluded all patients with documented written refusal
of the general consent. Study reporting complies with the
“STrengthening the Reporting of OBservational studies in
Epidemiology (STROBE)” guidelines [18].

Objectives

The primary objective of this study was to describe the rea-
sons for MET calls and outcomes over time. Secondary ob-
jectives were to describe the circadian distribution of MET
calls and ICU admissions, the reasons for MET calls in
the overall population, distribution of referring wards over
time and the diagnosis category leading to the MET call.

Data collection

All data on date and time of MET event, baseline char-
acteristics of the patient, vital sings at the beginning and
end of each MET call, outcome of the MET event (death
or alive), disposition (ICU, intermediate care [IMC], emer-
gency department, operation theatre or ward), and diagno-
sis are routinely collected at the time of the event by the
responsible attending physician, and entered prospective-
ly into a MET database by research staff. Reasons for the
MET call are documented by choosing one of the MET
calling criteria described below [11]. Each MET event is
attributed to a diagnosis group by the respective MET
physician. In the interest of study purposes additional data

Figure 1: STROBE flowchart.

on mortality, length of hospital and ICU stay were ex-
tracted from the hospital patient administration system and
merged with the MET database before analysis.

Definitions

Organisation

The University Hospital of Bern, Switzerland, is a 900-bed
tertiary academic centre with a mixed 36 bed ICU, and
26 IMC beds. We have a large general internal department
with several wards, as well as wards for all internal and
surgical subspecialties (e.g. nephrology, oncology, or-
thopaedics, visceral surgery, etc.). We tagged patients from
all non-surgical specialties as “medical”, and surgical sub-
specialties as “surgical”.

MET

Our MET is staffed by a board certified intensivist and an
accredited intensive care nurse and is available 24/7 every-
where in the hospital, except in the emergency department,
on paediatric wards and inside operating theaters [1]. The
vital sign score criteria consist of threatened airway, res-
piratory rate <6/min or >35/min, peripheral oxygen satu-
ration (SpO2) <90% despite supplemental oxygen, systolic
blood pressure <90 mm Hg, heart rate <40/min or >140/
min, Glasgow coma scale score (GCS) <13/15 or a drop by
≥2 points, and repeated or prolonged (>5 minutes) seizure.
In addition, our MET calling criteria include a “concern”
criterion as a fall-back position for hospital staff if their
concern about a patient’s well-being does not meet the
physiological criteria [19]. The MET dose is defined as
number of MET calls per 1000 hospital admissions [20].

Shifts

Nursing shifts were defined as: day shift 7:00 to 15:59,
evening shift 16:00 to 22:59 and night shift 23:00 to 6:59.
Doctors’ day shifts on duty were defined as 8:00 to 16:59;
accordingly out of hours was 17:00 to 7:59.

Statistical analysis

Normal distribution of continuous variables were tested
with the Shapiro-Wilk test. Normally distributed variables
are presented as mean ± standard deviation. Skewed or in-
terval and ordinal variables are presented as medians with
interquartile ranges (IQRs). All MET calls were allocated
to the hourly intervals over the 24-hour cycle of the day
based on the time of activation. Comparisons of categori-
cal variables were be performed using Pearson’s chi-square
test or Fisher’s exact test for two groups, and the Kruskal-
Wallis rank sum test for the comparison of three groups
[4]. Statistical analyses were performed with R (R Studio,
PBC, Version 1.4.1106).

Ethics approval and consent to participate

The study was approved by the Ethics Committee on hu-
man research of the Canton of Bern (EC no.: 2019-01260)
and adheres to the tenets of the Declaration of Helsinki,
and individual informed consent was waived by the ethics
committee.
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Results

From 1 January 2012 to 31 May 2019, a total number
of 4459 MET calls were documented, involving 3627 pa-
tients. After excluding patients with documented written
refusal, a total of 4068 calls involving 3277 patients re-
mained in the final analysis set (see fig. 1), of whom 37%
were female (n = 1210). The mean age was 65.9 (±15.7
years. Mean age increased over time (see fig. 4). About
one in ten patients requiring a MET call was initially hos-
pitalised in the ICU (n = 366 patients, 9.1%), whereof 180
were re-admitted to the ICU via MET. A total of 581 pa-
tients (17.7%) had more than one MET call (range 2–7)
and in 24 patients, the MET calls occurred during the same
hospitalisation. Median time between those MET calls was
119.4 hours (IQR 48.5–360.5). Only 0.2% of all calls (9/
4068) were repeat MET calls in patients left on the ward
who were then admitted to the ICU.

MET calls: number and times

The mean number of MET calls per month was 49.2
(±11.7), and increased from 35.8 calls per month in 2012
to 58.8 calls per month in 2019. The total number of hos-
pital admissions increased from 55,029 in 2012 to 86,905
in 2018. The MET dose remained relatively stable over
the years, with a median of 8.0 calls/1000 hospitalisations
(IQR 7.0–10.0). A total of 2526 calls (62%) occurred out
of hours (between 5 pm and 8 am). Peak MET activation
hours were noted during the evening shift: 1375 calls
(33.8%) were documented during the 7-hour evening shift
(mean 196.4 calls/hours), 1238 calls (30.4%) during the
8-hour night shift (mean 154.8 calls/hour), 1455 calls
(35.8%) during the 9-hour day shift (mean 161.7 calls/
hour) (fig. 2).

Reasons for MET calls

The reason for MET activation was reported for 3473 pa-
tients (85.4%). The most common reason was “staff con-
cern” for any reason, in 1192 calls (34%). In 64.8% (n
= 760) of those cases, the patient could be managed on
the ward, 30.7% were transferred to the ICU, and 52 calls
(4.4%) were transferred to IMC. The second most common
cause for a MET call was low SpO2 refractory to oxygen
therapy, in 776 calls (22%) whereof in 61.6% calls (n =
478) the patients had to be admitted to intensive care. The
respiratory rate was reason for 44 (1.3%) of calls. Half of
the patients with an abnormal respiratory rate had a rate
above 35/min (n = 24, 54.6%), one had a rate <6/min, and
the majority had a rate above 22/min (n = 38, 86.4%). The
reasons for MET calls remained similar over the years,
apart from the respiratory rate, which was first document-
ed in 2017 and was the reason in 6.8% of calls in 2019 (fig.
3).

Diagnosis categories

In 997 (24.5%) cases, the main cause for deterioration was
respiratory (e.g. pneumonia, respiratory distress, aspira-
tion). Sepsis and septic shock was the main cause in 743
cases (18.2%) and in 728 cases (17.9%) the event was cat-
egorised as cardiovascular.

Distribution of wards

The majority of MET calls (2514, 61.7%) were for patients
on medical wards, whereas 1554 (38.2%) calls were doc-
umented in surgical wards. Most of the MET calls were
for patients admitted to a general internal ward (n = 831
calls, 20%), visceral surgery and gastroenterology (n = 545
calls, 13%), oncology (396 calls, 9.7%), orthopaedics (n =

Table 1:
Baselines and outcomes according to nursing shifts.

N* Overall (n =
4068) 1

Shift p-value2

Day (n = 1494)
1

Evening (n =
1336) 1

Night (n =
1238) 1

Age 3277┼ 65.9 (15.7) 65.0 (15.8) 65.4 (15.8) 67.5 (15.5) <0.001

Sex (female) 3277** 1210 (37%) 457 (39%) 380 (35%) 373 (37%) 0.2

BMI 2679** 25.5 (22.3,
29.2)

25.3 (21.9,
29.2)

25.6 (22.5,
29.3)

25.7 (22.3,
29.2)

0.3

LOS (days) 4068 16 (9, 30) 17 (9, 31) 16 (8, 29) 17 (9, 30) 0.077

MET response time (min)┼┼┼ 4068 5 (0–374) 5 (0–374) 5 (0–150) 5 (0–185) 0.004

MET duration (min) 4068 25 (15, 30) 25 (16, 33) 23 (15, 30) 23 (15, 30) <0.001

Ward 4068 0.045

– Medical 2514 (62%) 932 (62%) 851 (64%) 731 (59%)

– Surgical 1554 (38%) 562 (38%) 485 (36%) 507 (41%)

Disposition 4,059

– Remained on ward 1993 (49%) 652 (45%) 685 (52%) 656 (53%) <0.001

– Intensive care 1871 (46%) 735 (50%) 586 (44%) 550 (44%) 0.007

– Intermediate care 163 (4.0%) 73 (5.0%) 58 (4.4%) 32 (2.6%) 0.007

– Other (emergency department, operating room) 32 (0.8%) 28 (1.9%) 4 (0.3%) 0 (0%) –

Outcome

– 24-hour mortality 3277** 225 (5.5%) 87 (5.8%) 52 (3.9%) 86 (6.9%) 0.003

- In hospital mortality 3277** 880 (22%) 332 (22%) 281 (21%) 267 (22%) 0.7

1 Mean (standard deviation); n (%); median (IQR), ┼┼┼ (range)
2 Kruskal-Wallis rank sum test; Pearson's chi-square test; Fisher's exact test * Total of 4068
** Total of 3277 patients

BMI: body mass index; LOS: length of hospital stay; MET: medical emergency team
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391 calls, 9.6%) and cardiovascular surgery (n = 291 calls,
7.2%).

Disposition

After the evaluation by the MET, in 1993 (49%) cases the
patients remained on the ward, in 1871 (46%) cases the pa-
tients required ICU admission and in 163 (4%) cases the

patients were admitted to IMC. In 32 calls, patients were
referred to another department (e.g. emergency department
for further assessment, operation theatre) and in 9 cases
the data were missing. The rate of patients admitted to
ICU was significantly higher during the day shift (n = 735,
49%), compared with the evening (n = 586, 44%) or night
shift (n = 550, 44%; p = 0.007).

Figure 2: MET calls by hour of the day.Dark grey line: All MET calls; light grey line: MET calls on medical wards; dotted line: MET calls on sur-
gical wards. Blue shades: half hour before and after nursing shift changes, red arrows indicate beginning and end of doctors’ day shifts (8 am
to 5 pm), blue horizontal line: average of calls.

Figure 3: Reason for medical emergency team calls over time.Oxygen saturation: <90% despite supplemental oxygen; systolic blood pres-
sure: <90 mm Hg; Glasgow coma scale (GCS): <13/15 or a drop by ≥2 points; heart rate: <40/min or >140/min; seizure: repeated or 
prolonged (>5 min); respiratory rate: <6/min or >35/min.
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Mortality

The 24-hour mortality after a MET call was 5.7% and in-
hospital mortality was 22%. Twenty-four-hour mortality
increased over time (see fig. 4) and was significantly high-
er during night shifts (7.1%) than during evening (3.8%) or
day shifts (6.3%; p = 0.03). In our cohort, in only 559 (14
%) cases there was a “do not resuscitate” (DNR) order in
place.

Discussion

Over a period of 7 years, the number of MET calls in our
institution increased from 35.8 calls per month in 2012
to 58.8 calls per month in 2019, but the “MET dose” re-
mained relatively constant at 8.0 calls/1000 hospitalisa-
tions. The most frequent reasons for a MET call were staff
concern, low SpO2, and decrease in GCS. MET calls oc-
curred predominantly on general medical wards. Although
one in five patients died in hospital after a MET call,
24-hour mortality was low (5%), and increased during
night shifts. The higher mortality during the night-shifts is
unclear. However, patients who receive MET calls at night
are older, and it may be that they have limitation of care in
place. In addition, older patients tend to be underestimat-
ed regarding the acuity of their conditions which may in-
fluence the disposition decision [45]. In-hospital mortality

was 22% and is comparable to other studies on rapid re-
sponse systems and our previous study [1, 14, 21]. Howev-
er, we noticed a decrease in mortality in 2018. The reason
for this observation remains unclear (due to the observa-
tional nature of our analysis).

Previous data show a vast variation of MET dose, ranging
from 3 to 149/1000 hospitalisations depending on health-
care systems and regions [8, 22–27]. One reason for the
variation in numbers might be the definition and role of the
MET; in some hospitals, MET and resuscitation teams are
the same team, and in other centres, such as ours, the MET
is different from the resuscitation team, and therefore the
MET dos not attend cardiac arrests. Another reason might
be that our calling criteria might be less stringent than in
other healthcare systems, where a change in scores rather
than an individual vital sign triggers an escalation to the
MET (e.g. the National Early Warning Score – NEWS – in
the UK [28, 29]). Our data seem in line with those report-
ed from Japan and Sweden, with MET doses of 6.6/1000
hospitalisations, and 11/1000 hospitalisations, respectively
[27, 30].

Most MET calls were activated on medical wards (62%),
and only a third were attributed to surgical wards. This
seems in line with the literature, where studies report a two
thirds / one third ratio in MET referrals from medical and
surgical units [31]. Therefore, when planning to introduce

Figure 4: Mortality and age of patients triggering ing MET calls over time.
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a MET system, these may be the units were it could be
worthwhile to establish the MET system with priority.

We noted a considerable increase in MET calls in the
morning after nursing handover. This could theoretically
be due to reduced routine observations performed during
the night time, but exact reasons remain speculative. Ap-
proximately 60% of our MET calls were activated between
out-of-hours (5 pm to 8 am), when fewer senior doctors are
present [4, 32], which was also observed in a study by Bel-
lomo et al. [9]. However, a majority of patients seen out-of-
hours remained on wards, whereas more patients were ad-
mitted to the ICU during daytime. This might support the
theory that more calls are made when wards are covered
by junior doctors. As seen in figure 2, in the evening, the
number of MET calls are above mean hourly rate. This has
important implications for resource allocation to the MET
service during the evening shifts.

The majority of MET calls were due to staff’s concern re-
garding patient well-being. This is well in line with a previ-
ous data analysis from the same hospital, where most calls
were due to concern [1]. This criterion subsumes not only
the subjective concern about a potential deterioration, but
also signs and symptoms that don’t fit into any category
of the vital sign score, such as agitation, delirium, uncon-
trollable pain or acute chest pain. All of these symptoms
might have a potential life-threatening underlying cause
and, therefore, it seems important not to limit MET acti-
vation only to patients fitting into a vital sign score, such
as NEWS or MEWS [8, 29, 33–35]. Accordingly, the cri-
terion “staff concern” has been reported to be the most fre-
quent reason for MET calls in other studies [36, 37]. How-
ever, sociocultural reasons may prevent worried staff from
calling the MET when indicated. One study on incidence
and factors behind failure to activate the rapid response
team revealed that the majority of the bedside staff on the
ward was aware of the deterioration and concerned about
the patient. One of the main barriers for calling the MET
was a feeling that they should be able to manage patients
by themselves on the ward [38]. Therefore, including the
criterion “staff concern” is one step to break down this bar-
rier.

The low rate of MET calls due to abnormal respiratory
rate suggests that this is still under-recorded on hospital
wards [30]. Studies have shown that the introduction of
a MET system was associated with improvement in the
rate of documentation of vital signs [40]. Interestingly, we
observed increasing rates of MET calls due to an abnor-
mal respiratory rate after 2017 (fig. 3), the year after the
publication of the third international consensus definition
for sepsis and septic shock (Sepsis-3) in 2016 [41], which
promoted the use of the quick sequential organ failure as-
sessment (qSOFA). This abbreviated score contains altered
mental state and systolic blood pressure in addition to res-
piratory rate as diagnostic criteria. It is conceivable that the
qSOFA score led to an increased awareness of abnormal
respiratory rate as a key predictor of adverse events [42,
43]. This is also reflected by the fact that the majority of
patients with a MET call due to abnormal respiratory rate
had a rate of above 22/min, and not according to our call-
ing criteria (>35/min).

Importantly, our MET and ICU has 24/7 board-certified in-
tensivist staffing, which on one hand could positively in-

fluence the outcome. On the other hand, as a large tertiary
academic hospital, we treat a high volume of highly com-
plex patients with greater illness severity and thus high-
er risk of detrimental outcome. In our population, only a
minority of patients had treatment limitations prior to the
MET call. This might simply reflect a selection bias, as
we might get less involved in patients with advanced di-
rectives and clear treatment limitations. However, a pre-
vious study has revealed that a third of the limitation of
medical therapy (LOMT) or do-not-resuscitate (DNR) de-
cisions are taken in close conjunction to a MET review.
Moreover, treatment limitations do not preclude repeated
MET reviews [44]. This suggests that MET teams appear
to be often involved in LOMT decisions and may indicate
a need to support wards in charge of patients at the end of
life.

Strengths and limitations

To our knowledge, this is the largest analysis of MET calls
in Switzerland. We report detailed, large-scale information
on prospectively recorded MET calls and our results pro-
vide important information on the most frequent trigger
criteria, key reasons for clinical deterioration and patient
outcomes. Such data seem important for resource alloca-
tion and staffing models for hospitals with similar services.

However, the present retrospective observational study has
limitations, as it is purely descriptive (by nature of the
study design). In addition, it is a single centre study, and
therefore lacks generalisability. Further, although the pa-
tient’s DNR status was available, we could not obtain in-
formation on advanced directives concerning intensive
care admission. In addition, our MET calls are recorded on
a written report form filled out by the physician who at-
tends the call, which could lead to data transmission errors,
as well as missed documentation of MET calls. However,
according to our documentation, the MET dose stayed rela-
tively constant over the years, suggesting stable adherence
to reporting.

Conclusions

In our cohort, patients reviewed by the MET had an in-hos-
pital mortality of 22%. While the most common reasons
for a MET call over the years were staff concern and low
oxygen saturation, abnormal respiratory rate was the least
frequent among the calling criteria and only gained recog-
nition after the introduction of the qSOFA in 2016. Most
MET service activation were observed during evening
shifts, highlighting the importance of proper resource allo-
cation in respective shifts. Most MET calls occurred in pa-
tients admitted to medical wards.
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