Olsen et al. BMC Health Services Research (2023) 23:179 BMC Health Services Research
https://doi.org/10.1186/512913-023-09159-3

Check for
updates

Reduction in omission events after
implementing a Rapid Response System:
a mortality review in a department

of gastrointestinal surgery

Siri Lerstal Olsen'?", Bjorn S Nedrebg?, Kristian Strand*, Eldar Sereide®®, Jan Terje Kvalgy”® and Britt Szetre Hansen'”

Abstract

Background Hospitals worldwide have implemented Rapid Response Systems (RRS) to facilitate early recognition
and prompt response by trained personnel to deteriorating patients. A key concept of this system is that it should
prevent ‘events of omission, including failure to monitor patients’vital signs, delayed detection, and treatment of
deterioration and delayed transfer to an intensive care unit. Time matters when a patient deteriorates, and several
in-hospital challenges may prevent the RRS from functioning adequately. Therefore, we must understand and address
barriers for timely and adequate responses in cases of patient deterioration. Thus, this study aimed to investigate
whether implementing (2012) and developing (2016) an RRS was associated with an overall temporal improvement
and to identify needs for further improvement by studying; patient monitoring, omission event occurrences,
documentation of limitation of medical treatment, unexpected death, and in-hospital- and 30-day mortality rates.

Methods We performed an interprofessional mortality review to study the trajectory of the last hospital stay of
patients dying in the study wards in three time periods (P1, P2, P3) from 2010 to 2019. We used non-parametric
tests to test for differences between the periods. We also studied overall temporal trends in in-hospital- and 30-day
mortality rates.

Results Fewer patients experienced omission events (P1: 40%, P2: 20%, P3: 11%, P=0.01). The number of
documented complete vital sign sets, median (Q1,Q3) P1: 0 (0,0), P2: 2 (1,2), P3:4 (3,5), P=0.01) and intensive care
consultations in the wards (P1: 12%, P2: 30%, P3: 33%, P=0.007) increased. Limitations of medical treatment were
documented earlier (median days from admission were P1: 8, P2: 8, P3: 3, P=0.01). In-hospital and 30-day mortality
rates decreased during this decade (rate ratios 0.95 (95% Cl: 0.92-0.98) and 0.97 (95% Cl: 0.95-0.99)).

Conclusion The RRS implementation and development during the last decade was associated with reduced
omission events, earlier documentation of limitation of medical treatments, and a temporal reduction in the
in-hospital- and 30-day mortality rates in the study wards. The mortality review is a suitable method to evaluate an
RRS and provide a foundation for further improvement.
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Background

Although most hospital deaths result from severe ill-
ness or injury, hospital mortality is still a quality indica-
tor because some deaths may result from patient harm
[1]. Patient harm or adverse events (AE) can be defined
as “unintended injuries among hospitalised patients that
result in disability, death or prolonged hospital stay, and
are caused by healthcare management” [2]. The Global
Trigger Tool is a commonly used tool to identify and
report adverse events in hospitals [3]. Care not delivered,
‘omission events; is found to be better detected by patient
record reviews [4].

A voiced patient safety concern is the inadequate moni-
toring and follow-up of deteriorating patients in hospital
wards [5]. Hospitals worldwide have implemented RRSs
to remedy this. By concept, an RRS supports healthcare
professionals in the early recognition of patient deterio-
ration and securing prompt response by trained person-
nel evaluating and caring for the patient [6]. Thus, central
to the RRS is to help prevent ‘omission events, includ-
ing failure to monitor the patients vital signs, delayed
detection and treatment of deterioration and delayed
ICU transfer. Recent systematic reviews [7-9] found
moderate-strength evidence supporting the notion that
implementing RRS is associated with reduced hospital
cardiopulmonary arrests and hospital mortality.

Time matters when a patient deteriorates and increased
time from deterioration to intervention (RRS activation
and ICU transfer) has been associated with increased
mortality [10], length of stay, and morbidity [10, 11].
However, several in-hospital challenges may prevent the
RRS from functioning adequately [12—14]. Therefore,
we must still work to understand and address barriers
for timely and adequate responses in cases of patient
deterioration.

When evaluating the care provided for deteriorating
patients, it is also important to consider if the patient will
benefit from available medical interventions or transfer
to higher levels of care. Failing to make decisions regard-
ing the limitation of medical treatment (LOMT) can lead
to reduced quality of death [15]. RRS is associated with
increased LOMT and end-of-life discussions [16] to pre-
vent futile interventions in multimorbid, frail, and older
patients [17]. This consideration should be built into a
well-functioning RRS [18, 19].

Retrospective case record reviews, such as mortality
reviews, represent a useful method for studying clinical
practice. Event sequence in a deteriorating patient can
be evaluated through the patient’s clinical records and

charts, helping to identify quality gaps, including omis-
sion events [4, 15, 20]. Therefore, we chose this method
to study deceased patient trajectories in the Department
of Gastrointestinal Surgery (DGS) before and after imple-
menting our hospital RRS.

This study aimed to investigate whether implement-
ing and developing RRS in the DGS was associated with
an overall temporal improvement and identifying needs
for further improvement by studying; patient monitor-
ing, omission event occurrences, LOMT documentation
processes; unexpected death and in-hospital- and 30-day
mortality rates.

Methods
The STROBE -statement checklist for cohort studies was
followed (Supplementary file 1.)

Setting

This study was conducted in a university hospital in Nor-
way, covering a population of approximately 400,000
inhabitants. We chose the two wards (48 beds) of the
DGS where RRS implementation was initiated; as this
patient group is prone to succumb due to complications
from their illnesses or the surgeries performed [21, 22].
The DGS performs most types of gastrointestinal sur-
geries (acute and elective), from hernia and cholecystec-
tomy to colectomy, rectal resection, pancreas, and liver
surgery, but not oesophageal surgery. The intensive care
capacity of the hospital is 2,2 beds / 100 000 inhabitants,
which is considered to be low in an international context
[23].

Process of RRS implementation

Before 2012, the hospital had no clearly defined pro-
cedure for vital-sign monitoring or criteria for when
the nurses should alert the surgeon on duty or contact
the ICU staff directly. In 2012, starting with the DGS,
the study hospital implemented a two-tier RRS (Fig. 1)
inspired by the RRS model at the Karolinska Univer-
sity Hospital, Sweden [24]. From 2014 to 2015, the sys-
tem was implemented throughout the hospital. An RRS
committee led the work and introduced the standard
of a minimum of twice daily vital sign measurements
and single-parameter Medical Emergency Team criteria
(MET-c) (Supplementary file 2), which could trigger an
evaluation by the Medical Emergency Team (MET). The
chart for documenting vital signs was improved (Supple-
mentary File 3). Simultaneously, there was an increase
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Fig. 1 Structure of the local RRS. The limbs of the Rapid Response System. lllustrating the hospitals arrangement of the operative limbs as a two tier

system. Adapted from a systematic review [14]

from one to two nurses in both wards for the night shift.
Otherwise, there was no increase in funding.

In 2016, the RRS was further developed. An electronic
observation- and medication chart (OM-chart), incor-
porating the NEWS (Supplementary file 3), replaced the
paper-based OM-chart and the MET-c. The MET com-
mittee developed a more explicit protocol that replied
to the NEWS for responses and documentation (Supple-
mentary file 2). This response protocol included the call
to decide and document all patients’ LOMT to prevent
overtreatment, ensure better palliative care, and reduce
unnecessary MET calls and ICU transfers. To facilitate
LOMT decisions, the study wards incorporated LOMT
assessments for all patients at a daily whiteboard meet-
ing. This improvement of the RRS was carried out with-
out increase in staff or additional funding.

Design

For the mortality review we chose to compare cases from
three time periods Period 1 (P1), 2010/11; Period 2 (P2),
2014/15; Period 3 (P3), 2018/19). We excluded the RRS
implementation period in 2012-2013 and the period of
transition from single-parameter criteria to the National
Early Warning Score (NEWS) in 2016/2017 (Fig. 2). For
the overall mortality rates, we included all deaths in the
DGS from 2010 to 2019.

Data collection

We collected the data from two main sources; from the
electronic hospital administrative- and medical records
to perform a mortality review and from the regional hos-
pital administrative data to calculate mortality rates.

Inclusion and exclusion criteria
For the mortality review we identified patients who died
during admission to the two study wards during the three
time periods (P1-P3) from the Norwegian electronic
administrative and medical records system (DIPS-EPJ).
Patients registered in the ward for <2 h, were excluded.
We also excluded cases from further analysis when it was
evident from the admission record that all active treat-
ments for the patient’s illness were terminated; thus, the
patient was expected to succumb within a short period
(Fig. 1).

To calculate mortality rates in the study wards, we
included all patients registered as admitted to the study
wards.

The mortality review process

By reviewing electronic health records and OM-charts,
one of the authors (SLO) retrieved the patients’ demo-
graphic data and clinical trajectory during the hospi-
tal stay. Based on this information, an interprofessional
group of reviewers, an anaesthesiologist and inten-
sivist (ES, KS), a specialist in gastrointestinal surgery
(BN), intensive care nurse (BSH), and internal medicine
and emergency medicine physician (SLO) assessed the
patients’ clinical pathway for omission events.

We established the inter-professional review method
(Fig. 3) by conducting two pilot rounds to ensure that
all reviewers were trained to evaluate the records, and in
agreement when defining omission events. Two research-
ers (SLO and BSH) reviewed all included cases before
BN, and KS reviewed selected cases (all patients under-
going surgery or being transferred to the ICU). When the
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Fig. 2 Included patients in three time periods. Overview over included and excluded patients in the three periods ( P1-P3). lllustrating when the RRS

was implemented (2012) and updated (2016)

group found challenging cases or had disagreements, we
reviewed the case again and discussed them until a con-
sensus was reached. The earliest records were reviewed a
second time late in the process to ensure that the method
did not drift during the review period.

Definition of omission events and unexpected death

We considered a case to be ‘failure to monitor’ when
there were considerably fewer vital sign sets documented
than expected when the patient was deteriorating. Fur-
ther, the case was considered to be ‘failure to escalate’
when there was a clear lack of escalation from the nurse
to the patient’s physician (tier 1) or a clear delay or lack of
ICU consultation (MET in P2/P3) including delayed ICU
transfer (tier 2). (Fig. 1) Inspired by Flaatten et al. [25],
we considered deaths to be unexpected when there was
no sign of deterioration in vital signs or description of
deterioration in the patients’ records within 24 h before
death.

Administrative data collection

We retrieved data for all patients admitted to the two
study wards annually from 2010 to 2019 from hospital
administrative data (source: Regional Information Tech-
nology partner) to study the temporal trend in the num-
ber of admittances, and in-hospital and 30-day mortality
rates.

Statistical analysis

We performed the statistical analysis using IBM SPSS
statistics for Windows version 26 and R version 4.1.2
[26]. Chi-Squared tests were used to test for differences
between the three time periods (P1-P3) for categorical
data, with Monte Carlo simulation for data with expected
cell counts less than 5. For continuous data we used the
Kruskal Wallis test. We used a 5% significance level in
all tests. When significant differences between periods
were identified, post-hoc analysis comparing each pair
of periods were done, using a Bonferroni adjustment for
multiple testing. Poisson regression was used to test for
temporal changes in mortality rates. (Tables 1 and 2).
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Results

Mortality review

Patient characteristics

The socio-demographic characteristics and comorbid-
ity [Updated Charlson Comorbidity Index (u-CCI) [27]]
of the deceased patients did not differ in the three time
periods, nor did the type of admittance and whether they
underwent surgery during the hospital stay (Table 1).

Development in patient monitoring and care

RRS introduction significantly increased vital sign moni-
toring and documentation throughout the study time
periods (Table 2). None of the patients had a complete
set of vital signs in P1 because the respiratory rate was
not documented. Furthermore, we found a significant
increase in the number of ICU consultations after intro-
ducing MET. LOMT documentation occurred earlier
during hospitalisation. We found a significant decrease in
the number of patients considered to have one or more
omission events during their hospital stay. The nature
of the omissions changed during the study period, with
fewer problems regarding monitoring and escalation.
Delayed surgery and unexpected deaths were infrequent,
and the number was stable during these periods. Cardiac
arrest alarms trended downward during these periods

without being statistically significant. There were no car-
diac arrest alarms in the cases from 2019.

Temporal trends in admissions and hospital mortality rates
The total annual admittances to the two study wards
increased steadily from 2,973 (2010) to 3,854 (2019).
The proportion of planned admissions remained steady
at approximately 30% during this period. In the same
period, the in-hospital and 30-day mortality rates sig-
nificantly decreased (Fig. 4). This decrease remained
unchanged when adjusting for the average age of the
patients.

Discussion

Summary of major findings

We found that implementing and further developing a
university hospital RRS was associated with a temporal
improvement in the ward care of patients in the DGS.
There was increased systematic vital sign monitoring,
earlier documented LOMT decisions, increased patient
review by the ICU team, and decreased number of omis-
sion events. This was associated with a temporal decrease
in the overall in-hospital- and 30-day mortality rates.
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Table 1 Comparing patient characteristics

P1 P2 P3 p-value
N 76 56 54
Age Median, (Q1, Q3) 77 (64, 78 (72, 77 (70, 0.90

87) 83) 84)
Gender, male N (%) 39(51) 30(54) 30(56) 0.89
u-CCl Median, (Q1, Q3) 2(0,6) 2(0,4) 21,4 0.55
Admitted from N (%)
Home without care 43(57)  32(58) 30(58) 0.39*
Home with care 25(33) 11 (20) 12 (23)
nursing home-short time 4 (5) 6(11) 4 (8)
Nursing home-permanent 2(3) 5(9) 3(6)
Other institution 1(1) 1(2) 3(6)
Type of admittance N (%)
Unplanned 69 (91) 55(98) 52 (96) 0.16*
Planned 709 1(2) 2(4)
LOS days hospital Median 13 (6, 14 (6 11 (6, 0.76
(Q1,Q3) 22) 24) 19)
LOS days study wards 12 (6, 13 (6, 11 (6, 0.81
Median, (Q1,Q3) 21) 22) 19)
Number of Hospital admit- 1 (0, 3) 1(0,3) 1(0,2) 0.48
tances last 12 months
Median, (Q1,Q3)
Surgery performed N (%) 31(41) 2341 18(33) 093
Reoperated one or more 9 (29) 4(17) 6 (33) 0.50*

times N (%)
Statistics:

Continuous data: Kruskal-Wallis test, Categorical data: Chi-squared test. *Chi-
squared test with Monte Carlo simulation.

LOS=Length of stay, u-CCl=updated Charlson Comorbidity Index

Comparison with previous studies

We believe that establishing easily accessible and con-
venient systematic monitoring routines has created an
important foundation for the RRS. Challenges in this fun-
damental limb of the RRS have been frequently reported
in the literature [12, 14]. In an earlier study from this hos-
pital, NEWS availability in the electronic OM-chart (P3)
was reported to make deterioration easier to detect due
to the series of time-registered measures highlighted in
bright colours when vital signs deviate from normal [28].
However, ward patients are not continuously monitored;
therefore, deterioration can occur between intermittent
observations. International research regarding continu-
ous vital sign monitoring outside the ICU to investigate
whether this may improve patient outcomes and be cost-
effective, is ongoing [29]. However, health care profes-
sionals (HCP) report worries about drawbacks, such as
the potential for reduced patient contact and an increase
in inappropriate escalations [30].

We found that failure to escalate seemed to decrease
during the study period. We argue that this may be due
to the increased availability and visibility of documented
vital signs, especially during P3, and the establishment
of a protocol for when to call the MET. However, this is
an area for further improvement. We believe that timely
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escalations must be a focus for continuous attention to
ensure sustainability due to many known challenges [14].
Alarm fatigue is a known challenge when monitoring
patients with serious illnesses and abnormal vital signs
over time [28, 31]. Furthermore, even when nurses or
ward physicians recognise the deterioration, the ward-
culture, and the HCPs earlier experiences of how they are
treated by the MET during escalation may influence fur-
ther action [14, 28]. Resources and ICU capacity are also
known to influence HCP responses to patient deteriora-
tion [14, 28, 32].

The number of patients with LOMT did not change
significantly during the study period, however, the
LOMT was documented earlier in the patients’ hospi-
tal stay. Timely decisions on which medical interven-
tions are suitable for a severely ill patient might prevent
futile and undignified resuscitation events, prevent costly
overtreatment, and make room for appropriate palliative
care [33]. We speculate that earlier LOMT documenta-
tion might have influenced the lower number of car-
diac arrests found during P3 and might have prevented
unnecessary MET calls. In addition, through the review
process, we found an opportunity to improve the qual-
ity of death further through early decision-making and
LOMT documentation.

Studies on hospital mortality often use the term unex-
pected mortality, frequently defined as patients dying
without an LOMT decision [34—36]. With our definition
of unexpected deaths, we found few cases that were con-
sidered unexpected, and a considerably higher number of
patients that died without a written LOMT order. Hospi-
tal implementation of processes related to decision-mak-
ing and LOMT documentation is known to vary [18]. The
difference found in our study, illustrates the importance
of considering how unexpected death is defined. If we
had considered all cases in this study with no LOMT
order as unexpected, we believe this would have repre-
sented the LOMT documenting custom in the depart-
ment at the time rather than actual unexpected deaths.
We argue that a mortality review is a relevant method to
understand whether death is unexpected, providing cru-
cial information about patient trajectory, deterioration
context, and HCP considerations.

Implications for clinicians, hospital leaders and policy
makers

To our knowledge, this is the first study on the impact of
an RRS in the specific vulnerable population of gastroin-
testinal surgery patients. This study shows how an RRS
can mature over time and gradually become more effec-
tive in its purpose, owing to continuous focus and devel-
opment. We believe this study is unique in underlining
how a retrospective patient record review can probe a
hospital RRS, evaluate its impact, and identify strengths
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Table 2 Development in patient monitoring, escalation, LOMT documentation and omission events

P1 P2 P3 Comparison P1vs. Plvs. P2vs.
betweenall P2, P3, P3,
periods, p-value p-value p-value
p-value

Number of patients 76 56 54
*Number of complete vital sign sets/24 h/patient. Median (Q1, Q3) 00, 201, 4@,  <0.001 <0.001 <0.001 <0.001

0) 2) 5)

*Number of simple vital signs sets/24 h/patient Median (Q1, Q3) 2(1, 201, 43, <0.001 0.012 <0.001 <0.001

2) 2) 5)

LOMT documented N (%) 58 42 48 0.15

76)  (76)  (89)

**Days from admission to LOMT Median (Q1, Q3) 84, 8 3(1, 0.011 0.25 0.003 0.09

16) (1,16) 10)

Cardiac arrest alarms N (%) 14 11 3(6) 007

(18)  (20)

ICU-consult in the wards (MET in period 2, 3) N (%) 9(12) 17 18 0.007 0.008 0.003 0.738

B0)  (33)

ICU transfer N (%) 14 16 18 0.14
as (9 (3

Cases with one or more events of omission N (%) 30 11 6(11) 0.01 0.015 <0.001 0216
(40) (20

Types of omissions

Failure to monitor N (%) 20 509 12 <0.001 0.012 <0.001 0.102

(26)

Failure to escalate N (%) 14 7(13) 2(4) 0.043 0.358 0.012 0.092

(18)

Delayed surgery N (%) 23 24 3() 0800
Unexpected deaths N 2(33) 24 0() 0455

Comparing groups, statistics:

Continuous data: Kruskal-Wallis test. Categorical data: Chi-squared test. ®Chi-squared test with Monte Carlo simulation. For the pairwise post-hoc tests,

p-values<0.0167 are considered significant due to the Bonferroni correction.

Complete vital sign set: all vital signs (pulse, O, saturation, resp. frequency, BP) measured at the same period, counted the first complete 24 h stay in the ward.

Simple vital signs set: Minimum one vital sign (pulse, blood pressure, resp. frequency, O, saturation) measured, counted on the first complete 24 h stay in the ward.

*Only 173 patients included, due to two cases with missing charts and 11 patients with <24 h stay.

** of the 149 patients who had a documented LOMT.
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Fig. 4 Temporal trends in in-hospital and 30-day mortality rate. In-hospital mortality rate (deaths / number of admittances): rate ratio 0,95 (95% Cl
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and quality gaps, as omissions are not readily available for
statistics.

Some hospitals have established a system for per-
forming mortality reviews closer in time to the event to
search for improvement opportunities [4]. The recom-
mended quality metrics (including measurement of car-
diac arrests and predictable cardiac arrests, timeliness
of response and critical care interventions and timeli-
ness of goals of care documentation) for evaluating RRS
[37] require hospitals to obtain information embedded
in charts and patient records, which is not easily avail-
able. Continuous work is required to provide automatic
reports on the quality metrics. Valuable reports require
data to be registered and made available for a report-
ing system. We believe retrospective record reviews are
a valuable method to probe the hospital system, as they
provide detailed information about the patients’ trajec-
tories, deterioration context, and healthcare personnel’s
considerations, invaluable for knowing where to put the
effort to ensure continuous improvement. Nevertheless,
studying all patient records and electronic OM-charts is
time consuming. To make this method a sustainable tool
in daily practice, there is a need to examine how patient
clinical data can be made more easily accessible.

Strengths and limitations

Our study of hospital deaths and omission events was
based on retrospective reviews of the hospital records,
providing detailed information about the patients’ cur-
rent hospital stay trajectories. All patients were admit-
ted to the same two wards of gastrointestinal surgery,
contributing to homogeneity of the study population. We
chose to study the population of these two wards only,
as they introduced the RRS at the same time ( 2012) and
started the changes in 2016 at the same time. The other
wards in the hospital introduced the RRS at different
time intervals. The study periods for the mortality review
was also limited to avoid the year of implementation of
changes. This increased the comparability, but also lim-
ited the number of eligible patients. Selection bias was
limited due to few exclusion criteria.

After establishing a review method, the evaluations and
conclusions were performed in a broad interprofessional
consensus to limit the inter-rater disagreement. Two or
more researchers with different clinical backgrounds
studied all cases. A statistician (JTK) was included in
the planning, analysis, and reporting of study findings.
However, hindsight bias and subjectivity are limitations
of this study. All researchers were at the time or earlier
employed at the hospital, which might have made us
more positive in our judgment than an external group
would have been.

Additionally, this gave us an understanding of the con-
text, increasing the consensus credibility. None of the
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reviewers currently worked in the study wards. One of
the reviewers currently work in another hospital. To
increase generalisability, the context, including the local
RRS structure, patient cohorts and the study process is
thoroughly described. The transferability is for the reader
to decide.

Poor documentation of the clinicians’ evaluations was
evident, especially in P1, which might have influenced
our conclusions. Conversely, clearer, and more comple-
mentary decision-making documentation in P3 made
evaluation easier. The infrequent vital sign measures
in P1, might have led us to miss cases that, in reality,
should be determined as ‘failure to rescue’ In this study,
it was challenging to obtain information about the con-
text (staffing, bed occupancy, and available ICU beds). If
the patient record review was performed closer in time,
it would have been possible to obtain more contextual
information when the response to deteriorating patients
was evaluated as delayed. Improvements in the availabil-
ity of diagnostic imaging and surgical methods may have
contributed to decreased mortality rates.

Conclusion

In this study, implementing and further developing an
RRS led to a reduction in omission events such as fail-
ure to monitor and escalate care, earlier LOMT docu-
mentations and was associated with a temporal reduction
in in-hospital and 30-day mortality rates. We found
the interprofessional mortality review to be a suitable
method to evaluate the RRS, providing a foundation for
further improvement.

List of abbreviations

RRS Rapid Response Systems

LOMT Limitation of medical treatment

AE Adverse events

ICU Intensive care unit

MET Medical emergency team

DGS Department of Gastrointestinal Surgery

MET-c Medical Emergency Team criteria

NEWS National early warning score

OM-chart ~ Observation- and medication chart

DIPS-EPJ The Norwegian electronic administrative and medical records
system

P1-3 Period 1-3.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/512913-023-09159-3.

Supplementary Material 1
Supplementary Material 2

Supplementary Material 3

Acknowledgements
We appreciate the help of the Regional Information Technology partner who
provided administrative data for this study. To secure correct English spelling


http://dx.doi.org/10.1186/s12913-023-09159-3
http://dx.doi.org/10.1186/s12913-023-09159-3

Olsen et al. BMC Health Services Research (2023) 23:179

and grammar, the manuscript has been edited, using Editage Author Service,
Expenses covered by Safer Healthcare grant.

Author contribution

All authors were involved in the conceptualisation, methodology, writing and
reviewing of the manuscript. SLO, BSH, KS, BN and ES were involved in the
mortality review process, validation of the method, and consensus evaluation
of the cases. SLO and JTK performed the statistical analysis. SLO prepared all
figures and tables.

Funding
Safer Healthcare Grant (from the University Research Fund), covering salary for
the PhD candidate (SLO) .

Data availability

The original data and material for the mortality review are not available due to
the individual patients privacy. The administrative data sets could be available
from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

Ethical approval for this study was provided by the Regional Committee

for Medical and Health Research Ethics for the Western Health Region in
Norway (REC- West), (reference number 28760). REC- West, waived the need
for informed consent as they considered the study a quality assurance
project. The Hospital Data Protection Officer at the Research Department of
the University Hospital approved the project (reference number 25/2019).
The research project was performed in accordance with the Declaration of
Helsinki.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Quality and Health Technology, Faculty of Health
Sciences, SHARE—Centre for Resilience in Healthcare, University of
Stavanger, Kjell Arholms gate 43, 4036 Stavanger, Norway

’Department of Emergency Medicine, Stavanger University Hospital,
Stavanger, Norway

3Department of Gastrointestinal Surgery, Haukeland University Hospital,
Bergen, Norway

4Depar‘[ment of Intensive Care, Stavanger University Hospital, Stavanger,
Norway

°Faculty of Health Sciences, University of Stavanger, Stavanger, Norway
8Section for Quality and Patient Safety, Stavanger University Hospital,
Stavanger, Norway

'Department of Mathematics and Physics, Faculty of Science and
Technology, University of Stavanger, Stavanger, Norway

8Research Department, Stavanger University Hospital, Stavanger, Norway
“The Research Group for Nursing and Health Care Science, Stavanger
University Hospital, Stavanger, Norway

Received: 12 September 2022 / Accepted: 7 February 2023
Published online: 21 February 2023

References

1. Panagioti M, Khan K, Keers RN, Abuzour A, Phipps D, Kontopantelis E et al.
Prevalence, severity, and nature of preventable patient harm across medical
care settings: systematic review and meta-analysis.BMJ. 2019;366.

2. Smits M, Langelaan M, de Groot J, Wagner C. Examining causes and
Prevention Strategies of adverse events in Deceased Hospital Patients: a
retrospective patient record review study in the Netherlands. J Patient Saf.
2021;17:282-9.

20.

21.

22.

23.

24.

25.

26.

27.

Page 9 of 10

Hibbert PD, Molloy CJ, Hooper TD, Wiles LK, Runciman WB, Lachman P, et

al. The application of the global trigger Tool: a systematic review. Int J Qual
Health Care. 2017;28:640-9.

Huddleston JM, Diedrich DA, Kinsey GC, Enzler MJ, Manning DM. Learning
from every death. J Patient Saf. 2014;10:6-12.

Hogan H, Healey F, Neale G, Thomson R, Vincent C, Black N. Preventable
deaths due to problems in care in English acute hospitals: a retrospective
case record review study. BMJ Qual Saf. 2012;21:737-45.

Hillman KM, Chen J, Jones D. Rapid response systems. Med J Aust.
2014;201:519-21.

Maharaj R, Raffaele |, Wendon J. Rapid response systems: a systematic review
and meta-analysis. Crit Care. 2015;19:254.

Winters BD, Weaver SJ, Pfoh ER, Yang T, Pham JC, Dy SM. Rapid-response
systems as a patient safety strategy: a systematic review. Ann Intern Med.
2013;158:417-25.

Solomon RS, Corwin GS, Barclay DC, Quddusi SF, Dannenberg MD. Effective-
ness of rapid response teams on rates of in-hospital cardiopulmonary

arrest and mortality: a systematic review and meta - analysis. J hosp Med.
2016;11:438-45.

Sankey CB, McAvay G, Siner JM, Barsky CL, Chaudhry SI.“Deterioration to
Door Time": an exploratory analysis of delays in escalation of care for hospital-
ized patients. J Gen Intern Med. 2016;31:895-900.

Barwise A, Thongprayoon C, Gajic O, Jensen J, Herasevich V, Pickering BW.
Delayed Rapid Response Team activation is Associated with increased hos-
pital mortality, morbidity, and length of stay in a Tertiary Care Institution. Crit
Care Med. 2016;44:54-63.

Petersen JA, Mackel R, Antonsen K, Rasmussen LS. Serious adverse events

in a hospital using early warning score - what went wrong? Resuscitation.
2014;85:1699-703.

Niegsch M, Fabritius ML, Anhoj J. Imperfect implementation of an early
warning scoring system in a danish teaching hospital: a cross-sectional study.
PLoS ONE. 2013;8:e70068.

Olsen SL, Soreide E, Hillman K, Hansen BS. Succeeding with rapid response
systems - a never-ending process: a systematic review of how health-care
professionals perceive facilitators and barriers within the limbs of the RRS.
Resuscitation. 2019;144:75-90.

Kobewka DM, van Walraven C, Turnbull J, Worthington J, Calder L,

Forster A. Quality gaps identified through mortality review. BMJ Qual Saf.
2017;26:141-9.

Jones D, Moran J, Winters B, Welch J. The rapid response system and end-of-
life care. Curr Opin Crit Care. 2013;19:616-23.

Smith RL, Hayashi VN, Lee YI, Navarro-Mariazeta L, Felner K. The medical
emergency team call: a sentinel event that triggers goals of care discussion.
Crit Care Med. 2014:42:322-7.

Mockford C, Fritz Z, George R, Court R, Grove A, Clarke B, et al. Do not attempt
cardiopulmonary resuscitation (DNACPR) orders: a systematic review of the
barriers and facilitators of decision-making and implementation. Resuscita-
tion. 2015;88:99-113.

Chen J, Flabouris A, Bellomo R, Hillman K, Finfer S. The Medical Emergency
Team System and not-for-resuscitation orders: results from the MERIT Study.
Resuscitation. 2008;79:391-7.

Sarkar S, Seshadri D. Conducting record review studies in clinical practice. J
Cli Diagn Res. 2014;8.JGO1.

Vester-Andersen M, Lundstrem LH, Mgller MH, Waldau T, Rosenberg J, Maller
AM, et al. Mortality and postoperative care pathways after emergency
gastrointestinal surgery in 2904 patients: a population-based cohort study. BJ
Anaesth. 2014;112:860-70.

Ng ZQ, Weber D. One-Year Outcomes Following Emergency Laparotomy: A
Systematic Review.World J Surg. 2021:1-12.

OECD.org. Intensive care bed capasity 2020 [Available from: https://www.
oecd.org/coronavirus/en/data-insights/intensive-care-beds-capacity.
Konrad D, Jaderling G, Bell M, Granath F, Ekbom A, Martling CR. Reducing
in-hospital cardiac arrests and hospital mortality by introducing a medical
emergency team. Intensive Care Med. 2010;36:100-6.

Flaatten H, Brattebo G, Alme B, Berge K, Rosland JH, Viste A et al. Adverse
events and in-hospital mortality: an analysis of all deaths in a Norwegian
health trust during 2011.BMC Health Serv Res. 2017;17.

Team RC. R: a language and environment for statistical computing. R Founda-
tion for Statistical Computing; 2020.

Quan H, Li B, Couris CM, Fushimi K, Graham P, Hider P, et al. Updating and
validating the Charlson Comorbidity Index and score for Risk Adjustment in


https://www.oecd.org/coronavirus/en/data-insights/intensive-care-beds-capacity
https://www.oecd.org/coronavirus/en/data-insights/intensive-care-beds-capacity

Olsen et al. BMC Health Services Research

28.

29.

30.

32.

33.

(2023) 23:179

Hospital discharge abstracts using data from 6 countries. Am J Epidemiol.
2011;173:676-82.

Olsen SL, Sereide E, Hansen BS. We are not there yet: a qualitative sys-

tem probing study of a Hospital Rapid Response System. J Patient Saf.
2022,18:722-9.

Downey C, Chapman S, Randell R, Brown J, Jayne D. The impact of continu-
ous versus intermittent vital signs monitoring in hospitals: a systematic
review and narrative synthesis. Int J Nurs Stud. 2018,84:19-27.

Prgomet M, Cardona-Morrell M, Nicholson M, Lake R, Long J, Westbrook J,
et al. Vital signs monitoring on general wards: clinical staff perceptions of
current practices and the planned introduction of continuous monitoring
technology. Int J Qual Health Care. 2016;28:515-21.

Bedoya AD, Clement ME, Phelan M, Steorts RC, O'Brien C, Goldstein BA.
Minimal impact of implemented early warning score and best practice alert
for patient deterioration. Crit Care Med. 2019;47:49.

Astroth K, Woith WM, Stapleton SJ, Degitz RJ, Jenkins SH. Qualitative
exploration of nurses' decisions to activate rapid response teams. J Clin Nurs.
2013;22:2876-82.

Jaderling G, Bell M, Martling CR, Ekbom A, Konrad D. Limitations of medical
treatment among patients attended by the rapid response team. Acta Anaes-
thesiol Scand. 2013;57:1268-74.

34.

35.

36.

37.

Page 10 of 10

De Meester K, Verspuy M, Monsieurs KG, Van Bogaert P. SBAR improves nurse-
physician communication and reduces unexpected death: a pre and post
intervention study. Resuscitation. 2013;84:1192-6.

Hillman K, Chen J, Cretikos M, Bellomo R, Brown D, Doig G, et al. Introduc-
tion of the medical emergency team (MET) system: a cluster-randomised
controlled trial. Lancet. 2005;365:2091-7.

Brunsveld-Reinders AH, Ludikhuize J, Dijkgraaf MG, Arbous MS, de Jonge E,
group Cs. Unexpected versus all-cause mortality as the endpoint for investi-
gating the effects of a Rapid Response System in hospitalized patients. Crit
Care. 2016;20:168.

Subbe CP, Bannard-Smith J, Bunch J, Champunot R, DeVita MA, Durham L et
al. Quality metrics for the evaluation of Rapid Response Systems: Proceed-
ings from the third international consensus conference on Rapid Response
Systems. Resuscitation. 2019;141:1-12.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Reduction in omission events after implementing a Rapid Response System: a mortality review in a department of gastrointestinal surgery
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Setting
	﻿Process of RRS implementation


	﻿Design
	﻿Data collection
	﻿Inclusion and exclusion criteria
	﻿The mortality review process
	﻿Definition of omission events and unexpected death
	﻿Administrative data collection

	﻿Statistical analysis
	﻿Results
	﻿Mortality review
	﻿Patient characteristics
	﻿Development in patient monitoring and care


	﻿Temporal trends in admissions and hospital mortality rates
	﻿Discussion
	﻿Summary of major findings
	﻿Comparison with previous studies
	﻿Implications for clinicians, hospital leaders and policy makers
	﻿Strengths and limitations

	﻿Conclusion
	﻿References


