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ABSTRACT

Objectives The goal of sentinel event (SE) analysis is to
prevent recurrence. However, the rate of SEs has remained
constant over the past years. Research suggests this is
in part due to the quality of recommendations. Currently,
standards for the selection of recommendations are
lacking. Developing a method to grade recommendations
could help in both designing and selecting interventions
most likely to improve patient safety. The aim of this
study was to (1) develop a user-friendly method to grade
recommendations and (2) assess its applicability in a large
series of Dutch perioperative SE analysis reports.
Methods Based on two grading methods, we developed
the recommendation improvement matrix (RIM).
Applicability was assessed by analysing all Dutch
perioperative SE reports over a 12-month period. After
which interobserver agreement was studied.

Results In the RIM, two elements are crucial: whether
the recommendation intervenes before or after an SE and
whether it eliminates or controls the hazard. Applicability
was evaluated in 115 analysis reports, encompassing
161 recommendations. Recommendation quality varied
from the highest, category A, to the lowest, category

D, with category A accounting for 44%, category B

for 35%, category C for 2% and category D for 19%

of recommendations. There was a fair interobserver
agreement.

Conclusion The RIM can be used to grade
recommendations in SE analysis and could possibly help in
both designing and selecting interventions. It is relatively
simple, user-friendly and has the potential to improve
patient safety. The RIM can help formulate effective and
sustainable recommendations, a second key objective of
the RIM is to foster and facilitate constructive dialogue
among those responsible for patient safety.

INTRODUCTION

The primary goal of the analysis of a
sentinel event (SE) in healthcare is to
prevent the recurrence of similar events
in the future. Really improving patient
safety on the basis of these analysis has
been proven challenging.! The frequency
of SEs, which are incidents that lead to
death or serious harm to patients, has

,' Jop Groeneweg,?® Gert Jan Kamps,*
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= The field of healthcare currently lacks established
standards or methods for grading recommendations
following the analysis of sentinel events.

WHAT THIS STUDY ADDS

= This research introduces the recommendation im-
provement matrix (RIM), a user-friendly and inno-
vative method for grading recommendations after
sentinel events.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= The RIM offers essential insights that foster con-
structive discussions about recommendations post-
sentinel events among professionals responsible for
patient safety.

= The implementation of RIM could significantly con-
tribute to safer healthcare practices by improving
the quality of recommendations and ensuring their
practical applicability.

essentially remained unchanged in recent
years.! * Improving patient safety after an
SE is based on a learning cycle.” Anal-
ysis of the reported SE results ultimately
in improvement measures which need
to be implemented in order to improve
safety. Not being able to complete this
learning cycle will have an impact on
patient safety and the possible recurrence
of similar SE. Research suggests that the
lagging improvement of patient safety is
at least in part due to the quality of the
improvement recommendations proposed
in SE analysis reports. A US study, exam-
ining 320 SE analysis reports, found that
the most frequently proposed solutions
were actions that were less likely to reduce
the recurrence of events.' > An Australian
study, analysing 227 SE analysis reports,
concluded that only a small proportion of
the recommendations were high quality.*
In a survey of Dutch hospital executives
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responsible for patient safety, the majority confirmed
they are confronted with a reoccurrence of SEs and
indicated this might be partly due to the strength of
recommendations.” In these studies, the ‘strength’ or
‘quality’ of a recommendation is defined as its poten-
tial impact on reducing the risk or limiting the conse-
quences of a similar SE in the future. This definition
we will use in the remainder of this manuscript. In the
learning cycle to improve quality and safety after an
SE, every single step is essential.” Failure to perform
an adequate incident analysis, failure to compose
high-quality recommendations or failure to imple-
ment these recommendations will be reflected in a
much higher risk of reoccurrence of the SE. Methods
for rational grading of the quality of recommenda-
tions after SEs into high-quality or low-quality catego-
ries are lacking.”

In a previous study, we developed and validated a
basic set of criteria to determine whether recommenda-
tions found in SE analysis reports have the potential to
prevent similar SEs. This was done because many of the
derived recommendations from incident reports had no
relation to the described SE or were formulated in such
general terms that it was impossible to determine what
was intended to or would change in practice.

These criteria are as follows: (1) a recommenda-
tion needs to be well defined and clear, (2) it needs
to specifically describe the intended changes and (3)
it needs to describe how it will reduce the risk or limit
the consequences of a similar SE.* ® The majority of

recommendations proposed in current SE analysis
reports do not meet these three basic criteria. The
current study is a follow-up to this previous study. Ideally,
only recommendations—which hold the potential to
reduce the risk or limit the consequences of a similar
SE— should be formulated by the team analysing an SE.
Developing a method to grade recommendations could
help in both designing and selecting those interventions
most likely to have a positive impact on future health-
care safety. This method should be user-friendly, and
grade recommendations based on objective features.’

In every healthcare organisation, choices have to be
made since resources are limited. An objective validated
method which can provide solid data for the dialogue on
where to allocate resources, how risks should be weighed
and prioritised and which interventions are proportional,
is of the utmost importance. It makes more sense to
implement a single extremely strong recommendation
than several weak ones with a very limited potential to
reduce risk.

Moreover by assessing applicability, that is, the degree
to which the method is suitable for the purpose described
above we determine if the recommendation improve-
ment matrix (RIM) (figure 1) can be successfully used in
real-world scenarios.

The aim of this study was to (1) develop a user-friendly
method to grade the quality of recommendations in
SE analysis reports and (2) assess the applicability and
validity of this method in recommendations from analysis
reports.

Figure 1 The recommendation improvement matrix.
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Knowledge

Figure 2 The flow chart on steps of the study.

METHODS

A study design using multiple steps to develop and vali-
date a grading method for recommendations after SEs
was used. The first step was to create a grading method.
After this, we stepwise tested and validated the method.

Patient and public involvement
Patients or the public were not involved in the design,
or conduct, or reporting, or dissemination plans of our
research.

Figure 2 overviews of the steps, with the inputs as well as
the phases of the development of the RIM.

Step 1: construct of the method

The goal of this step was to construct a method to grade
recommendations after analyses of SEs. This was done by
using the results of a previous performed systematic review
and the input of team of experts. We organised a 4-hour live
expert meeting with three medical doctors experienced in
dealing with and analysing in-hospital SEs (in total approx-
imately 20 years). Notably one of them was member of the

Action/input

Expert meeting

MODEL

Face validity

Interobserver variability

Grading recommendations

Open access

Syst. review

hospital-wide committee responsible for the organisation of
the analysis SEs, and two experts (an organisational psycholo-
gist with 3 years of experience and a safety engineer with
over 20 years of experience in the safety industry) special-
ised safety in general and more specific human factors in
safety-critical industries. The field of human factors involves
the study of the interaction between humans and the envi-
ronment in which they live and work.®” The purpose of the
expert meeting was to develop a grading method for recom-
mendations in SE analysis reports. In this expert consensus
meeting, the data from a previous systematic review were
used as the basis on which an objective dialogue in which
a weighing and prioritising of these data was performed.”
The following characteristics of the included papers were
discussed: user-friendliness, was the method validated, was
the method aimed at recommendations after SEs and was
the method objective.

Step 2: face validity
The goal of this step was to test the face validity of the
method. We asked four senior healthcare inspectors to
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use the method after a brief explanation. The Dutch
Health and Youth Care Inspectorate (DHI) receives
notifications on all SEs that occur in Dutch healthcare
organisations. Following the hospital’s own analysis of an
SE and the formulation of recommendations, a report
is forwarded to the DHI. The DHI then assesses the
quality of the reports, awarding a score between 0% and
100%.%? When the report receives an adequate score on
all aspects (eg, analysis and recommendations), some-
times after revision by the hospital, the finalised report
and all correspondence between the DHI and hospital is
stored in the DHI database. The RIM was presented to
four senior inspectors of the DHI specialised in assessing
in-hospital SE analysis reports. This was the maximum
number of inspectors available at the time. They were
asked if the method could help grade the recommenda-
tions, that is, was it measuring the quality of recommen-
dations after SEs and if they felt the method was user-
friendly.

Step 3: interobserver agreement

The goal of this step was to measure the interobserver
agreement,w this is done by using the results of 3
medical doctors’ rating and 16 recommendation using
the grading method. To study interobserver agreement,
we used 16 recommendations found in 10 randomly
selected in-hospital SE analysis reports approved by
the DHI between October 2017 and January 2018 (this
time frame was chosen because the SEs had to be closed
cases). After a short briefing, the recommendations
were presented to three medical doctors experienced in
dealing with in-hospital SEs and the aforementioned four
DHI inspectors. All seven experts individually graded the
recommendations using the RIM, after which interob-
server agreement was tested. The process was carried out
by individually comparing the placement of each recom-
mendation within the matrix quadrants by each rater. It
is important to note that no discussion occurred during
the rating.

Step 4: grading recommendations found in Dutch
perioperative SE analysis reports

The goal of this step was to assess applicability, we graded
the recommendations using the RIM. All perioperative
SE analysis reports between July 2017 and July 2018 were
selected in the DHI database. The selection of the cate-
gory of perioperative SE was done on the basis of the fact
that SEs in this setting reoccur (retention of a foreign
material, wrong side surgery). The definition of a peri-
operative SE was an event that occurred prior, during or
after the execution of a surgical procedure in the oper-
ating theatre by a medical doctor and an anaesthesiolo-
gist. The recommendations, outcome of the SE, hospital
type and analysis period were extracted. Two researchers
used the RIM (KB and A-FT (acknowledgements)) to
grade the recommendations. In case of disagreement,
consensus was reached through a short discussion.

Statistical analysis

Interobserver agreement was tested by calculating the
intraclass correlation coefficients (ICCs) and weighted
kappa’s for the four categories (ie, A-D), including
95% Cls. Agreement for the 12 subcategories (A1-D5)
was described. Values <0 were interpreted as indicating
no agreement, 0.01-0.20 as none to slight agreement,
0.21-0.40 as fair agreement, 0.41-0.60 as moderate agree-
ment, 0.61-0.80 as substantial agreement and 0.81-1.00
as almost perfect agreement.'” Categorical variables were
presented as numbers (n) and percentages (%). IBM
SPSS Statistics for Windows (V.26.0, IBM) was used to
perform statistical analysis.

RESULTS

Step 1: construct of the method

Although the methods identified in the review and

discussed during the expert meeting were comprehen-

sive, none completely satisfied our predefined criteria
for an ideal recommendation prioritisation method. This
gap led to the development of our own matrix, which
aimed to synthesise the best features of the existing
methods while addressing their limitations. In the expert
meeting, it became clear that the method should make
use of two axes, a time axis and a quality axis. In the time
axis, it is determined if a recommendation intervenes
before or after a specific SE. Subsequently, the quality of
the recommendation is determined. The combination
of both axis grades the recommendation on objective
features (figure 2) and makes a grading or ranking of
recommendations possible. Recommendations aimed at
preventing the event are ‘stronger’ than those aimed at
mitigating the effects after the event has occurred. This
was derived from the so-called bowtie method which
distinguishes barriers aimed to reduce the risk or limit
the consequences of a similar SE."" The bowtie method
was thus used as a source for the time axis in the matrix.

For the quality axis, a method described by McCaughan

was selected.'” This model has been around for many

years and is a standardised model in the occupational
health space. The National Institute for Occupational

Safety and Health, the USA, has long promoted this hier-

archy' " It uses five clear and well-organised categories

(elimination, substitution, engineering controls, adminis-

trative procedures and work practice controls),'” allowing

the strength of each recommendation to be determined
at a glance. These two methods combined were used to
develop a grading matrix as shown in figure 2, which we
hereafter refer to as the RIM.

The RIM method has two axes, as shown in figure 2.

1. The first step is to determine whether a recommenda-
tion aims to prevent an SE or to limit its consequences,
that is, if the recommendation intervenes before or af-
ter an SE occurs.

2. The second step is to determine if the recommenda-
tion eliminates or controls the hazard.
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3. The third and last step is to consider the subcategories.
The subcategories all aim to prevent (left side of the
RIM) the SE or limit its consequences (right side of
the RIM). For example, if the SE was ‘a patient died
following an unintended high dose of medicine X’,
recommendations could be categorised as follows:

Elimination: Recommendations to eliminate the hazard.
For example, on the left side: ‘medicine X will no

longer be available within the hospital’.

For example. on the right side: ‘an antidote that
prevents death under all circumstances should be stored
near the patient receiving medicine X’.

Substitution: Recommendations to
hazard.

For example, on the left side: ‘medicine X is substituted
by medicine Y that has similar effects but less dangerous
side effects’.

For example, on the right side: ‘an antidote that
reduces the risk of death should be stored near the
patient receiving medicine X’.

Control: Recommendations for technical or physical
interventions to eliminate (A/C) or control (B/D) the
hazard.

For example, technical control on the left side: ‘medi-
cine X is still available, but any attempt to prescribe it
triggers a warning in the electronic prescription environ-
ment that highlights the risks, perhaps leading to cancel-
lation of prescription’

For example, technical control on the right side: ‘a
patient receiving medicine X is monitored by a computer
that detects a change in vital functions and automatically
administers the antidote if the patient has a tachycardia’.

Administrative procedures: Recommendations to
control the hazard by adjusting procedures.

For example, on the right side: ‘when according to the
protocol a patient is periodically checked by a nurse and
the nurse is expected to administer the antidote should a
patient experience a tachycardia’.

Personal protection: Recommendations to control the
hazard by personal protection.

For example, on the right side: ‘a patient receives medi-
cine X and the antidote is nearby, with the patient given
responsibility for timely use of the antidote when experi-
encing a tachycardia’.

The subcategory control can exist in both the upper
and lower quadrant, so a distinction can be made between
stronger technical recommendations and weaker non-
technical recommendations.

In case the SE was ‘a patient died following an unin-
tended high dose of medicine X’, a recommendation
could be introducing an antidote that limits the conse-
quences, that fits category D. This means it potentially fits
the subcategories control, administrative procedures and
personal protection, depending on how the antidote is
made available. If a patient receives medicine X and the
antidote is nearby, with the patient given responsibility for
timely use of the antidote when experiencing a change in
vital functions, it fits the subcategory personal protection.

substitute the

When a patient is periodically checked by a nurse (proce-
dure adjustment) and the nurse is expected to administer
the antidote should a patient experience a change in vital
functions, this is a non-technical recommendation that
fits the subcategory administrative procedures. When a
nurse automatically receives a signal about a change in
vital functions in a monitored patient and the nurse is
expected to administer the antidote, this is a partly tech-
nical recommendation that fits the subcategory control.
When a patient is monitored by a computer that detects
a change in vital functions and automatically administers
the antidote, this is a technical recommendation that fits
category C.

Testing the method

Step 2: face validity

All four inspectors judged that the RIM is userfriendly,
understandable and does not take much time. More
importantly they found it potentially useful not only in
their own practice but also as a tool for analysing teams to
grade their own recommendations.

Interobserver agreement

To asses interobserver agreement, 16 recommendations
from in 10 randomly selected in-hospital SE analysis
reports were graded by seven experts. The ICC was 0.38
(95% CI 0.20 to 0.63), indicating fair interobserver agree-
ment. The mean weighted kappa was 0.37 and compa-
rable to the ICC. More information on how the recom-
mendations were graded can be found in (online supple-
mental file 1).

Step 3: grading recommendations found in Dutch perioperative SE
analysis reports

To examine the potential applicability of the RIM, we
graded recommendations from 115 perioperative SE
analysis reports completed between July 2017 and July
2018. Of these SEs, 66% led to major injury and 34%
resulted in death, with a majority (74%) occurring in the
operating theatre. Of the 115 perioperative SE analysis
reports, they offered a total of 442 recommendations,
with only 161 meeting the three fundamental criteria
previously discussed. Of these 161 recommendations,
44% were categorised as category A, 35% as category B,
2% as category C and 19% as category D, as shown in
table 1.

DISCUSSION

In this study, the RIM was developed through multiple-
step process. The RIM was designed to offer a grading
method for recommendations after SE analysis. The
grading system was created to be a userfriendly and
objective method. Thereby it supports an essential step
in the learning cycle necessary for improving quality and
safety in healthcare.” Creating effective recommenda-
tions from the SE analysis is a key step in this learning
cycle. In a previous study, we defined that recommenda-
tions must meet three fundamental criteria if they are to
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Table 1

analysis reports between July 2017 and July 2018
Category A, n (%) 70 (44)
1. Elimination, n (%) 3(2)

2. Substitution, n (%) 62 (39)
3. Control, n (%) 5 (3)
Category B, n (%) 57 (35)
1. Control, n (%) 3 ()
2. Administrative procedures, n (%) 54 (33)
3. Personal protection, n (%) 0(0)

have an effect on reducing the recurrence of similar SEs:
(1) be well defined and clear, (2) specifically describe
the intended changes and (3) describe how it will reduce
the risk or limit the consequences of a similar SE in the
future. ® The three criteria ensure that a recommenda-
tion has the potential to prevent similar SEs from recur-
ring. The RIM offers insight into how the recommended
intervention will affect the possibility of reoccurrence and
thus patient safety: before or after the event, and by elim-
inating or controlling the hazard. Importantly by doing
so, it supports the dialogue about the risk evaluation and
considerations originating from SE analysis.

In a previous evaluation, we determined that just over
one-third of the recommendations after SE had any
potential to influence reoccurrence of that SE.*® Approx-
imately, two-thirds were no effective recommendations
thatis, on the basis of the three previous described criteria
they were dismissed. Recommendations like reconfirming
operating procedures, email reminder to pay attention
or discuss the case in the team, are obviously to general
and non-specific as well as non-sustainable to have any
impact on patient safety. The three described criteria
support creating a recommendation that will affect the
specific SE. The subsequent step involves creating and
selecting the most robust recommendations that align
with the nature of the SE. The strongest recommendation
is in some cases not feasible or too expensive. To make
weighted decisions and prioritise effectively, a method for
grading recommendations is essential. The RIM supports
this process, aiding organisations in optimally using their
resources. The primary objective of the RIM is to facilitate
informed and meaningful dialogue about recommenda-
tions, leading to the rational selection of the most effec-
tive measures to prevent the recurrence of an SE.

The strength ofarecommendationisnotthe only param-
eter that predicts the potential impact of an SE analysis.
Effects of this type of learning processes are often multi-
factorial.”?'* The recommendation is just one step in the
path to improve patient safety. Previous research suggests
more time and effort should be invested in implementing
recommendations and monitoring their effect. However,
effective implementation of ineffective safety recommen-
dations will be of little value to patients or staff. We expect
using the two-stage process, use the selection criteria and
grade the recommendations with the RIM, will help iden-
tify the recommendations worthwhile of implementation.

Number (n) and percentage (%) for the strength of recommendations found in Dutch perioperative sentinel event

Category C, n (%) 4
1. Elimination, n (%) 0
2. Substitution, n (%) &
3. Control, n (%) 1

Category D, n (%) 30 (19)
1. Control, n (%) 1(1)
2. Administrative procedures, n (%) 29 (18)
3. Personal protection, n (%) 0(0)

The RIM has four categories, A-D, with decreasing
potential to prevent harm. However, we value the RIM
as a tool to help make informed decisions on which
improvement measure best fits a particular situation. Of
the 161 recommendations, we graded only 2% in cate-
gory Al which has the highest potential to reduce harm
as these recommendations aim to eliminate the cause of
harm before it occurs. This finding aligns roughly with an
Australian study (8%).* Although category Al represents
the strongest type of recommendation, it may not always
be the most appropriate for every situation. For instance,
in one case where an SE occurred due to an incorrect
operation procedure, the hospital’s decision to cease
performing that specific operation was a strong measure.
While this could be a prudent decision in one context,
it might deprive future patients of an effective treatment
in another. We consider the RIM as a grading system that
stimulates and supports constructive dialogue about what
recommendations are the highest achievable recommen-
dations possible. Then a risk assessment can be made in
which all possible recommendations can be considered
some can be selected for implementation. For example,
a healthy young boy underwent an adenotonsillectomy
(ATE) because of obstructive sleep apnoea syndrome. He
was operated on as customary with short deep anaesthesia
without securing the airway by intubation. He developed
a haemorrhage which took a few minutes to control. A
clot blocked his airway and he desaturated significantly
during surgery. He had to be resuscitated, intubated and
transferred to a paediatric intensive care unit. Securing
the airway at all times during ATEs prevents an endan-
gered airway and would be a recommendation in category
Al, elimination. A crew resource management-training
to ensure teams executing ATEs know how to adequately
handle in case of an endangered airway before it leads
to a significant desaturation would be a non-technical
recommendation in category B, control. An emergency
intervention team that can be called if the team executing
ATEs cannot secure the airway before it leads to a signif-
icant desaturation would be a non-technical recom-
mendation in category D, control. After exploring the
possible recommendations with the RIM, those involved
in formulating and/or selecting recommendations for
implementation can have a structured dialogue to assess
the risks within the healthcare organisation. The risk of
a postoperative bleeding in ATE is low."” If the airway is
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not secured, more children could undergo an ATE as
they will not be needing securing the airway using an
airway tube. Training the teams executing ATEs on how
to adequately handle in case of an endangered airway is
an option. Securing the airway at all times would prevent
this SE to reoccur in the future. Those responsible for
patient safety can now make an informed discussion on
what risks are acceptable within the healthcare organisa-
tion. If the significant desaturation due to a bleeding in
a healthy young boy is considered to be a low risk and
the airway during ATE will not be secured in the future,
similar SEs no longer need to be analysed as long as this
risk will remain under the stated threshold. Fundamen-
tally this structured dialogue based on the RIM within
the organisation is about which risks are acceptable and
which are not and what resources do a recommendation
require to implement.

Limitations

Current medical literature that focuses on learning from
SEs in healthcare and formulating effective recommenda-
tions is limited. There is, however, there is an abundance
of data from other high-risk, high-impact industries on
safety improvement. During the expert meeting, we
discussed literature identified during a previous system-
atic analysis, and the RIM was based on aspects of two of
the methods found in that search.'" ™" Data from other
industries were included in our evaluation as well. This
process was partly subjective as it involved a small panel of
experts. There was no formal selection of the participants
of the meeting this could have led to a selection bias.
However, both methods used to construct the RIM come
from other safety-critical industries in which the experts
both worked. We tested the applicability of the RIM on
recommendations found in Dutch perioperative SE anal-
ysis reports. Although we only found moderate interob-
server agreement, in the absence of standards for the
selection of recommendations the RIM is user-friendly,
understandable and does not take much time. The RIM,
or any alternative method, should not solely be seen as
a tick-box or a set-in-stone truth on which recommenda-
tion is best. An important additional function is to better
understand how recommendations are expected to work
and enrich the dialogue between those responsible for
improving patient safety. An important limitation of our
study was the absence of a prospective analysis to further
evaluate the outcome and applicability of the method.
Future studies should, therefore, determine the effect of
using the RIM on patient outcomes.

Conclusion and future perspectives

In order to improve patient safety, a grading method
for recommendations after SE is an essential next step.
The RIM can be used to grade recommendations after
SE analysis and support in both designing and selecting
interventions. When combined with the three criteria for
creating a recommendation (1) well defined and clear,
(2) specifically describe the change and (3) how it will

reduce the risk, the RIM is simple, user-friendly and has
the potential to improve patient safety. While the RIM
may help formulate effective and sustainable recom-
mendations, a more important goal is to stimulate and
support constructive dialogue between members of the
analysing team when formulating and/or the head of the
department or executive board when selecting recom-
mendations for implementation. The RIM provides the
essential data for a weighted decision of risks, resources
and safety of processes in healthcare. By improving the
dialogue of those responsible for patient safety, the RIM
can help decrease the number of similar SEs. It needs to
be kept in mind that creating the strongest recommen-
dations possible is only one step in the learning cycle
after SE. Reporting and analysing an SE as well as imple-
mentation of recommendations are essential steps as
well. The full potential of the RIM’s use and impact may
not yet be realised; its prospective application in other
healthcare settings, including outside of hospitals, could
unveil further implications. Subsequent research should
explore the RIM’s applicability in prospective studies to
definitively ascertain its effect on patient safety.
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