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Objectives: Acute care crowding is a global issue, jeopardizing patient safety. An
important cause of crowding is the growing number of older, vulnerable, and complex
patients. This group is at higher risk of experiencing (preventable) adverse events (AEs)
than younger patients.
This study aimed to identify the incidence, preventability, nature, and prevention
strategies of AEs in older patients during an acute hospital admission and to assess
changes over time.
Methods: We analyzed data of 4292 acutely admitted patients (70+) who died in the
hospital, using data of a multicenter Dutch AE record review study (2008, 2012,
2016).Multilevel logistic regression analyses were performed to adjust for patient-mix
differences and clustering on department/hospital level per year.
Results: The incidence of AEs in this group declined significantly (χ2(1) = 8.78, P = 0.003)
from 10.7% (95% confidence interval [CI] =8.2–13.9) in 2008, 7.4% (95% CI = 5.6–9.7) in
2012, to 7.2% (95% CI = 5.5–9.3) in 2016. The relative preventability showed a significant
parabolic trend (χ2(1) = 4.86, P = 0.027), from 46.2%(95%CI = 34.1–58.7), to 32.4% (95%
CI = 21.1–46.1), to 44.6% (95% CI = 32–58). Adverse events were often related to
medication (26.3% in 2008, 35.1% in 2012, and 39.5% in 2016), and the preventability in
AEs related to diagnosis was highest (88.3%, 70.8%, and 79.9%).
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Conclusions: The incidence of AEs in older acutely admitted patients declined over the
years; however, the preventability increased again after an initial decline. This could be
related to crowding or increasing complexity in the acute care chain. Further monitoring
and improvement in (preventable) AE rates are necessary to pinpoint areas of
improvement to make hospital care for this vulnerable group safer.

Acute care represents a large and essential element of hospital care and plays a vital role in
preventing disability and death. Compared with younger patients, older patients present more
frequently at emergency departments (EDs), get admitted at higher rates, require more resources,
have higher risk of readmissions, and have longer length of stay (LoS).1,2 The demand on acute and
emergency care has been increasing and will continue doing so, creating major challenges for
healthcare professionals and policy makers. One of the important causes is the growing number of
older, vulnerable, and complex patients. This crowding of acute care has been recognized as a global
issue, putting patient safety at risk.3
Patient safety is fundamental for quality of care; therefore, many countries have investigated the
adverse event (AE) rates in their hospitals.4 An AE is defined as an unintended injury, resulting in
prolonged hospital stay, disability, or death, and is caused by healthcare management issues rather
than the disease. 5 An AE is considered preventable when caused by healthcare professionals not
following the accepted practice and/or by inadequacies in the healthcare system.6 In the
Netherlands, AE rates are monitored structurally every 4 years, by conducting retrospective record
review studies.7–9
Multiple studies show that older patients are at higher risk to experience (preventable) AEs during
a hospital admission, compared with younger patients.6,10–15 Furthermore, Merten et al16 (2013)
showed that the consequences of (preventable) AEs are more severe in older patients. The higher
(preventable) AE rates in older patients are argued to be related to the severity of their condition,
frailty, comorbidity, atypical disease presentation, polypharmacy, complexity of care, and longer
hospital stay, rather than to high age alone.13,14,17
Earlier international AE research encompasses study samples of both elective and acute
admissions and is mostly based on data collected before the largest acute care crowding challenges
emerged. Results are contradicting; some studies report higher AE rates and more severe
consequences for acutely admitted patients. 7,8,12,18,19 However, other studies did not find higher AE
rates for acute admissions compared with elective admissions.9,20,21 Because of the growing
challenges in the acute care chain, this is an important research area, to get more insight into the
variability of care processes and the resilience of healthcare professionals and organizations.
Furthermore, it is unclear whether there have been changes over time in AE rates, which is necessary
to evaluate whether patient safety for older acutely admitted patients has improved. Change over
time is particularly important to assess as the Dutch national patient safety program, with a special
focus for frail elderly patients (designed and implemented after the first Dutch AE study) ran from
2008 to 2012.22 No new national patient safety programs were implemented after that. In the United
States, comparable patient safety programs were enrolled: the 100,000 lives campaign (2005–
2006)23 and 5 million lives campaign (2006–2008).24 These programs in the Netherlands and the
United States had a positive impact on the national AE rates.8,23,25 However, it seems that the
attention for patient safety reduced after these comprehensive programs ended, as shown by the
stagnation of reduction in preventable AE rates in the Netherlands.9 To keep improving, it is
important to start thinking about the next step in patient safety worldwide. Therefore, to pinpoint
the most relevant areas for improvement, this study aims to identify the incidence, preventability,
nature, and prevention strategies of AEs in older patients during an acute hospital admission and
asses changes over time (2008, 2012, and 2016).
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Methods
We analyzed a subsample (consisting of acutely admitted older patients, 70+) of the data of 3
national Dutch patient record review studies (2008, 2011/2012, and 2015/2016; hereafter, 2008,
2012, 2016). An admission was considered acute when unplanned. The comprehensive design and
results of the independent studies have been described elsewhere.7–9 All studies have been granted
approval by the ethics committee of the Amsterdam University Medical Center, the Netherlands. This
section starts by describing the design of the initial Dutch AE studies, followed by the methods of the
current study.

Study Design and Setting of the Initial AE Studies
The random sample consisted of 20 hospitals in 2008, 20 hospitals in 2012 and 19 hospitals in
2016.All sampleswere stratified for hospital type (university, tertiary teaching, and general) and
region. Hospitals with less than 200 beds were excluded in all samples. The university hospitals were
overrepresented in all samples, weights have been added to correct for this in all analyses.
Patients admitted to a psychiatric or obstetric department and children younger than 1 year were
excluded in all samples. A sample of 200 (2008 and 2012) and 150 (2016) patient records were
randomly selected per hospital. In the 2008 and 2012 study, half of examined records were of
discharged patients and half of deceased patients. However, research indicates that AEs are more
prevalent in deceased patients21,26 and that examining records of deceased patients gives us a
higher power and therefore a more accurate estimation of (preventable) AEs.8 Therefore, only
records of deceased patients were examined in the 2016 study. For these reasons, we included only
the records of deceased patients in the analysis of the subset of acutely admitted older people in the
current study.

Record Review Process of the Initial AE Studies
The record review researchmethod is considered to be the most effective method to assess AE
rates.27–29 In the Dutch AE studies, trained and experienced external nurses and physicians (medical
specialties: surgery, internal medicine, and neurology) reviewed the nursing, medical, and, if
available, outpatient records. The reviewing nurses and physicians could not review records of the
hospitals they were or had been employed at. In the first stage, a nurse screened all records by using
a list of triggers indicating potential AEs (e.g., unplanned admission in the year before index
admission, adverse drug reaction). The trigger list has been evaluated and used in multiple
international studies.6,10–12 Records with at least 1 trigger present in the first stage were eligible for
further review by a physician in the second stage. The presence, preventability, nature, and
prevention strategies of AEswere determined in the second stage. An AE was defined by 3 criteria6:
○ Unintended injury
○ Resulting in prolonged hospital stay, disability, or death
○ Caused by healthcare management, rather than the disease
An AE was considered potentially preventable when systematic analysis of the events indicated
that certain measures could have prevented the AE. A potentially preventable AE was defined as an
error in healthcare management because of failure to follow accepted practice, at an individual
and/or system level.5 The preventability was scored on a 6-point Likert scale, and a score of 4 or
higher, which indicated a chance of 50% or more injury being caused by healthcare management,
was considered potentially preventable (full Likert scale: 1, (almost) no evidence for being caused by
healthcare management; 2, slight tomoderate evidence; 3, not likely (less than 50/50, but “close
call”); 4, more likely (more than 50/50, but ‘close call’); 5, strong evidence; and 6, (almost) certain
evidence).
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The reliability was tested in all studies by having a random sample of 5% of the records reviewed
twice independently, in both the first and second stage. The record reviews were found to be
reliable, and methods and results of reliability tests have been described elsewhere.7–9,30

[Figure 1]
Nature and Prevention Strategies of AEs of the Initial AE Studies
The nature of AEs was reviewed for all AEs and classified into 7 categories of clinical processes
(diagnostic, surgery, nonsurgical medical procedure, medication, other clinical management,
discharge, and other). Reviewers selected the clinical process to which the AE was predominantly
related. In addition, the reviewers could select 1 or multiple potential prevention strategies for
preventable AEs. The prevention strategies were classified into 10 categories
(technology/equipment, procedures, information/communication, training, motivation, quality
assurance/peer review, scaling up, evaluation, financial investment, and personnel).31

Statistical Analysis of the Current Study
Our subsample consisted of records of older acutely admitted patients who died during the
admission in all 3 study periods. Figure 1 shows a flowchart on how this subsample was achieved
from the total sample.
Baseline characteristics,weighted for hospital type,were calculated using StataSE 14 (StataCorp,
2015, Stata Statistical Software: Release 14; StataCorp LP, College Station, TX).
The record review studies consisted of hierarchal data, with multiple levels: the individual patient,
the hospital department, the hospital, and time. The observations in the datawere not independent;
therefore, multilevel analyses were required to adjust for clustering on the department and hospital
level per year.
Multilevel logistic regression analyses, using MLwiN Version 2.30 (Centre for MultilevelModeling,
University of Bristol), were performed to calculate the incidence of AEs, the preventability, the
different categories within the nature, and prevention strategies and to assess overall change over
time in all these outcome variables. P values of 0.05 or less were considered statistically significant.
To adjust for the possibility that change over time was influenced by differences in patient mix, the
following confounding variables were added to the multilevel model: sex, admission to a surgical
ward, and International Statistical Classification of Diseases, Ninth Revision, diagnosis group. These
confounding variables are equal to those of the multilevel models in previous studies.20,21,32,33 All
variables in the multilevel models were standardized to reference values of Dutch hospital
admissions.
As some categories within the nature and prevention strategies variables represented small
numbers, they were not robust for multilevel analysis. Therefore, we chose to combine some of the
smaller categories and performed the analysis on the relevant categories. For nature of AE, the
relevant categories were as follows: diagnostic, surgery, nonsurgical medical procedure, medication,
and others. For prevention strategies, the categories were as follows: procedures,
information/communication, training, motivation, quality assurance/peer review, evaluation, and
others.

Results
Study Sample
For the 3 study samples (2008, 2012, and 2016), a total of 4292 medical records of acutely
admitted older patients, deceased at the hospital, were reviewed. Table 1 shows the baseline
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characteristics per year, and of the total sample, all variables in the table were added to the
multilevel model as confounding variables.

Adverse Events and Preventability
We found a total of 457 AEs in 428 patients. The numbers of AEs per year were 165, 127, and 165
(2008, 2012, and 2016, respectively), in 150, 122, and 156 patients. Figure 2 shows the trend over the
years in AE incidence and the relative preventability within the category for the total group and per
age category (70–79, 80–89, and 90+).
The incidence ofAEs in the total group shows an overall significant decline over the years from
10.7% (95% confidence interval [CI] = 8.2–13.9) in 2008, to 7.4% (95% CI = 5.6–9.7) in 2012, to 7.2%
(95% CI = 5.5–9.3) in 2016. The overall declining linear trend was also found for the 70 to 79 and 80
to 89 age categories.
The relative preventability showed a significant parabolic trend from 46.2% (95% CI = 34.1–58.7)
in 2008, to 32.4% (95% CI =21.1–46.1) in 2012, to 44.6% (95% CI = 32–58) in 2016. This corresponds
with an overall incidence of preventable AEs of 4.5% (95% CI = 3.0–6.5) in 2008, 2.2% (95% CI = 1.5–
3.4) in 2012, and 3.0% (95% CI = 2.0–4.3) in 2016. The parabolic overall trend was also found for the
80 to 89 age category.

Nature
Figure 3 shows the distribution of the nature of AEs and the relative preventability within the
categories over the years. Adverse events in older acutely admitted patients are predominantly
related to medication (26.3% in 2008, 35.1% in 2012, and 39.5% in 2016).
The diagnostic category shows a high relative preventability (88.3% in 2008, 70.8% in 2012, and
79.9% in 2016). The relative preventability of the surgery-related AEs shows a significant parabolic
trend (38.4% in 2008, 8.9% in 2012, and 63.6% in 2016).

Prevention Strategies
In 9 cases, no prevention strategies were selected, and these were therefore excluded from this
analysis. Table 2 shows the distribution of prevention strategies and trends over the years.
In most potentially preventable AEs, quality assurance/peer review was selected as a prevention
strategy. Evaluation showed a significant parabolic trend and information/communication showed a
significant increasing linear trend.
Table 3 provides examples of AEs, their preventability, nature, and prevention strategies in
acutely admitted older patients.

[Table 1]

Discussion
This study describes the incidence, preventability, nature, and prevention strategies of AEs over
time in older acutely admitted patients. We found a significantly overall declining incidence of AEs of
10.7%in 2008, 7.4%in 2012, and 7.2%in 2016. However, the relative preventability of AEs in our
sample showed a significant parabolic trend from 46.2% in 2008, 32.4% in 2012, to 44.6% in 2016,
which corresponds with an incidence of preventable AEs of 4.5% in 2008, 2.2% in 2012, and 3.0% in
2016. In addition, although in our sample the relative preventability in 2016 returned to the level of
2008, this was not found in the total Dutch sample (including patients all aged >1) in which the
preventability remained stable from 2012 to 2016.9 This indicates that the patient safety for older
acutely admitted patients is at a higher risk than other, less frail patient groups. In the Netherlands,
there is an increasing proportion of older people, who live independently instead of in care homes.
This group keeps increasing in age but also in multimorbidity, polypharmacy, and frailty, which
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results inmore visits to the ED and acute admissions to the hospital every year.34,35 This makes acute
healthcare for this group increasingly complex, potentially resulting in the increase of the incidence
of potentially preventable AEs.
Disaggregated by age category, we found that the 70 to 79 and 80 to 89 age categories showed an
equivalent overall declining trend inAE incidence as our total sample of acutely admitted older
patients, but the 90+ category did not. This could be due to the high complexity and frailty in this
oldest group of older patients. They are less resilient than the younger groups of older patients,
potentially causing them to be more vulnerable.36–38
Adverse events in older acutely admitted patients are predominantly related to medication. The
high percentage medication-related AEs (MRAEs) is in line with a previous studies, finding high
percentages ofMRAEs in patients who died in the hospital, acute admissions, and older patients.16,39–
42
The high percentage of MRAEs could be explained by the increasing age,multimorbidity, and
polypharmacy of this group, therefore being increasingly prone to errors.43–45 The clinical process
with highest preventability is the category diagnostic, which is in line with previous research that
found high percentages of preventable diagnostic AEs (DAEs),10,46 particularly in acute admissions.
The high preventability is possibly explained by the fact that DAEs received less attention (i.e.,
analysis and improvement initiatives) compared with AEs related to other clinical processes (i.e.,
surgery and medication) over the years, which could be due to the fact that diagnostic errors are
relatively complex to define and to measure.47

[Figure 2]
It is remarkable that the relative preventability in the surgical category showed a significant
parabolic trend over the years, with a strong decrease from 2008 to 2012, but increase from 2012 to
2016. When looking into the open text fields of the data, we see that in 2008 and 2016, many of the
surgical preventable AEs were related to hip fractures, which seems to be less in 2012. Previous
research showed that older hospitalized hip fracture patients are at high risk to experience a
preventable AE.48 Therefore, the larger number of hip fracture patients in our 2008 and particularly
2016 sample might explain some of the parabolic trend in preventability.
A strong aspect of this study is the use of a standardized and internationally acknowledged record
review method, allowing comparison with results of similar AE studies. This researchmethod is
considered to be themost effective method to assessAE rates.27–29 All reviewers had extensive clinical
experience. In addition, this study contains a large total number of systematically reviewed patient
records. The study is representative for the acute admissions of deceased older patients in Dutch
hospitals, as we used a random, stratified, and diverse sample.
Despite the strengths of this study, there are some limitations that should be considered. First,
this research method is subject to hindsight bias. Because the reviewers know the (negative)
outcomes, judgment can be influenced, possibly causing overestimation of preventability.49 Second,
reviewers only have access to information available in the patient record, registered by hospital
personnel, for AE assessment. These records do not always contain sufficient in-depth and relevant
information regarding the presence of AEs, their preventability, nature, and possible prevention
strategies. Neither does the patient record always give a complete reflection of treatment risks made
in the (multidisciplinary) treatment team. Furthermore, the amount of information available might
have changed over the years, because of the start of using electronic patient records. The third
limitation is the interrater reliability. Although measures have been taken over the years to optimize
the record review process and to assure an interrater reliability as high as possible, the individual
experience and perspectives of the reviewers will never align completely.9
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[Figure 3]
[Table 2]
This study shows that further improvement in (preventable) AE rates in older acutely admitted
patients is necessary, to make hospital care for this group safer. To achieve this, our
recommendations are to focus on “quality assurance and peer review,” for example, by using
machine learning techniques to detect safety risks.50,51 Examples of potential interventions for all
prevention strategies are shown in Table 1 in the supplement. Moreover, especially in the 2016
study, the prevention strategy “evaluation” emerged as an important prevention strategy. An aspect
of “evaluation” is the patient safety culture among healthcare professionals. We recommend to
assess (with, i.e., Patient Safety Culture Survey (COMPaZ),52 Patient Safety Climate in Healthcare
Organizations (PSCHO) survey,53 Hospital Survey on Patient Safety Culture (HSOPS)54) and improve
this with, for example, team training, simulations, etc.55
Furthermore, we recommend to continue monitoring (preventable) AEs and the trends in this
group, especially because the preventability has shown a parabolic trend, which could keep
increasing in the future. Literature shows that LoS is shortening worldwide, even for the older and
complex patients, and we also see this change in our data.56 It remains unclear how this may have
affected the incidence of AEs and potentially preventable AEs. It is plausible that with a shorter LoS,
people are exposed less to a risk of error in the hospital, which could explain the decreasing trend in
AE incidence. However, it is also plausible that with a shorter LoS, more (e.g., conducting diagnostic
tests, treatment, etc.) has to be done within a shorter timeframe, therefore causing the performance
of healthcare professions to be more rushed. This could potentially explain the parabolic trend in the
relative preventability of AEs. The next step should be to encourage healthcare professionals to
actively involve the older acutely admitted patient and decide together about diagnostics, treatment,
and admission, based on the patients’ wishes, preferences, and goals.

[Table 3]
Finally, we recommend to focus onMRAEs, as these represent high percentages and seem to
increase over the years. Polypharmacy is relatively common among older patients, so some of the
strategies could be to focus on reducing the number of newly prescribed medications, to discontinue
medication that is no longer necessary, to improve the already existing and implemented medication
verification systems,22,57 and to adapt these systems to the increasing prevalence of polypharmacy.

Conclusions
This study shows that although the incidence of AEs in older acutely admitted patients declined
over the years, the relative preventability does not showthis trend. This could be related to the
crowding in acute care and/or the increasing complexity of this group (due to increasing age, frailty,
multimorbidity, and polypharmacy). However, future research is needed to examine whether these
relationships are truly existing and causal.
Moreover, further monitoring and improvement in (preventable) AE rates in older acutely
admitted patients are necessary, to make hospital care for this vulnerable and complex group safer.
Improvement initiatives (i.e., quality assurance, peer review, evaluation, and focus on MRAEs and
DAEs) are recommended.
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[Tables and figures]
Figure 1: Flowchart of the sample
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Table 1 Baseline Characteristics
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Figure 2 Incidence and the relative preventability within the category of AEs over the 506 years in
the total sample and per age category. Adjusted for clustering in the data and patient-mix
differences over the years. aSignificant decline in incidence. Total: (χ2(1) = 8.78, P = 0.003),
70–79: (χ2(1) = 5.35, P = 0.021), and 80–89: (χ2(1) = 4.06 P = 0.044). bStable trend in
incidence: 90+: (χ2(2) = 1.47, P = 0.48). cSignificant parabolic trend in relative
preventability. Total: (χ2(1) = 4.86, P = 0.027), and 80–89: (χ2(1) = 11.3, P = 0.0008). dStable
trend in relative preventability: 70–79 (χ2(2) = 0.27, P = 0.873) and 90+ (χ2(2) = 0.80, P =
0.67).

Figure 3 Nature and relative preventability within the category of AEs over the years.a aAdjusted for
clustering in the data and patient-mix differences over the years. bStable trend in incidence.
Diagnostic: (χ2(2) = 0.86, P = 0.651), Surgery: (χ2(2) = 2.52, P = 0.284), nonsurgical medical
procedure: (χ2(2) = 1.57, P = 0.456), medication: (χ2(2) = 3.95, P = 0.139), and other: (χ2(2)
= 0.8, P = 0.67). cSignificant parabolic trend in relative preventability. Surgery: (χ2(2) =
16.24, P = 0.0003). dStable trend in relative preventability. Diagnostic: (χ2(2) = 1.78, P =
0.411), nonsurgical medical procedure: (χ2(2) = 0.36, P = 0.835), medication: (χ2(2) = 2.67, P
= 0.263), and other: (χ2(2) = 0.75, P = 0.687).
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Table 2 Prevention Strategies Over the Years

Table 3 Examples of AEs in Acutely Admitted Older Patients
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