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Abstract: Background: Adverse safety events in healthcare are of great concern, and despite an
increasing focus on the prevention of error and harm mitigation, the epidemiology of safety events
remains incomplete. Methods: We performed an analysis of all reported safety events in an academic
medical center using a voluntary incident reporting surveillance system for patient safety. Safety
events were classified as: serious (reached the patient and resulted in moderate to severe harm or
death); precursor (reached the patient and resulted in minimal or no detectable harm); and near miss
(did not reach the patient). Results: During a three-year period, there were 31,817 events reported.
Most of the safety events were precursor safety events (reached the patient and resulted in minimal
harm or no detectable harm), corresponding to 77.3%. Near misses accounted for 10.8%, and unsafe
conditions for 11.8%. The number of reported serious safety events was low, accounting for only
0.1% of all safety events. Conclusions: The reports analysis of these events should lead to a better
understanding of risks in patient care and ways to mitigate it.
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1. Introduction

Many healthcare organizations are engaged in improving their safety culture and transitioning
to high reliability [1–3]. Reporting safety events improves the safety culture in hospitals [4,5], and
by analyzing reported safety events, severe patient harm, including deaths, may be prevented [4].
Moreover, reporting and analysis of near miss events are valuable as these events represent the potential
for future harm [3]. Within the United Kingdom of Great Britain and Northern Ireland, there are about
100,000 reports of patient-safety incidents from England and Wales every month [6]. The proportion
of serious adverse events, although small (1 per 1000 admissions) cannot be negligible [7]. If this
rate is applied to 34.7 million inpatients in the United States (US) [8], an estimated 35,000 patients
per year could be seriously or permanently injured or could die during hospitalization due to an
adverse event [7]. It is important to understand that it is necessary to influence decision-making on the
implementation of quality safety systems and their processes in the US and international hospitals [1–5].

Healthcare Performance Improvement, a consulting firm, has developed a safety event
classification that is currently used in some hospitals [9], and their methods can be used to detect
and avoid safety events [2,3,10]. This classification is based on the degree of harm that results from a
deviation from expected performance or standard of care [9].
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Reporting safety events is important to the broad goal of error reduction [11]. Voluntary report
systems are endorsed in the Institute of Medicine’s report on the errors in medical care [7,12]. Reporting
will occur only if practitioners feel safe doing so and it becomes a culturally accepted activity when
taking the measure of successful system changes, rather than events reported [11,13].

The purpose of this study is to delineate the descriptive epidemiology of safety events and patient
outcomes in a hospital setting and to determine if these events are related to broad underlying themes
to guide future actions that can impact patient safety in hospitals.

2. Materials and Methods

This study was a quality improvement project that was approved by the Institutional Review
Board (IRB) of the University of Iowa (IRB ID# 201601740). The University of Iowa Hospitals and
Clinics (UIHC) is an academic tertiary-care hospital located in Iowa City, Iowa. During the study
period, the hospital had 811 beds. Approximately 36,000 inpatients are admitted per year. The Patient
Safety Program at UIHC focuses on patient safety, working in conjunction with the Joint Office for
Compliance. This program started in 2007. All patients with reported safety events at the UIHC from
1 January 2014 to 31 December 2016 were retrospectively identified using an electronic safety event
database (Patient Safety Net, Vizient, Chicago, IL, USA) that provides an online portal for passive
surveillance. This incident reporting is a voluntary patient safety event reporting system, which relies
on those involved in events to provide detailed information (Figure S1). Any healthcare worker (HCW)
from our institution can submit an incident report via the electronic system. All submitted reports
are reviewed daily, and the hospital’s Safety Oversight Team (physicians, nurses, quality engineers,
associate chief quality officers, and chief quality officer) meets three times per week to discuss selected
cases and to identify systems problems and systems solutions.

The AHRQ (Agency for Healthcare Research and Quality) Common Format Harm Score v1.1
was assigned to each submitted report. Using the score (1 through 9), each safety event was classified
as: a serious safety event (a deviation from generally accepted performance standards that reached
the patient and resulted in moderate to severe harm or death); a precursor safety event (reached the
patient and resulted in minimal harm or no detectable harm); or a near miss safety event (did not
reach the patient) [9]. Harm scores 7 (permanent harm), 8 (severe permanent harm), and 9 (death)
were reclassified as serious safety events. Harm scores 3 (no harm evident, physical or otherwise),
4 (emotional distress or inconvenience), 5 (additional treatment), and 6 (temporary harm) were
reclassified as precursor safety events. Harm score 2 events were considered near miss safety events.
Harm score 1 (unsafe condition) cases were not reclassified (Table 1).

Table 1. Harm score classification.

Class Score Harm

Serious safety event
9 Death
8 Severe permanent harm
7 Permanent harm

Precursor safety event

6 Temporary harm
5 Additional treatment
4 Emotional distress or inconvenience
3 No harm evident, physical or otherwise

Near miss safety event 2 Did not reach the patient

Unsafe condition safety event 1 Unsafe condition

Data from the Patient Safety Net system were exported to an Excel file and included age, gender,
location of the patient (ward vs. ICU), type of safety event (adverse reaction; anesthesia event; behavioral
event; care coordination/communication; complication of surgery; complication of care; problems with
equipment/devices; fall; food/nutrition; medical records/patient identification; medication-related;
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omission/errors in assessment, diagnosis, or monitoring; radiology test; transfusion), type of harm,
and patient outcome.

To determine the preventability of a serious safety event, we adopted the best practice-based
assessment method [14].

Statistical Analysis

A descriptive analysis was performed to define the proportion of patients with specific safety
events and outcomes of interest (no harm or the level of harm, including death). Differences in
proportions were compared using a Chi-square test or Fisher’s exact test when appropriate. Mean
values were reported ±1 SD (standard deviation). All tests of significance were two-tailed.

3. Results

Over the three years, there were 31,817 events reported. Of these, 85.9% (27,315) were patient
events and 14.1% (4502) were unsafe conditions events (Table 2).

Table 2. Reported safety events.

Total 2014 2015 2016

Hospital admissions 104,535 33,429 34,740 36,366
Patient-days 657,084 207,973 214,194 234,917
Safety events 31,817 8911 10,663 12,243

Patient-related safety events 27,315 7927 9499 9889
Patients with one patient event reported, n (%) 18,202 (66.6) 5981 (75.5) 6663 (70.1) 5558 (56.2)
Patients with ≥2 patient events reported, n (%) 9113 (33.4) 1946 (24.5) 2836 (29.9) 4331 (43.8)

Unsafe condition events reported 4502 984 1164 2354
Serious safety events (SSEs) 37 15 7 15

Proportion of patient events that were SSE (%) 0.14 0.19 0.07 0.15
Rate of SSE (per 100,000 patient-days) 5.6 7.2 3.3 6.4

The total number of patient admissions was 33,429 in 2014, 34,740 in 2015, and 36,366 in 2016.
Almost two-thirds (66.6%) of the patient events involved unique patients. The remainder represented
multiple events per patient. The mean age was 46.2 ± 25.9 years; 3.1% occurred in patients < 1-year-old,
23.7% in patients 1–18 years old, and 23.6% in patients ≥ 65 years old. The gender distribution was
45.4% female and 54.6% male.

The majority (77.3%) of safety events were precursor safety events (reached the patient and
resulted in minimal harm or no detectable harm, Table 3). Near misses accounted for 10.8%, unsafe
conditions for 11.8%, and serious safety events (reached the patient and resulted in moderate to
severe harm or death) accounted for 0.1%. The rate of reported serious safety events was 5.6/100,000
patient days or 3.5/10,000 admissions. Less than 5% of reported events were associated with any
level of physical harm. Emotional distress or inconvenience occurred in 23.5%, and 9.8% required
additional treatment without harm (Table 3). Medication errors were the most prevalent event type
(20.3%), followed by laboratory events (14.5%) and problems related to the coordination of care or
communication (9.3%).

With regards to medication safety events, the most prevalent had a wrong dose (17.1%), followed
by a narcotics discrepancy (10.2%), prescription issues (4.1%), and a wrong dosing frequency (3.4%).
The most prevalent laboratory safety event was specimen labeling (73.6%), followed by specimen
collection problems (10.4%), specimen quality issues (5.4%), and transport of specimen (1.8%).



Int. J. Environ. Res. Public Health 2020, 17, 353 4 of 11

Table 3. Descriptive epidemiology of safety events.

Demographic Data Total
(n = 31,817)

2014
(8911)

2015
(10,633)

2016
(12,243)

Age (mean ± SD) * 46.6 ± 25.9 46.8 ± 26.2 46.8 ± 26.1 46.2 ± 25.6
Female gender 45.4 46.2 44.8 48.3

Location: % % % %

• Intensive Care Unit 12.8 12.1 11.5 14.6
• Non-Intensive Care Unit 87.2 87.9 88.5 85.4
Total 100 100 100 100

Harm score: % % % %

• Unsafe condition 11.8 11.0 10.9 13.1
• Near miss 10.8 9.7 9.4 12.9
• No harm evident, physical or otherwise 39.2 42.4 42.4 34.1
• Emotional distress or inconvenience 23.5 22.2 24.3 23.7
• Additional treatment 9.8 9.6 9.9 9.8
• Temporary harm 4.8 5.0 3.1 6.3
• Permanent harm <0.1 0.1 <0.1 <0.1
• Severe permanent harm <0.1 0.1 <0.1 <0.1
• Death 0.1 <0.1 <0.1 <0.1
Total 100 100 100 100

Event type: % % % %

• Medication 20.3 21.2 18.5 20.1
• Laboratory 14.5 16.9 14.7 12.6
• Coordination/communication 9.3 9.5 10.7 7.9
• Equipment 7.8 8.0 7.9 7.6
• Fall 7.3 6.9 7.1 7.8
• Complication of care (surgical) 4.6 5.4 5.0 4.1
• Transfusion 4.5 4.4 4.9 4.2
• Radiology 3.1 4.1 3.0 3.1
• Complication of care (non-surgical) 3.3 3.4 3.6 2.5
• Others 25.2 20.2 24.6 30.1
Total 100 100 100 100

* Standard deviation (SD).

With regards to the location of the reported safety events, 12.8% occurred in ICUs, 35% occurred
in wards, 13.6% occurred in the operating room, 4.7% in the emergency department, and 3.4% occurred
in the ambulatory setting.

Evaluating the harm score categories by each event type (Table 4), we found that medication
errors accounted for nearly one-half of near misses (40.4%). Coordination and communication issues
accounted for 27.2% of severe permanent harm cases and falls accounted for 18.2%.
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Table 4. Harm score and event type (percentage within harm score).

Harm Score (N = 31,817)

Event type

Unsafe
Condition
N = 3750

%

Near Miss
N = 3439

%

No Harm
Evident *

N = 12,477
%

Emotional
Distress **
N = 7469

%

Additional
Treatment
N = 3105

%

Temporary
Harm

N = 1540
%

Permanent
Harm
N = 10

%

Severe
Permanent Harm

N = 11
%

Death
N = 16

%

Medication
(n = 6465) 30.6 40.4 20.0 9.3 19.7 7.7 0.0 9.1 18.7

Laboratory
(n = 4617) 1.7 7.7 18.8 24.3 3.7 1.0 0.0 0.0 0.0

Coordination/
communication

(n = 2942)
8.6 7.4 8.0 14.9 6.5 3.5 0.0 27.2 12.5

Equipment
(n = 2486) 17.2 11.8 8.0 3.1 5.6 1.8 0.0 0.0 0.0

Fall
(n = 2336) 0.3 0.9 11.7 5.2 10.1 8.3 10.0 18.2 12.5

Complication of care
(surgical)
(n = 1464)

4.0 4.5 5.3 2.3 5.9 8.9 40.0 9.1 18.8

Transfusion
(n = 1425) 0.6 1.0 3.7 11.8 0.7 0.3 0.0 0.0 0.0

Complication of care
(non-surgical)

(n = 989)
0.6 0.7 1.8 3.3 12.3 5.7 10.0 9.1 25.0

Radiology
(n = 1063) 0.5 1.7 2.4 5.7 6.6 3.4 10.0 9.1 0.0

Others
(n = 8030) 35.9 23.9 20.3 20.1 28.9 59.4 30.0 18.2 12.5

Total 100 100 100 100 100 100 100 100 100

* No harm evident, physical or otherwise; ** Emotional distress or inconvenience.
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Of the 15 deaths reported in the study period, four were related to surgical or interventional
procedures, which, on further review, were determined to be unavoidable complications in high-risk
patients. One was related to an unhelmeted motorcycle crash with unsuccessful attempts at surgical
and non-surgical procedures to secure the airway. Three cases were thought to be due to unusual
adverse medication reactions, two of which were unavoidable, while the third was potentially avoidable
(ciprofloxacin and warfarin interaction with close coagulation monitoring). In these cases, the Naranjo
Adverse Drug Reaction Probability Scale score was in the possible range. Two cases were related to
unavoidable fall-related injuries that occurred despite the implementation of universal fall precautions.
Two cases involved self-harm in psychiatric patients (one inpatient, one outpatient), and the three
remaining cases were thought to be due to the severity of their medical illnesses (pulmonary embolus
associated with a vascular access device, severe H1N1 influenza pneumonia, and refractory normal
pressure hydrocephalus).

The majority of falls (62.3%) resulted in no harm, as did laboratory events (50.7%) and surgical
complications (45.1%). A significant proportion of equipment-related events (40.1%) and medication
errors (38.7%) also caused no harm. Emotional distress was the most common harm associated with
transfusion events (61.6%) and radiology events (40.3%) (Table 5).
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Table 5. Harm score and event type (percentage within event type).

Harm Score

Event Type
(N = 31,817)

Unsafe
Condition
N = 3750

Near Miss
N = 3439

No Harm
Evident *

N = 12,477

Emotional
Distress **
N = 7469

Additional
Treatment
N = 3105

Temporary
Harm

N = 1540

Permanent
Harm
N = 10

Severe
Permanent Harm

N = 11

Death
N = 16 Total

Medication
(n = 6465) % 17.8 21.5 38.7 10.7 9.4 1.8 0 <0.1 0.1 100

Laboratory
(n = 4617) % 1.4 5.7 50.7 39.4 2.5 0.3 0 0 0 100

Coordination/
communication

(n = 2942) %
10.9 8.7 33.8 37.7 6.9 1.8 0 0.1 0.1 100

Equipment
(n = 2486) % 26 16.4 40.1 9.4 7 1.1 0 0 0 100

Fall
(n = 2336) % 0.5 1.3 62.3 16.8 13.4 5.5 <0.1 0.1 0.1 100

Complication of
care (surgical)
(n = 1464) %

10.2 10.5 45.1 11.7 12.5 9.4 0.3 0.1 0.2 100

Transfusion
(n = 1425) % 1.6 2.4 32.6 61.6 1.5 0.3 0 0 0 100

Complication of
care (non-surgical)

(n = 989) %
2.2 2.2 22.9 24.6 38.6 8.9 0.1 0.1 0.4 100

Radiology
(n = 1063) % 1.7 5.5 28 40.3 19.3 5 0.1 0.1 0 100

Others
(n = 8030) % 16.8 10.3 31.6 18.7 11.2 11.4 <0.1 <0.1 <0.1 100

* No harm evident, physical or otherwise; ** Emotional distress or inconvenience.
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Specific hospital settings were also analyzed separately. In the psychiatric units, which accounted
for 1.5% of the patient safety events (n = 471), the most common reports were behavioral events
(36%), falls (15.7%) and medication-related issues (10.4%). In the operating room (n = 4319),
the principal safety events were issues related to the surgery (18.3%), care coordination/communication
(8.8%), medication-related issues (8.8%), and transfusions (6.5%). In the emergency department
(n = 1498), the most common patient safety events were related to laboratory tests (23%), care
coordination/communication (16.3%), and transfusions (9.4%).

There was a statistically significant decrease in the number of serious safety events between 2014
and 2015 (15 vs. 7, OR 2.57 95% CI 1.05–6.30, p = 0.03), despite a 20% increase in the overall number of
safety events reported. However, there was no statistically significant difference between 2014 and
2016 (15 vs. 15, OR 1.37 95% CI 0.67–2.81, p = 0.38), despite a 27% increase in the overall number of
events reported. In addition, the proportion of safety events that were serious in ICU patients (0.2%,
9/4088) was significantly higher than in non-ICU patients (0.1%, 28/27,729; OR 2.18, 95% CI 1.03–4.63,
p = 0.037).

4. Discussion

This study showed that the number of reported voluntarily serious safety events at a tertiary
medical center was low, accounting for only 0.1% of all safety events. We hypothesized that we
would find a higher proportion of serious safety events in ICUs than in non-ICU wards, given that
intensive care patients are critically ill and undergo many invasive procedures [15], and this was
confirmed by our study. Other studies have also demonstrated a higher number of adverse events in
ICU patients [16] via medical record review [17,18], while our study analyzed safety events reported by
HCWs through a passive surveillance system. A study conducted in 26 acute care hospitals throughout
the United States, that also voluntarily reported safety events (92,527 reports), showed events that
reached a patient made up the majority of reports, of which two-thirds caused no harm to the patient
and slightly over 1% resulted in permanent or life-threatening harm or death [7]. A recent systematic
review showed that more than one-third of systematic reviews did not fully report the outcome of
the adverse events [19]. This is why we decided to publish our data and encourage other hospitals to
report adverse events and promote research to mitigate their risks.

From our analysis, it is important to note that the majority of our reported safety events were
medication-related. Medication safety events are common, but often preventable, and impose
substantial costs on the healthcare system [18]. Fortunately, nearly 40% of medication safety events
were near misses. Of the three reported severe safety events that were medication-related, two were
not preventable, while the third was possibly preventable. We adopted a practice assessment to
evaluate the preventability of a severe safety event, due to the complexities and variations of these
events in clinical practice [14]. Using the same method, a recent study showed that more than half
(64%) of adverse drug events are probably or definitely preventable [20]. A published meta-analysis
estimating the percentage of patients with preventable adverse drug reactions and the preventability
of adverse drug reactions in adult outpatients and inpatients showed that among adult outpatients, 2%
had preventable adverse drug reactions and 52% of adverse drug reactions were preventable; among
inpatients, 1.6% had preventable adverse drug reactions and 45% of adverse drug reactions were
preventable [21]. Of note, our hospital has used a bar-coding system for medication administration
since 2009. A recent study showed a reduction of 43.5% in reported medication administration errors
after implementing bar-code medication administration technology in the inpatient setting, resulting
in a reduction of 55.4% in actual patient harm events [22].

Care coordination and communication issues were one of the most prevalent safety event types,
and our descriptive analysis showed that these were responsible for almost 40% of reported events
resulting in severe permanent harms. Although not all errors may be preventable, it is important
to improve healthcare worker performance concerning cognitive and behavioral issues that impact
communication [23]. A qualitative study highlighted that formal and informal communication is
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important in supporting patient care [24], but a recent integrative review did not find an intervention
that is most effective for improving nurse–physician communication [25].

This study has several limitations. The main limitation was that the data were obtained through a
passive surveillance system, where the reporting was voluntary, particularly since it is known that
errors are underreported worldwide [26,27]. The advantages of voluntary event reporting systems
include their relative acceptability and the involvement of frontline personnel in identifying safety
hazards for the institutions. Voluntary event reporting systems are generally confidential and can also
be anonymous: Neither the patient nor the reporter can be identified [8,28]. Another concern is that
near miss safety events may be even more underreported, while serious safety errors are more likely to
be reported [1,9,29]. What contributes to the high number of reported safety events (more than 30,000
in the study period) is a system that is non-punitive and easy to use. We have reported a wide variety
of different types and severities of safety events and have not only recorded the most serious events.
Similar findings were reported for previous studies [6,7,30]. On the other hand, events reported were
subjected to selection bias due to their voluntary nature [28,31]. A recent systematic review about
the classification of patient safety incidents in primary care found 38 studies, and these covered 21
distinct systems for the classification of harm severity [6]. Out of these 21 existing approaches to
the classification of harm in patient-safety incidents, only six of these approaches took psychological
outcomes, described as emotional, mental, or psychological harm [6]. However, for some safety events,
the impact of psychological stress may be greater than physical harm [32]. Lastly, the events reported
in our study were not assessed for preventability.

Previous studies on medical errors have shown a high degree of compliance with reporting [3,33].
Although our surveillance system may have had limitations, the reasoning for this belief was more
efficient and thus was ultimately more effective than actively searching for safety events in medical
records. Nonetheless, we were not able to estimate the proportion of serious safety events that were not
reported. Education on the importance of reporting safety events, most importantly the near misses,
must be an ongoing process.

5. Conclusions

Safety events are still of great concern and require continued monitoring. The reporting and
analysis of these events should lead to a better understanding of risks in patient care and ways to
mitigate it. Although the number of reported serious safety events was low, this is an opportunity to
disseminate knowledge and motivate other institutions to implement evidence-based best practices for
improving the quality and safety of patient care.
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Figure S1: University of Iowa Hospitals and Clinics Safety Event Algorithm.

Author Contributions: Conceptualization, A.R.M. and M.B.E.; methodology, A.R.M., A.A., M.A., T.M.H.B., and
M.B.E.; software, A.R.M., A.A., and M.A.; validation, A.R.M., A.A., M.A., T.M.H.B., and M.B.E.; formal analysis,
A.R.M., A.A., and M.A.; investigation, A.R.M., A.A., M.A., T.M.H.B., and M.B.E.; resources, T.M.H.B. and M.B.E.;
data curation, A.R.M. and M.B.E.; writing—original draft preparation, A.R.M., A.A., M.A., T.M.H.B., and M.B.E.;
writing—review and editing, A.R.M., A.A., M.A., T.M.H.B., and M.B.E.; visualization, A.R.M., A.A., and M.A.;
supervision, M.B.E. and T.M.H.B.; project administration, A.R.M. and M.B.E. All authors have read and agreed to
the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Taylor, N.; Clay-Williams, R.; Hogden, E.; Pye, V.; Li, Z.; Groene, O.; Sunol, R.; Braithwaite, J. Deepening our
Understanding of Quality in Australia (DUQuA): A study protocol for a nationwide, multilevel analysis of
relationships between hospital quality management systems and patient factors. BMJ Open 2015, 5, e010349.
[CrossRef] [PubMed]

http://www.mdpi.com/1660-4601/17/1/353/s1
http://dx.doi.org/10.1136/bmjopen-2015-010349
http://www.ncbi.nlm.nih.gov/pubmed/26644128


Int. J. Environ. Res. Public Health 2020, 17, 353 10 of 11

2. Singh, H.; Sittig, D.F. Measuring and improving patient safety through health information technology:
The Health IT Safety Framework. BMJ Qual. Saf. 2016, 25, 226–232. [CrossRef] [PubMed]

3. Boaz, A.; Hanney, S.; Jones, T.; Soper, B. Does the engagement of clinicians and organisations in research
improve healthcare performance: A three-stage review. BMJ Open 2015, 5, e009415. [CrossRef] [PubMed]

4. Banerjee, A.K.; Okun, S.; Edwards, I.R.; Wicks, P.; Smith, M.Y.; Mayall, S.J.; Flamion, B.; Cleeland, C.; Basch, E.
Patient-Reported Outcome Measures in Safety Event Reporting: PROSPER Consortium guidance. Drug Saf.
2013, 36, 1129–1149. [CrossRef]

5. Ramachandran, S.K.; Kheterpal, S. Outcomes research using quality improvement databases: Evolving
opportunities and challenges. Anesthesiol. Clin. 2011, 29, 71–81. [CrossRef]

6. Cooper, J.; Williams, H.; Hibbert, P.; Edwards, A.; Butt, A.; Wood, F.; Parry, G.; Smith, P.; Sheikh, A.;
Donaldson, L.; et al. Classification of patient-safety incidents in primary care. Bull. World Health Organ. 2018,
96, 498–505. [CrossRef]

7. Milch, C.E.; Salem, D.N.; Pauker, S.G.; Lundquist, T.G.; Kumar, S.; Chen, J. Voluntary electronic reporting
of medical errors and adverse events. An analysis of 92,547 reports from 26 acute care hospitals. J. Gen.
Intern. Med. 2006, 21, 165–170. [CrossRef]

8. DeFrances, C.J.; Hall, M.J. 2005 National hospital discharge survey. Adv. Data 2007, 385, 1–19.
9. SEC & SSER Patient Safety Measurement System for Healthcare. In HPI White Paper Series. Revision 2;

Healthcare Performance Improvement, LLC: South Bend, IN, USA, 2011.
10. Sharek, P.J.; Parry, G.; Goldmann, D.; Bones, K.; Hackbarth, A.; Resar, R.; Griffin, F.A.; Rhoda, D.; Murphy, C.;

Landrigan, C.P. Performance characteristics of a methodology to quantify adverse events over time in
hospitalized patients. Health Serv. Res. 2011, 46, 654–678. [CrossRef]

11. Cohen, M.R. Why error reporting systems should be voluntary. BMJ 2000, 320, 728–729. [CrossRef]
12. Kohn, L.T.; Corrigan, J.; Donaldson, M.S. To Err is Human: Building a Safer Health System; National Academy

Press: Washington, DC, USA, 2000; p. 287.
13. Pham, J.C.; Girard, T.; Pronovost, P.J. What to do with healthcare incident reporting systems. J. Public

Health Res. 2013, 2, e27. [CrossRef] [PubMed]
14. Woo, S.A.; Cragg, A.; Wickham, M.E.; Peddie, D.; Balka, E.; Scheuermeyer, F.; Villanyi, D.; Hohl, C.M.

Methods for evaluating adverse drug event preventability in emergency department patients. BMC Med.
Res. Methodol. 2018, 18, 160. [CrossRef] [PubMed]

15. Kemper, P.F.; de Bruijne, M.; van Dyck, C.; So, R.L.; Tangkau, P.; Wagner, C. Crew resource management
training in the intensive care unit. A multisite controlled before-after study. BMJ Qual. Saf. 2016, 25, 577–587.
[CrossRef] [PubMed]

16. Huerta, T.R.; Walker, C.; Murray, K.R.; Hefner, J.L.; McAlearney, A.S.; Moffatt-Bruce, S. Patient safety errors:
Leveraging health information technology to facilitate patient reporting. J. Healthc. Qual. Off. Publ. Natl.
Assoc. Healthc. Qual. 2016, 38, 17–23. [CrossRef]

17. Latif, A.; Rawat, N.; Pustavoitau, A.; Pronovost, P.J.; Pham, J.C. National study on the distribution,
causes, and consequences of voluntarily reported medication errors between the ICU and non-ICU settings.
Crit. Care Med. 2013, 41, 389–398. [CrossRef]

18. Valentin, A.; Capuzzo, M.; Guidet, B.; Moreno, R.; Metnitz, B.; Bauer, P.; Metnitz, P. Errors in administration
of parenteral drugs in intensive care units: Multinational prospective study. BMJ 2009, 338, b814. [CrossRef]

19. Parsons, R.; Golder, S.; Watt, I. More than one-third of systematic reviews did not fully report the adverse
events outcome. J. Clin. Epidemiol. 2019, 108, 95–101. [CrossRef]

20. Woo, S.A.; Cragg, A.; Wickham, M.E.; Villanyi, D.; Scheuermeyer, F.; Hau, J.P.; Hohl, C.M. Preventable
adverse drug events: Descriptive epidemiology. Br. J. Clin. Pharm. 2019. [CrossRef]

21. Hakkarainen, K.M.; Hedna, K.; Petzold, M.; Hagg, S. Percentage of patients with preventable adverse
drug reactions and preventability of adverse drug reactions—A meta-analysis. PLoS ONE 2012, 7, e33236.
[CrossRef]

22. Thompson, K.M.; Swanson, K.M.; Cox, D.L.; Kirchner, R.B.; Russell, J.J.; Wermers, R.A.; Storlie, C.B.;
Johnson, M.G.; Naessens, J.M. Implementation of bar-code medication administration to reduce patient
harm. Mayo Clin. Proc. Innov. Qual. Outcomes 2018, 2, 342–351. [CrossRef]

23. Carayon, P.; Xie, A.; Kianfar, S. Human factors and ergonomics as a patient safety practice. BMJ Qual. Saf.
2014, 23, 196–205. [CrossRef] [PubMed]

http://dx.doi.org/10.1136/bmjqs-2015-004486
http://www.ncbi.nlm.nih.gov/pubmed/26369894
http://dx.doi.org/10.1136/bmjopen-2015-009415
http://www.ncbi.nlm.nih.gov/pubmed/26656023
http://dx.doi.org/10.1007/s40264-013-0113-z
http://dx.doi.org/10.1016/j.anclin.2010.11.005
http://dx.doi.org/10.2471/BLT.17.199802
http://dx.doi.org/10.1111/j.1525-1497.2006.00322.x
http://dx.doi.org/10.1111/j.1475-6773.2010.01156.x
http://dx.doi.org/10.1136/bmj.320.7237.728
http://dx.doi.org/10.4081/jphr.2013.e27
http://www.ncbi.nlm.nih.gov/pubmed/25170498
http://dx.doi.org/10.1186/s12874-018-0617-4
http://www.ncbi.nlm.nih.gov/pubmed/30514232
http://dx.doi.org/10.1136/bmjqs-2015-003994
http://www.ncbi.nlm.nih.gov/pubmed/26843412
http://dx.doi.org/10.1097/JHQ.0000000000000022
http://dx.doi.org/10.1097/CCM.0b013e318274156a
http://dx.doi.org/10.1136/bmj.b814
http://dx.doi.org/10.1016/j.jclinepi.2018.12.007
http://dx.doi.org/10.1111/bcp.14139
http://dx.doi.org/10.1371/journal.pone.0033236
http://dx.doi.org/10.1016/j.mayocpiqo.2018.09.001
http://dx.doi.org/10.1136/bmjqs-2013-001812
http://www.ncbi.nlm.nih.gov/pubmed/23813211


Int. J. Environ. Res. Public Health 2020, 17, 353 11 of 11

24. Burm, S.; Boese, K.; Faden, L.; DeLuca, S.; Huda, N.; Hibbert, K.; Goldszmidt, M. Recognising the importance
of informal communication events in improving collaborative care. BMJ Qual. Saf. 2018. [CrossRef]
[PubMed]

25. Wang, Y.-Y.; Wan, Q.-Q.; Lin, F.; Zhou, W.-J.; Shang, S.-M. Interventions to improve communication between
nurses and physicians in the intensive care unit: An integrative literature review. Int. J. Nurs. Sci. 2018, 5,
81–88. [CrossRef] [PubMed]

26. Baker, G.R.; Norton, P.G.; Flintoft, V.; Blais, R.; Brown, A.; Cox, J.; Etchells, E.; Ghali, W.A.; Hebert, P.;
Majumdar, S.R.; et al. The Canadian Adverse Events Study: The incidence of adverse events among hospital
patients in Canada. Can. Med. Assoc. J. 2004, 170, 1678–1686. [CrossRef] [PubMed]

27. Zegers, M.; de Bruijne, M.C.; Wagner, C.; Hoonhout, L.H.; Waaijman, R.; Smits, M.; Hout, F.A.; Zwaan, L.;
Christiaans-Dingelhoff, I.; Timmermans, D.R.; et al. Adverse events and potentially preventable deaths
in Dutch hospitals: Results of a retrospective patient record review study. Qual. Saf. Health Care 2009, 18,
297–302. [CrossRef] [PubMed]

28. Reporting Patient Safety Events. Available online: https://psnet.ahrq.gov/primer/reporting-patient-safety-
events (accessed on 13 December 2019).

29. Uribe, C.L.; Schweikhart, S.B.; Pathak, D.S.; Dow, M.; Marsh, G.B. Perceived barriers to medical-error
reporting: An exploratory investigation. J. Healthc. Manag. Am. Coll. Healthc. Exec. 2002, 47, 263–279.
[CrossRef]

30. Arabi, Y.; Alamry, A.; Al Owais, S.M.; Al-Dorzi, H.; Noushad, S.; Taher, S. Incident reporting at a tertiary care
hospital in Saudi Arabia. J. Patient Saf. 2012, 8, 81–87. [CrossRef]

31. Evans, S.M.; Berry, J.G.; Smith, B.J.; Esterman, A.; Selim, P.; O’Shaughnessy, J.; DeWit, M. Attitudes and
barriers to incident reporting: A collaborative hospital study. Qual. Saf. Health Care 2006, 15, 39–43.
[CrossRef]

32. Masso Guijarro, P.; Aranaz Andres, J.M.; Mira, J.J.; Perdiguero, E.; Aibar, C. Adverse events in hospitals: The
patient’s point of view. Qual. Saf. Health Care 2010, 19, 144–147. [CrossRef]

33. McKaig, D.; Collins, C.; Elsaid, K.A. Impact of a reengineered electronic error-reporting system on medication
event reporting and care process improvements at an urban medical center. Jt. Comm. J. Qual. Patient Saf.
2014, 40, 398–407. [CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1136/bmjqs-2017-007441
http://www.ncbi.nlm.nih.gov/pubmed/30121585
http://dx.doi.org/10.1016/j.ijnss.2017.09.007
http://www.ncbi.nlm.nih.gov/pubmed/31406806
http://dx.doi.org/10.1503/cmaj.1040498
http://www.ncbi.nlm.nih.gov/pubmed/15159366
http://dx.doi.org/10.1136/qshc.2007.025924
http://www.ncbi.nlm.nih.gov/pubmed/19651935
https://psnet.ahrq.gov/primer/reporting-patient-safety-events
https://psnet.ahrq.gov/primer/reporting-patient-safety-events
http://dx.doi.org/10.1097/00115514-200207000-00009
http://dx.doi.org/10.1097/PTS.0b013e31824badb7
http://dx.doi.org/10.1136/qshc.2004.012559
http://dx.doi.org/10.1136/qshc.2007.025585
http://dx.doi.org/10.1016/S1553-7250(14)40052-7
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

