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ABSTRACT

Introduction
To improve the medication safety for children, it is important to quantify the occurrence 
of preventable medication errors (MEs). A trigger tool may be an effective and time-
saving strategy, but its measurement performance is unclear. Therefore, we aimed to 
estimate the performance of a pediatric medication-focused trigger tool in detecting 
harmful MEs.

Methods
Firstly, we established a multi-faceted method as a reference comparison. Secondly, we 
compared the pediatric medication-focused trigger tool with the multi-faceted method 
in a new cohort of patients. All patients admitted in February and March 2013 were 
screened using the trigger tool and the multi-faceted method to obtain full verification. 
Data collection was performed in separate teams to guarantee blinding of the test 
results.

Results
Review of the clinical records and the voluntary incident reports were most effective 
in detecting harmful MEs, so this approach was chosen as reference comparison. In 
the second part of the study 369 patients were included. The multi-faceted method 
identified 33 harmful MEs. In contrast, the trigger tool did not identify any harm. When 
the two symptoms pain and nausea/vomiting were added to the trigger tool, 19 harmful 
MEs were identified. This extended trigger tool resulted in a sensitivity of 21.2 and a 
positive predictive value of 36.8.

Conclusion
The original pediatric medication-focused trigger tool yielded only false positive scores 
and left unsafe situations undiscovered. We conclude that a multi-faceted method 
remain the preferred method to detect harmful MEs. The additional value of the trigger 
tool stays unclear.
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INTRODUCTION

Medication related adverse events are one of the most common type of adverse events, 
that endangers hospitalized patients [1-4]. A substantial part of these adverse events 
are preventable and must be considered medication errors (MEs) [5,6]. Children are 
especially at high risk of harm, because MEs are potentially more hazardous to them 
than to adults [7,8]. To move forward toward preventive interventions, it is necessary to 
be able to quantify medication safety. However, measuring MEs accurately is difficult, 
and the results of the various measurement methods vary widely [9-11]. Therefore, to 
obtain reliable data, a multi-faceted approach is recommended [12]. However, such 
an approach is time consuming, thus hampering both routine monitoring and clinical 
research.
 To overcome this problem, the trigger tool methodology has been developed. A 
trigger tool is a collection of “alerts”, that serve as indicators of potential adverse events 
[13]. In recent decades, several trigger tools have been developed, including trigger 
tools to measure specific adverse events (such as adverse drug events) [14-18] as well as 
trigger tools to be used in specific patient populations (e.g. children) [19-21].
 Research on trigger tools designed specifically to detect adverse drug events in 
children is limited. To the best of our knowledge, only one pediatric medication-focused 
trigger tool has been developed [18], and the measurement performance of this trigger 
tool is not yet studied in depth. Moreover, most studies have focused on all adverse 
drug events and did not have specifically investigated preventable drug events defined 
as MEs. This knowledge is essential to develop risk reduction programs and therewith 
the medication safety for children.
 Therefore, in this study our aim was to (a) estimate the performance of a pediatric 
medication-focused trigger tool in detecting harmful MEs, using a multi-faceted method 
as reference comparison, and to (b) calculate the time investments needed for the use 
of the trigger tool and multi-faceted method. Patients of interest were hospitalized 
children from birth up to 18 years old.

METHODS

Setting and study population
The study took place at the Emma Children’s Hospital in the Netherlands, which is part 
of the Academic Medical Center and is affiliated with the University of Amsterdam. We 
conducted our study on three general pediatric wards and a pediatric oncology ward. 
All patients who were admitted to one of these wards with at least one medication 
prescription during the study period were eligible. Patients with a hospital admission 
shorter than 24 hours and patients participating in other medication trials were excluded.
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Study design
We conducted a cross-sectional study consisting of two parts. In the first part, we 
established a multi-faceted method to identify harm due to MEs in order to obtain a 
reference comparison. In the second part, we compared this multi-faceted method 
with the pediatric medication-focused trigger tool [18] in a new cohort of patients. 
The primary outcome was patient harm due to MEs. The secondary outcome was the 
difference in time investment between the two methods. We used the definitions and 
categories for error and harm as described by the National Coordinating Council for 
Medication Error Reporting and Prevention (NCC MERP) [22]. 
 The Institutional Review Board of the AMC determined that the protocol did not 
require medical ethical approval according to the Dutch Medical Ethics Law. All data 
were analyzed and reported anonymously.

Part 1: Establishing the multi-faceted method 
In the first part of this study, we established the most effective combination of methods 
to identify harmful MEs. To do this, we reanalyzed the clinical data from a previous 
study, in which we used four methods: review of the clinical records, analysis of incident 
reports, direct observations and analysis of pharmacy logs [23].

Part 2: Estimating the performance of the pediatric medication-related trigger tool
To establish the performance of the pediatric medication-related trigger tool, we used 
a new consecutive cohort of patients admitted in the period between 1 February 
2013 and 31 March 2013. All included patients were screened for harmful MEs using 
the pediatric medication-focused trigger tool and the multi-faceted method to obtain 
full verification. We created two teams, each consisting of a pediatrician, a pediatric 
nurse and a research assistant, who were responsible for the data collection with the 
trigger tool and the multi-faceted method. To guarantee blinding of the test results, the 
two teams worked independently and were each unaware of the results of the other 
team. The pediatricians and pediatric nurses all had at least five years postgraduate 
experience and were members of the ward safety teams. The teams were assisted by 
a qualified pharmacy assistant and a registered nurse, who were supervised on a daily 
basis by the last author. Prior to the start of data collection, the protocol was discussed 
in the teams to ensure a clear understanding of definitions and methods. The research 
assistants were trained with help of the Pediatric Trigger Toolkit [24] and an instruction 
sheet based on the local situation, followed by a pilot to test their understanding. Data 
were collected on digital case record forms. 
 We adapted the pediatric medication-focused trigger tool developed by Takata et 
al. [18]. Some triggers were slightly changed to reflect the Dutch situation. In addition, 
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two triggers on pain and nausea/vomiting that were established as symptoms 
associated with harmful MEs in our previous research were added to the trigger tool. 
The performance of both the original and the extended version of the trigger tool 
was studied separately [23]. The clinical records of all included patients were reviewed 
manually using the trigger tool. When a trigger was found, a full review of the clinical 
records was performed to determine if a harmful ME was associated with the trigger. MEs 
that were found “spontaneously” and were not associated with a trigger were ignored. 
 The clinical records of all included patients were reviewed and analyzed for harmful 
MEs. Data were extracted from the medication overviews, medication administration 
records, medical progress summaries, medical daily notes, medical order sheets, nursing 
daily notes, nursing order sheets, symptom registrations, and anesthetist postoperative 
notes. In addition, the incident reports that involved MEs were analyzed. This method 
created ten locations per patient where a ME could be identified. 

Time investment
The time investment needed to establish harmful MEs was recorded real time in 100 
patients, equally divided over the study period. For the trigger tool, the data collector 
recorded the time needed to identify a trigger as well as to determine if that trigger was 
associated with a ME. For the multi-faceted method the data collector recorded the time 
needed to perform a full review of a clinical record and an incident report.

Reliability
In order to study interobserver reliability, data from 100 included patients were collected 
using the trigger tool method by two reviewers (AB and MS) independently. We 
calculated the reliability of the identification of positive triggers, MEs and patient harm. 
Interobserver reliability of the multi-faceted approach had already been established in 
our previous study [23].

Analysis
Descriptive statistics were used to summarize patient demographics and MEs. If normally 
distributed, continuous values were expressed as mean and standard deviation (SD), 
otherwise median and interquartile range (IQR) were used. The performance of the 
pediatric medication-related trigger tool was described using sensitivity, specificity, 
positive and negative predictive values, and positive and negative likelihoods. The 95% 
confidence interval (95% CI) was used to quantify statistical uncertainty. Measures of 
interobserver reliability were calculated using percentages of absolute agreement and 
Kappa statistics. All analyses were performed using SPSS software (version 20.0, IBM, 
Armonk, NY, USA) and MedCalc software (version 12.7.5, Ostend, Belgium).
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RESULTS

Part 1: Establishing the multi-faceted method
We reanalyzed the data from a previous study that had a population of 426 patients. In 
these patients, a total of 327 MEs were identified, 39 of which had caused patient harm 
(9%). In total, 32 harmful MEs were found in clinical records (82%). The incident reports 
yielded 7 additional MEs that were considered harmful (18%). The observations yielded 
no harmful MEs and the pharmacy logs identified only 1 harmful ME (3%) that was also 
found in the clinical records. In conclusion, all MEs were found by review of the clinical 
records and analysis of the incident reports. This multi-faceted method was used as the 
reference comparison for the second part of the study.

Part 2: Estimating the performance of the pediatric medication-related 
trigger tool
Study population
During the 2-month study period, 384 patients met our inclusion criteria. The clinical 
data of 369 of these patients were collected; we could not evaluate 15 patients as a 
result of insufficient documentation. Our study population represented 1,864 admission 
days, during which 3,237 prescriptions were written and 18,476 medication doses were 
administered.  Patients’ characteristics are summarized in Table 1.

Table 1. Patient characteristics (n = 369)

Patient characteristic

Male, n (%) 208 (56)

Age in years, median (IQR) 8 (2-14)

Specialism, n (%)

- oncology 83 (22)

- pediatrics 58 (16)

- surgery 86 (23)

- orthopedics 26 (7)

- ear, nose and throat 36 (10)

- other 80 (22)

Surgery, n (%) 218 (59)

Planned admission, n (%) 292 (79)

Length of stay in days, median (IQR) 3 (2-5)

Medication orders, median (IQR) 6 (3-11)

Medication administrations, median (IQR) 18 (7-42)

IQR: interquartile range
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Prevalence of harmful MEs and severity of harm  
Based on the multi-faceted method, we found at least 1 ME in 168 patients (46%). A total 
of 242 MEs were identified, of which 33 had caused patient harm. In total 31 patients 
were affected by these harmful MEs, and 2 patients experienced 2 harmful events. 
Of the 33 harmful MEs, 27 were described in the clinical records, 5 were derived from 
incident reports and 1 was recorded in both. The observed harm was classified as minor 
(category E) in 91% (30 of 33) and significant (category F) in 9% (3 of 33). None of the 
observed MEs were categorized as permanent harmful, life-threatening or fatal. The 
results are summarized in Table 2 and Table 3.

Table 2. Prevalence of harmful medication errors

per 100 harmful MEs identified by the multi-faceted method  (n = 33)

patients n = 369 8.94

admission days n = 1,864 1.77

prescriptions  n = 3,237 1.02

doses administered n = 18,476 0.18

ME: medication error

Table 3. Severity of the medication errors

Categorya Prevalence Examples

E ME may have contributed to or resulted 
in temporary patient harm and required 
intervention.

30 Wrong rate of infusion pump with 
morphine resulted in postoperative pain; 
child needed extra bolus of analgesics.

Unintended discontinuation of anti-
epileptic home medication resulted in a 
convulsion.

F ME may have contributed to or resulted in 
temporary patient harm and required initial 
or prolonged hospitalization.

3 Omission in prescribing anti-emetics 
during chemotherapy resulted in severe 
vomiting and delay of discharge. 

ME: medication error
a  according to the National Coordinating Council for Medication Error Reporting and Prevention (NCC MERP)

Performance of the pediatric medication-focused trigger tool
With the use of the pediatric medication-focused trigger tool, a total of 392 positive 
triggers were identified in 204 patients. The trigger tool did not identify any MEs or 
harm, i.e. no relation was found between the positive triggers, MEs or harm. When two 
symptoms pain and nausea/vomiting were added to the trigger tool, the number of 
positive triggers increased to 688 in 270 patients. This extended trigger tool yielded 19 
harmful events in 18 patients. 
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 Out of the 3,690 possible harmful MEs that could be identified (ten locations to 
identify error multiplied by 369 patients), the multi-faceted method identified 33 
harmful MEs and the trigger tool (plus the symptoms pain and nausea/vomiting) 
successfully identified 19 harmful MEs. In total 7 harmful MEs were detected by both 
methods. This extended trigger tool resulted in a sensitivity of 21.2 and a positive 
predictive value of 36.8, when compared to the multi-faceted method. The performance 
of the extended trigger tool is summarized in Table 4 and an overview of the individual 
triggers is presented in Table 5.

Time investment
Use of the original trigger tool, required an average of 4.43 (SD 1.48) minutes and the 
extended trigger tool required an average of 7.18 (SD 1.87) minutes. The multi-faceted 
method required an average of 17.29 (SD 8.34) minutes per patient.  

Table 4. Performance of the pediatric medication-focused trigger tool

multi-faceted 
method:

harmful ME present

multi-faceted 
method:  

harmful ME absent
total

trigger tool: harmful ME present  7    12    19

trigger tool:   harmful ME absent 26 3,645 3,671

total 33 3,657 3,690

95% CI

sensitivity 21.2  9.0 -  38.9

specificity 99.7 99.4 -  99.8

positive predictive value 36.8 16.3 -  61.6

negative predictive value 99.3 99.0 -  99.5

positive likelihood ratio 64.6 27.2 - 153.8

negative likelihood ratio  0.8 0.7 -  0.9

ME: medication error, CI: confidence interval

Reliability
Interobserver reliability of the trigger tool was studied in 100 patients. For the original 
trigger tool we found a substantial reliability for the identification of positive triggers 
(Kappa 0.78, 95% CI 0.72-0.84). We found an overall agreement rate of 100% for ME 
identification and patient harm. For the extended trigger tool a substantial reliability 
was also found for the identification of positive triggers (Kappa 0.76, 95% CI 0.72-0.81). 
The interobserver reliability was fair for ME identification (Kappa 0.25, 95% CI 0.07-0.43) 
and patient harm (Kappa 0.28, 95% CI 0.08-0.48). 
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 The interobserver reliability of the multi-faceted approach had already been 
established in our previous study, resulting in Kappa’s for ME identification of 0.56 (95% 
CI 0.45-0.66) and patient harm of 0.64 (95% CI 0.40-0.88) [23]. 

Table 5. Information on the individual triggers (N = 369)

Trigger positive triggers patient harm

Medications

Antihistaminic usea  18  0

Vitamin K use  10  0

Flumazenil use   0  0

Naloxone use   0  0

Sodium polystyrene use   1  0

Anti-emetic use 120  0

Laxative or stool softener use  89  0

Laboratoryb

Serum glucose  78  0

Serum potassium  21  0

Serum creatinine   8  0

Serum Partial Thromboplastin Time (PTT)   6  0

Symptoms

Oversedation, lethargy, falls, hypotension  19  0

Rash  15  0

Painc 155 13

Nausea, vomitingc 141  6

Clinical interventions

Abrupt medication stop   0  0

Unplanned transfer to an intensive care unit, called codesd   7  0
a    antihistaminic according hospital’s formulary: cetirizine, clemastine or dimetindeen.
b  all laboratory triggers were scored positive when outside the hospital’s range of reference values.
c  not part of the original trigger tool.
d  unplanned transfer to an intensive care unit was added to the trigger

DISCUSSION 

We estimated the performance of a pediatric medication-focused trigger tool to detect 
harmful MEs, using a multi-faceted method as the reference comparison. This multi-
faceted approach identified 33 harmful MEs, but none were identified by the trigger tool. 
The trigger tool revealed only false positive scores and left harmful MEs undiscovered. 



156

Chapter 7

Even after modification by adding the symptoms pain and nausea/vomiting, the 
measurement performance was poor. 
 The inability of the trigger tool to detect (harmful) MEs in our study deviates from 
the results of other studies. Takata et al. identified 19 harmful MEs with the medication-
focused trigger tool in a population of 960 pediatric patients [18]. Furthermore, Burch 
discovered 5 harmful MEs in 59 patients with the same pediatric trigger tool in a 
rehabilitation hospital [25]. Trigger tools developed for adult inpatients were also 
able to identify adverse drug events and MEs [14,17,26]. Conflicting results have been 
reported when comparing the trigger tool methodology with other detecting methods. 
Several studies reported that the trigger tool methodology is superior to the review of 
clinical records and voluntary incident reports [14,18,25]. However, other studies have 
reported limited efficiency gains in using a medication-focused trigger tool [16,26,27]. 
Our study supports this latter conclusion. There are several possible explanations for the 
differences between our results and those presented in other studies. Firstly, the ability 
of a trigger tool to detect (harmful) MEs is very much dependent on the choice of the 
triggers. In a systematic review, Handler et al. stated that the number and combination 
of triggers varies considerably in different studies [28]. Also, more recent publications 
show variability in the number of triggers used [15-21,25,29-43]. We adapted an 
existing trigger tool developed in the USA. Hospital and patient characteristics could 
have affected the types of harmful MEs, requiring specific triggers to unravel hazardous 
situations. In our study the trigger tool plus the symptoms pain and nausea/vomiting 
successfully identified 19 harmful MEs of which 12 were identified by the extended 
trigger tool only. These results suggest the additional benefit of the trigger tool is very 
much dependent on the triggers chosen. Secondly, the heterogeneity in results may 
also be explained by differences in definitions and reference values used. In the present 
study, we focused on harmful MEs, defined as adverse events that we decided were 
preventable and caused harm to the patient. We included all types of MEs, also omissions 
and deviations in administering time. This resulted in a prevalence of harmful MEs in our 
present study that is at the higher range of results reported in other studies [7,44,45]. 
This is particularly important, because the prevalence has impact on the predictive 
values. Thirdly, the original medication-focused trigger tool did not identify any harmful 
ME, but this might be the result of the relatively small sample size in our study. Fourthly, 
our deviating results might be explained by the main outcome of the study. The trigger 
tool methodology was designed for detecting a broad range of adverse events, taking 
time limitations into account. In our study we chose a more narrow scope, e.g. we 
defined preventable drug events associated with patient harm as the main outcome of 
interest. We believe this information is most relevant as it presents situations that can be 
improved by risk reduction programs. The scope influences the results and comparisons 
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with other studies must be made with caution. Finally, experiences with the Global 
Trigger Tool show that up to 30% of adverse events are found without specific triggers 
[27,32]. These adverse events are identified “spontaneously” while reviewing patient 
notes following a positive trigger. In this present study, we only included MEs associated 
with triggers and ignored MEs that were not associated with the triggers. This might 
have influenced our results to be unfavorable for the trigger tool, but we considered this 
method necessary to establish the performance of the pediatric trigger tool accurately.
 The mean time to perform a full review of clinical records was still consistent 
with recommendations from the Institute for Healthcare Improvement to spend no 
longer than 20 minutes reviewing each chart as this does not usually yield additional 
information [46]. However, the trigger tool appeared more efficient as reflected in the 
time investment that was far less than the time needed to review the clinical records. 
This is an important advantage for both routine monitoring of medication safety and 
research projects. 

Limitations
Although using four event detection methods to establish the reference comparison for 
the trigger tool method is a serious attempt to identify all MEs, it is likely, yet unknown, 
that MEs occurred that were not captured by this multi-faceted method. Therefore, the 
reported sensitivity and specificity attribute to the growing knowledge of the trigger 
tool methodology, but is limited by the absence of a criterion standard. Secondly, we 
collected our data retrospectively, which may have introduced documentation bias, 
since the quality of the data relies entirely on the information recorded in the clinical 
records and incident reports [47]. Thirdly, the reliability of both the multi-faceted method 
and the trigger tool methodology is a concern. Especially the reliability of the extended 
version of the trigger tool is surprisingly low, suggesting the subjectivity of the triggers 
pain and nausea/vomiting. Experienced and trained teams that are familiar with the 
local situation, and have a structured strategy to reach consensus in identification and 
classification of MEs, seem essential to obtain reliable data [26,29,48,49]. In our study, the 
experience with the trigger tool methodology was still growing and we did not discuss 
all harmful MEs in the teams. More attention for these aspects might have increased the 
interobserver reliability.

Future directions
At present the limited ability of the trigger tool to detect MEs in children, does not make it 
an attractive alternative to a multi-faceted method. But with medical records becoming 
more and more electronically, new possibilities and challenges arise. Integrating triggers 
in the electronic medical records allows real time detection of adverse drug events, 
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and moves patient safety from a retrospective focus on errors to real-time detection 
of adverse drug events. Future research should focus on the use of triggers as part of 
the electronic patient records to identify patients at risk for adverse drug events, by 
combining patient information, for example medication use and laboratory results. This 
real-time detection has the ability to capture the preventable adverse drug events, but 
might also play an important role in amelioration and recovery of events that until now 
are thought to be unpreventable. In future research the concept of preventability might 
be replaced by amelioration and mitigatibility. Secondly, in the present research most 
triggers are defined as biomedical signals and are less focused on organizational alerts. 
The evidence is growing that also competences of the healthcare professionals [50] and 
safety culture [51,52] are associated with adverse events. We recommend more research 
on these issues in relation to medication safety for children.     

CONCLUSION

The trigger tool methodology has been developed for the purpose of monitoring 
adverse events using a technique that would be applicable throughout the healthcare 
system. However, the results of our study suggest that exchange of trigger tools between 
organizations may be limited. The high number of false-negative scores represent 
unsafe situations that are not discovered and might result in a feeling of false security. 
This might delay the development and implementation of effective interventions and 
thus continue to threaten patient safety. We conclude that a multi-faceted method 
remain the preferred method to detect harmful MEs. The additional value of the trigger 
tool stays unclear.

Funding
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159

The trigger tool

Ch
ap

te
r 7

REFERENCES
1. de Vries EN, Ramrattan MA, Smorenburg SM, et al. The incidence and nature of in-hospital adverse events: 

a systematic review. Qual Saf Health Care 2008;17:216-223.

2. Kale A, Keohane CA, Maviglia S, et al. Adverse drug events caused by serious medication administration 
errors. BMJ Qual Saf 2012;21:933-938.

3. Zegers M, de Bruijne MC, Wagner C, et al. Adverse events and potential preventable deaths in Dutch 
hospitals: results of a retrospective patient record review study. Qual Saf Health Care 2009;18:297-302.

4. Landrigan CP, Parry GJ, Bones CB, et al. Temporal trends in rates of patient harm resulting from medical 
care. N Engl J Med 2010;363:2124-2134.

5. Kunac DL, Kennedy J, Austin N, et al. Incidence, preventability, and impact of Adverse Drug Events (ADEs) 
and potential ADEs in hospitalized children in New Zealand: a prospective observational cohort study. 
Paediatr Drugs 2009;11:153-160.

6. von Laue NC, Schwappach DL, Koeck CM. The epidemiology of preventable adverse drug events: a review 
of the literature. Wien Klin Wochenschr 2003;115:407-415.

7. Kaushal R, Bates DW, Landrigan C, et al. Medication errors and adverse drug events in pediatric inpatients. 
JAMA 2001;285:2114-2120.

8. Cowley E, Roger R, Cousins D. Medication errors in children: a descriptive summary of medication error 
reports submitted to the United States Pharmacopeia. Current Therapeutic Research 2001;62:627-640.

9. Meyer-Massetti C, Cheng CM, Schwappach DL, et al. Systematic review of medication safety assessment 
methods. Am J Health Syst Pharm 2011;68:227-240.

10. Morimoto T, Gandhi TK, Seger AC, et al. Adverse drug events and medication errors: detection and 
classification methods. Qual Saf Health Care 2004;13:306-314.

11. Franklin BD, Vincent C, Schachter M, et al. The incidence of prescribing errors in hospital inpatients: an 
overview of the research methods. Drug Saf 2005;28:891-900.

12. Olsen S, Neale G, Schwab K, et al. Hospital staff should use more than one method to detect adverse 
events and potential adverse events: incident reporting, pharmacist surveillance and local real-time 
record review may all have a place. Qual Saf Health Care 2007;16:40-44.

13. Resar RK, Rozich JD, Classen D. Methodology and rationale for the measurement of harm with trigger 
tools. Qual Saf Health Care 2003;12:ii39-ii45.

14. Rozich JD, Haraden CR, Resar RK. Adverse drug event trigger tool: a practical methodology for measuring 
medication related harm. Qual Saf Health Care 2003;12:194-200.

15. Moore C, Li J, Hung CC, et al. Predictive value of alert triggers for identification of developing adverse drug 
events. J Patient Saf 2009;5:223-228.

16. Franklin BD, Birch S, Schachter M, et al. Testing a trigger tool as a method of detecting harm from 
medication errorrs in a UK hospital: a pilot study. Int J Pharm Pract 2010;18:305-311.

17. de Boer M, Kiewiet JJ, Boeker EB, et al. A targeted method for standardized assessment of adverse drug 
events in surgical patients. J Eval Clin Pract 2013;19:1073-1082.

18. Takata GS, Mason W, Taketomo C, et al. Development, testing, and findings of a pediatric-focused trigger 
tool to identify medication-related harm in US children’s hospitals. Pediatrics 2008;121:e927-e935.

19. Sharek PJ, Horbar JD, Mason W, et al. Adverse events in the neonatal intensive care unit: development, 
testing, and findings of an NICU-focused trigger tool to identify harm in North American NICUs. Pediatrics 
2006;118:1332-1340.

20. Matlow AG, Cronin CM, Flintoft V, et al. Description of the development and validation of the Canadian 
Paediatric Trigger Tool. BMJ Qual Saf 2011;20:416-423.

21. Agarwal S, Classen D, Larsen G, et al. Prevalence of adverse events in pediatric intensive care units in the 
United States. Pediat Crit Care Med 2010;11:568-578.



160

Chapter 7

22. National Coordinating Council for Medication Error Reporting and Prevention (NCC MERP). Available: 
www.nccmerp.org, accessed January 2013.

23. Maaskant JM, Bosman D, van Rijn-Bikker P, et al. Preventable errors with non-opioid analgesics and anti-
emetic drugs increase burden in hospitalized children. Eur J Pediatr Surg. 2014;24:381-388.

24. Child Health Corporation of America. Pediatric Trigger Toolkit: measuring adverse drug events in the 
Children’s Hospital. Available: www.chca.com/triggers, accessed January 2013.

25. Burch KJ. Using a trigger tool to assess adverse drug events in a children’s rehabilitation hospital. J Pediatr 
Pharmacol Ther 2011;16:204-209.

26. Klopotowska JE, Wierenga PC, Stuijt CC, et al. Adverse drug events in older hospitalized patients: results 
and reliability of a comprehensive and structured identification strategy. PLoS One 2013;8:e71045.

27. Carnevali L, Krug B, Amant F, et al. Performance of the adverse drug event trigger tool and the global 
trigger tool for identifying adverse drug events: experience in a Belgian hospital. Ann Pharmacother 
2013;47:1414-1419.

28. Handler SM, Altman RL, Perera S, et al. A systematic review of the performance characteristics of clinical 
event monitor signals used to detect adverse drug events in the hospital setting. J Am Med Inform Assoc 
2007;14:451-458.

29. Sharek PJ, Parry G, Goldmann D, et al. Performance characteristics of methodology to quantify adverse 
events over time in hospitalized patients. Health Serv Res 2011;46:654-678.

30. Naessens JM, O’Byrne TJ, Johnson MG, et al. Measuring hospital adverse events: assessing interrater 
reliability and trigger performance of the Global Trigger Tool. Int J Qual Health Care 2010;22:266-274.

31. Hwang JI, Chin HJ, Chang YS. Characteristics associated with the occurence of adverse events: a 
retrospective medical record review using the global trigger tool in a fully digitalized tertiary teaching 
hospital in Korea. J Eval Clin Pract 2014;20:27-35.

32. Unbeck M, Schildmeijer K, Henriksson P, et al. Is determination of adverse events affected by record review 
methodology? An evaluation of the “Harvard Medical Practice Study” method and the “Global Trigger 
Tool”. Patient Saf Surg 2013;7:1-12.

33. Kirkendall ES, Kloppenborg E, Papp J, et al. Measuring adverse events and levels of harm in pediatric 
inpatients with the global trigger tool. Pediatrics 2012;130:e1206-e1214.

34. Szekendi MK, Sullivan C, Bobb A, et al. Active surveillance using electronic triggers to detect adverse 
events in hospitalized patients. Qual Saf Health Care 2006;15:184-190.

35. Griffin FA, Classen DC. Detection of adverse events in surgical patients using the trigger tool approach. 
Qual Saf Health Care 2008;17:253-258.

36. Kaafarani HM, Rosen AK, Nebeker JR, et al. Development of trigger tools for surveillance of adverse events 
in ambulatory surgery. Qual Saf Health Care 2010;19:425-429.

37. Resar RK, Rozich JD, Simmonds T, et al. A trigger tool to identify adverse events in the ICU. Jt Comm J Qual 
Patient Saf 2006;32:585-590.

38. de Wet C, Bowie P. Screening electronic patient records to detect preventable harm: a trigger tool for 
primary care. Qual Prim Care 2011;19:115-125.

39. Kalenderian E, Walji MF, Tavares A, et al. An adverse event trigger tool in dentistry: a new methodology for 
measuring harm in dental office. J Am Dent Assoc 2013;144:808-814.

40. Lander L, Roberson DW, Plummer KM, et al. A trigger tool fails to identify serious errors and adverse events 
in pediatric otolaryngology. Otolaryngol Head Neck Surg 2010;143:480-486.

41. Brenner S, Detz A, Lopez A, et al. Signal and noise: applying a laboratory trigger tool to identify adverse 
drug events among primary care patients. BMJ Qual Saf 2012;21:670-675.

42. Marcum ZA, Arbogast KL, Behrens MC, et al. Utility of an adverse drug event trigger tool in Veterans Affairs 
Nursing Facilities. Consult Pharm 2013;28:99-109.

43. Singh R, McLean-Plunckett EA, Kee R, et al. Experience with a trigger tool for identifying adverse drug 



161

The trigger tool

Ch
ap

te
r 7

events among older adults in ambulatory primary care. Qual Saf Health Care 2009;18:199-204.

44. Holdsworth MT, Fichtl RE, Behta M, et al. Incidence and impact of adverse drug events in pediatric 
inpatients. Arch Pediatr Adolesc Med 2003;157:60-65.

45. Aljadhey H, Mahmoud MA, Mayet A, et al. Incidence of adverse drug events in an academic hospital: a 
prospective cohort study. Int J Qual Health Care 2013;25:648-655.

46. Institute for Healthcare Improvement. Trigger Tool for measuring adverse drug events. Available: www.ihi.
org, accessed August 2014.

47. Michel P, Quenon JL, de Sarasqueta AM, et al. Comparison of three methods for estimating rates of adverse 
events and rates of preventable adverse events in acute care hospitals. BMJ 2004;328:199-224.

48. Classen DC, Lloyd RC, Provost L, et al. Development and evaluation of the Institute for Healthcare 
Improvement global trigger tool. J Patient Saf 2008;4:169-177.

49. Schildmeijer K, Nilsson L, Arestedt K, et al. Assessment of adverse events in medical care: lack of consistency 
between experienced teams using the Global Trigger Tool. BMJ Qual Saf 2012;21:307-314.

50. Dubois C, Dámour D, Tchouaket E, et al. Associations of patient safety outcomes with models of nursing 
care organization at unit level in hospitals. Int J Qual Health Care 2013;25:110-117.

51. Haynes AB, Weiser TG, Berry WR, et al. Changes in safety attitude and relationship to decreased 
postoperative morbidity and mortality following implementation of a checklist-based surgical safety 
intervention. BMJ Qual Saf 2011;20:102-107.

52. Mazzocco K, Petitti DB, Fong KT, et al. Surgical team behaviors and patient outcomes. Am J Surg 
2009;197:678-685.


