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Purpose: The purpose of the study was to develop and implement an institution-specific 
trigger tool based on the Institute for Healthcare Improvement medication module trigger 
tool (IHI MMTT) in order to detect and monitor ADEs.
Methods: We performed an investigator-driven, single-center study using retrospective and 
prospective patient data to develop (“development phase”) and implement (“implementation 
phase”) an efficient, institution-specific trigger tool based on the IHI MMTT. Complete 
medical data from 1008 patients hospitalized in 2018 were used in the development phase. 
ADEs were identified by chart review. The performance of two versions of the tool was 
assessed by comparing their sensitivities and specificities. Tool A employed only digitally 
extracted triggers (“e-trigger-tool”) while Tool B employed an additional manually extracted 
trigger. The superior tool – taking efficiency into account – was applied prospectively to 19– 
22 randomly chosen charts per month for 26 months during the implementation phase.
Results: In the development phase, 189 (19%) patients had ≥1 ADE (total 277 ADEs). The 
time needed to identify these ADEs was 15 minutes/chart. A total of 203 patients had ≥1 
trigger (total 273 triggers – Tool B). The sensitivities and specificities of Tools A and B were 
0.41 and 0.86, and 0.43 and 0.86, respectively. Tool A was more time-efficient than Tool B (4 
vs 9 minutes/chart) and was therefore used in the implementation phase. During the 26- 
month implementation phase, 22 patients experienced trigger-identified ADEs and 529 did 
not. The median number of ADEs per 1000 patient days was 6 (range 0–13). Patients with at 
least one ADE had a mean hospital stay of 22.3 ± 19.7 days, compared to 8.0 ± 7.6 days for 
those without an ADE (p = 2.7×10−14).
Conclusion: We developed and implemented an e-trigger tool that was specific and 
moderately sensitive, gave consistent results and required minimal resources.
Keywords: electronic health record, medication module, drug safety, patient safety, digital 
health

Introduction
In order to prevent medication-related patient harm, it is important to systematically 
identify adverse drug events (ADEs) so that targeted safety interventions can be imple
mented. ADE is a broad term defined as harm resulting from medical interventions that 
are potentially related to a drug. Adverse drug reaction (ADR) on the other hand, is 
a more specific term. ADRs are noxious and unintended responses to normally dosed 
drugs. They are the subset of ADEs that are causally related to a drug.1 Traditional 
methods for identifying ADEs such as chart reviews are resource- and time-consuming 
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and are not easily practicable in everyday clinical practice.2 

Determining the types and incidence of ADEs in hospitals is 
therefore challenging, and until recently – due to the paper- 
based data recording in hospitals – nearly impossible. 
Common methods of ADE-detection including chart reviews 
and voluntary reporting (eg, in pharmacovigilance surveil
lance or critical incidence reporting systems), are greatly 
affected by under-reporting.3 Only 6% of the adverse drug 
reactions are reported through spontaneous reporting 
systems.3 In response to these challenges, the Institute for 
Healthcare Improvement (IHI) – a patient safety organization – 
developed a global trigger tool (GTT) to identify and monitor 
adverse events in healthcare institutions in an efficient and 
consistent manner.4 Since its development in 2003, the IHI 
GTT was revised in 2009 and has been applied globally in 
various studies.5–8 A systematic review has also shown that 
the GTT was able to detect a higher rate of harm in patients 
than other methods.9 One of the six modules contained in the 
IHI GTT is the medication module that is designed to detect 
ADEs. It consists of 13 triggers with each trigger correspond
ing to a potential ADE (Table 1).4 These triggers have been 
found to be 10 times more effective at detecting trigger- 
associated ADEs in healthcare institutions than voluntary 
reporting.10

The IHI medication module trigger tool (IHI MMTT) 
provides information about common trigger-associated 

ADEs per 1000 patient days, trigger-associated ADEs per 
100 admissions and percentages of admissions with 
a trigger-associated ADEs.4 It is not designed to detect 
each individual ADE occurring in an institution, as it uses 
triggers for a limited number of specific ADEs in 
a sampling approach. However, by monitoring the occur
rence of ADEs detected by such a tool in real-time, insti
tutions are able to identify safety issues rapidly and can 
therefore alter their medication process to prevent ADEs 
accordingly. In addition, by continuous surveillance, the 
effects of implemented changes to the medication process 
can be assessed.

The medication module leaves margin for adjustment, 
depending on the needs of individual institutions or coun
tries. The United Kingdom (UK) and Germany, for exam
ple, have published and used modified medication module 
trigger tools (Table 1).11,12

The IHI trigger tool was developed for manual appli
cation to either electronic or paper-based patient records, 
whereby each single record must be read and assessed for 
the presence of triggers by experts in the field of drug 
safety, for example, senior physicians, pharmacists and 
nurses. This method is time-consuming and resource inten
sive. Electronic health records (EHRs) contain data 
recorded in routine clinical practice and an automated 
process for identifying predefined triggers within them is 

Table 1 The IHI trigger tool medication module and the corresponding detectable ADEs

Original IHI trigger Detectable ADE

M1: C. difficile-positive stool Antibiotic AE

M2: PTT >100 sec Bleeding on Heparin

M3: INR >6 a Bleeding under VKA

M4: Glucose <50 mg/dl Hypoglycemia

M5: Rising BUN or serum creatinine two times (2×) over baseline Renal toxicity

M6: Vitamin K administration Bleeding under VKA

M7: Diphenhydramine (benadryl) administration Allergic reaction

M8: Romazicon (flumazenil) administration Benzodiazepine AE

M9: Naloxone (narcan) administration Opioid AE

M10: Anti-emetic administration Medication-induced nausea

M11: Oversedation/hypotensionb Overtreatment with hypnotic or antihypertensive agents

M12: Abrupt medication stop ADE

M13: Other

Notes: aGerman Version IHI MMTT used INR >4. bUK Version IHI MMTT used systolic blood pressure <80 mmHg. 
Abbreviations: BUN, blood urea nitrogen; VKA, vitamin K antagonist.
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more efficient and enhances experts’ abilities to detect 
ADEs.2,13 We therefore set out to develop an institution- 
specific trigger tool based on the IHI MMTT using data 
contained in our hospital’s EHRs.

Materials and Methods
Study Aims, Design and Setting
The aims of the study were to

1. Modify the medication module of the IHI global 
trigger tool to produce a final tool for use at our 
institution (“tool development phase”).

2. Test the tool’s ability to monitor ADEs prospec
tively (“implementation phase”).

This study was an investigator-driven, single-center study 
using retrospective patient data to develop and in a second 
step to prospectively test a modified IHI medication mod
ule trigger tool. The study obtained approval from the 
ethics committee “Nordwest- und Zentralschweiz” 
(EKNZ, project-ID: 2019–00127), which also consented 
for publication. The study was conducted in accordance 
with the Declaration of Helsinki.

The study was conducted at the University Hospital Basel 
(USB) – a 770-bed facility serving both the local population 
as well as being a tertiary referral center for north-west 
Switzerland. Approximately 38,000 inpatients are treated 
per year. The study included patients admitted to USB 
between January and December 2018 for the tool develop
ment phase and from February 2019 to March 2021 for the 
implementation phase who had given written, informed con
sent for their anonymized data to be analyzed, whose hospital 
stay was >24 hours, who were aged 18 years or older and for 
whom complete medical records were available. Patients 
treated solely in the intensive care unit and emergency 
department were excluded because these areas utilize 
a different prescription chart software (Figure 1).

In this study, ADE was defined according to the World 
Health Organization (WHO) as any incident that results 
from the process of the use of medication resulting in harm 
or injury to the patient, including medication errors and 
adverse drug reactions.14

The National Coordinating Council for Medication Error 
Reporting and Prevention (NCC MERP) index was used to 
assess categories of harm, as per IHI recommendations. ADEs 
were categorized as follows: temporary harm to the patient 
requiring intervention (category E), temporary harm to the 

patient and requiring initial or prolonged, hospitalization (cate
gory F), permanent patient harm (category G), intervention 
required to sustain life (category H), patient death (cate
gory I).15

Tool Development Phase
The original IHI trigger tool could not be applied directly, 
because it requires laboratory tests and medications, which are 
not used in our hospital. Therefore, it was necessary to modify 
the IHI medication trigger tool accordingly, while also taking 
the digital accessibility of the clinical data at the USB into 
consideration. In a first step, two triggers (M10 antiemetic 
administration and M12 abrupt medication stop) were 
removed due to anticipated high false-positive rates and M13 
(“other”) was assigned to rivaroxaban drug-level or anti-factor 
Xa activity to reflect current oral anticoagulation practices. In 
a second step, Tools A and B were defined. Tool A consists of 
a set of 10 triggers and uses digitally extractable data only, 
while Tool B contained the same 10-triggers plus an additional 
manually extracted trigger (M1 - C. difficile-positive stool). 
C. difficile antigen results are not available in a digitally 
searchable format in the electronic patient records at our 
institution. To access these results, the reviewer must find 
and open the appropriate scanned document in the patient 
record – the trigger must therefore be manually extracted. In 
order to determine the specificity and sensitivity of the tools, 
we evaluated the performance of Tools A and B compared to 
the gold standard method of chart review, which identified all 
ADEs experienced by the patients (Table 2).

Data Collection
For both study phases, cases fulfilling the inclusion criteria and 
admitted during 2018 were randomly selected from the hospi
tal’s administration software (Figure 1). For the development 
phase, 84 of these randomly selected cases per month were 
then analyzed retrospectively. For the implementation phase, 
20 cases were randomly selected at the end of each month for 
a 26-month period (February 2019–March 2021) as recom
mended by IHI for prospective screening.4 In order to account 
for late drop-outs (cases that were retrospectively found to 
have missing data), 22 patients per month were included from 
July 2019 onwards.

Patient demographic data (age, sex, length of hospital 
stay and department) was extracted from the medical 
records using SQL. During the tool development phase, 
data were extracted from the patients` electronic prescrip
tion and monitoring charts using SQL (Tools A and B) and 
manually from their electronic medical records (for trigger 
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M1 of Tool B and complete chart review) (Table 2). The 
main electronic prescription and monitoring chart used at 
our institution is provided by Meona (MEONA GmbH, 
Freiburg in Breisgau, Germany) and the electronic medical 
record by ISMed (ProtecData AG, Boswil, Switzerland). 
Other software solutions used at our institution are given 
in the Supplement Table S2.

The complete examination of the medical records was 
performed by a pharmacy graduate and a medical doctor in 
speciality training clinical pharmacology and toxicology, 
followed by authentication and causality assessment of the 

detected ADEs by a board-certified clinical pharmacolo
gist and toxicologist. The data sources used for causality 
analysis of ADEs are given in the Supplement Table S2. 
Cases identified by the trigger tool were evaluated for 
causality according to the WHO causality assessment cri
teria by qualified staff (Supplement Table S3).16 The trig
gers were judged as having correctly identified an ADE 
when the causality criteria “certain”, “probable” and “pos
sible” were met. These cases were judged to be true- 
positive cases. Cases where causality was found to be 
“unlikely” or where no medication was involved were 

ADE detection by chart review (“gold 

standard”) and application of trigger 

Tools A and B

Patients admitted in 2018

(n = 37 722)

Inclusion criteria fulfilled and 

record complete (n= 20 493)

1 008 randomly selected records 

(84 per month) 

Determination of specificity and 

sensitivity for each trigger and for 

Tools A and B as a whole as well as 

time taken to apply them

Best tool selected for the 

implementation-phase

Excluded (n= 17 229)

Figure 1 Study flow chart depicting the tool development phase.
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counted as false-positive cases. Documentation of the type 
and category of harm according to NCC MERP15 was 
performed by the graduate pharmacist and medical doctor 
in speciality training and was verified by the board- 
certified clinical pharmacologist and toxicologist based 
on the information in the patient records. The ADEs and 
causative medication found were categorized into groups 
according to their Anatomical Therapeutic Chemical 
Classification System (ATC-Codes).

During the implementation phase, the patients’ electro
nic prescriptions and monitoring charts were screened for 
triggers with the final tool using the SQL, which was 
written in the development phase. EHRs containing trig
gers were assessed according to the IHI Global Trigger 
Tool White Paper for the presence of ADEs by the same 
two independent reviewers mentioned above (Figure 2).4

Statistical Analyses
Sample Size Calculation
The number of patients needed for the development phase was 
calculated based on the estimated ADE prevalence of 10% 
(according to internal data, USB 2015–2017 and published 
literature),9,17,18 and a predicted test sensitivity of 10% and 

specificity of 99%.19,20 The number of patients needed for the 
development phase was calculated to be 1000 (Diagnostic Test 
Calculator© version 2010042101).21 In order to ensure that 
case records spanning the entire year were sampled (and 
thereby to minimize a potential effect of sampling bias), we 
randomly selected 84 cases per calendar month. Continuous 
data were reported as median and interquartile range (IQR).

Triggers found with Tools A and B were assessed as 
true-positive, true-negative, false-positive and false-nega
tive for ADEs. Positive predictive value (PPV), negative 
predictive value (NPV), sensitivity and specificity were 
determined for each trigger. In addition, the sensitivity 
and specificity of Tools A and B with their respective 
95% confidence intervals (CI) were calculated (Figure 1). 
We also calculated the variance in sensitivity and specifi
city for the final tool over the 12-month sampling period in 
order to determine the tool’s consistency.

During the implementation phase total length of patient 
stay, number of triggers and number of ADEs were recorded 
(Figure 2). This enabled us to extrapolate the number of ADEs 
identified by the trigger tool per 1000 patient days and per 100 
admissions, as well as the percentage of admissions with 
ADEs identified by the trigger tool. We used the Student’s 

Table 2 The IHI trigger tool medication module triggers and modifications for tools A and B

IHI MMTT trigger Tool A trigger Tool B trigger

M1: C. difficile-positive stool – M1: C. difficile-positive stool a

M2: PTT >100 sec M2: Thromboplastin time 1 >120 sec and 

thromboplastin time 2 >13 sec

M2: Thromboplastin time 1 >120 sec and 

thromboplastin time 2 >13 sec

M3: INR >6 M3: INR > 4b M3: INR > 4b

M4: Glucose <50 mg/dl M4: Glucagon or 40% and 50% glucosec M4: Glucagon or 40% and 50% glucosec

M5: Rising BUN or serum creatinine two 

times (2×) over baseline

M5: Rising urea or creatinine 2× above upper 

limit of normal

M5: Rising urea or creatinine 2× above upper 

limit of normal

M6: Vitamin K administration M6: Vitamin K administration M6: Vitamin K administration

M7: Diphenhydramine (benadryl) 
administration

M7: Antihistamine administration M7: Antihistamine administration

M8: Romazicon (flumazenil) administration M8: Flumazenil administration M8: Flumazenil administration

M9: Naloxone (Narcan) administration M9: Naloxone administration M9: Naloxone administration

M10 Anti-emetic administration – –

M11 Oversedation/hypotension M11.1: Hypotension (SBP <80 mmHg)c M11.1: Hypotension (SBP <80 mmHg)c

M12 Abrupt medication stop – –

M13 Other Rivaroxaban drug-level or anti-factor Xa activity Rivaroxaban drug-level or anti-factor Xa activity

Notes: aNon-digital trigger. bAs per German IHI MMTT Version. cAs per UK IHI MMTT Version. 
Abbreviations: M, medication module triggers; SBP, systolic blood pressure.
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t-test to determine the statistical significance of the difference 
between mean lengths of hospital stay among patients with 
and without trigger-identified ADEs. The type and category of 
actual harm – if any - caused by the ADEs were evaluated with 
the NCC MERP Index as specified by the IHI Global Trigger 
Tool White Paper.3

Results
Tool Development Phase
Demographic characteristics of the 1008 included patients 
are given in Table 3. The total time for chart review was 
252 hours (15 min/record). Table 4 shows the distribution 
of patients according to the number of ADEs and triggers. 
One hundred eighty-nine patients (19%) experienced one 

or more ADEs, amounting to a total of 277 ADEs. Tool 
B identified 4 more patients than Tool A, all of whom 
triggered positive for the Tool B-specific trigger M1 (stool 
positive for C. difficile antigen). Overall, 203 (20%) out of 
1008 patients showed one or more triggers.

The 277 ADEs identified in 189 patients were classi
fied as shown in Table 5. The most frequent ADEs were 
gastrointestinal symptoms (18%) followed by electrolyte 
disorders (14%) and hypersensitivity reactions (13%). The 
classes of medication most often involved in the occur
rence of ADEs were antithrombotic agents (15%), opioids 
(13%), and antineoplastic agents (12%) (Supplement 
Table S1).

Performance and Comparison of Tools 
A and B
The trigger frequencies, positive predictive values 
(PPVs), negative predictive values (NPVs), sensitivity 
and specificity of the individual triggers are shown in 
Table 6. Positive predictive values (PPV) ranged from 0 
to 1, with 5 of the 11 triggers having a PPV > 0.5. 
Sensitivity of the individual triggers ranged from 0 to 1, 

Figure 2 Study flow chart depicting the tool implementation phase.

Table 3 Characteristics of included patients

Characteristic All patients  
(n = 1008)

Median age (years) [IQR, range] 67 [52, 19–97]

Female (%) 463 (46%)

Male (%) 545 (54%)
Median length of hospital stay (days), [IQR, range] 4 [7, 1–96]

Table 4 Distribution of patients according to number of ADEs 
they experienced and the number of triggers which were found 
by Tool B

Number of patients (%)

Number of triggers
0 805 (80)
1 148 (14.6)

2 44 (4)

3 7 (1)
4 4 (0.4)

Number of ADEs
0 819 (81)

1 119 (12)

2 55 (6)
3 12 (1)

4 3 (0.3)
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while specificity of the triggers ranged from 0.92 to 1. 
Trigger M2 showed the lowest specificity of 0.92 and 
occurred the most frequently. Trigger M1 (the manually 
extracted trigger) showed the highest sensitivity and spe
cificity. Two triggers (M4 and M8) never occurred. 
Therefore, their PPV could not be calculated. Trigger 
M3 was not sensitive for the intended ADE “Bleeding 
under VKA”. However, the trigger can detect suprather
apeutic INR values occurring during anticoagulation with 
a VKA (M3.1 in Table 6) with a high sensitivity. Trigger 
M3 showed moderate sensitivity for bleeding associated 
with a supratherapeutic INR in the absence of VKA ther
apy, which can occur in patients with liver disease for 
example (M3.2 in Table 6). While trigger M9 was able to 
accurately identify life-threatening opioid ADEs, it was 
much less sensitive for common ADEs related to opioids 
(1 vs 0.19).

Tool A identified a total of 77 ADEs while Tool 
B identified a total of 81 ADEs. Their sensitivities and 
specificities are shown in Table 7. For the determination of 
the tools’ overall sensitivities and specificities, M1 – M13 
(ie, not including M3.1, M3.2 and M9.1) were used.

Due to the additional 5 minutes/case required to manu
ally extract the necessary data for trigger M1 and the only 
modest increase in sensitivity (0.43 compared to 0.41), the 
e-trigger tool (Tool A) was identified as the tool of choice 
for the implementation phase.

The e-trigger tool’s sensitivity and specificity values dur
ing each month are shown in Table 8. The variances for 
sensitivity and specificity were 0.018 and 0.002, respectively.

Tool Implementation Phase
The results of the 26-month implementation phase 
(Figure 2) are shown in Table 9. A total of 107 triggers 
were identified in 551 patient records. The time needed to 
review a triggered patient record was 4 minutes (on aver
age 20 minutes per month, or 4 hours per year). Twenty 
three of the 107 triggers identified an ADE, giving a PPV 
of 0.21. Fifteen of the ADEs identified by the final tool 
were rated as harm category E, three as category F, one as 
category G and four as category H. Monthly fluctuations in 
ADEs were calculated as number of ADEs per 1000 
patient days, ADEs per 100 admissions and percentage 
of admissions with an ADE using the number of patients 
with an ADE (Table 9, Figures 3 and 4). Patients with at 
least one ADE (n = 22) had a mean hospital stay of 22.3 ± 

Table 5 Distribution of 277 ADEs identified in 189 patients, 
listed according to frequency

Adverse drug event Number of patients with ADE 
(% of Pptients with an ADE)

Gastrointestinal symptoms 34 (18.0)

Electrolyte disorders 27 (14.3)

Hypersensitivity reactions 24 (12.7)

Blood disorders 22 (11.6)

Renal impairment 16 (8.5)

Hemodynamic instability 15 (7.9)

Over-anticoagulation 15 (7.9)

Bleeding 14 (7.4)

Infections 14 (7.4)

Hepatopathy 13 (6.9)

Altered level of consciousness 9 (4.8)

Metabolic disorders 9 (4.8)

Dizziness 7 (3.7)

Mucositis 5 (2.6)

Confusion 4 (2.1)

Movement disorders 3 (1.6)

Oedema 3 (1.6)

Respiratory depression 3 (1.6)

Cephalgia 2 (1.1)

Neuropathy 2 (1.1)

Pancreatitis 2 (1.1)

Weight disorders 2 (1.1)

Arrhythmia 1 (0.5)

Visual disturbance 1 (0.5)

Insomnia 1 (0.5)

Muscle disorder 1 (0.5)

Pain at Injection site 1 (0.5)

Pleural effusion 1 (0.5)

Progressive multifocal 
leukoencephalopathy

1 (0.5)

Pupillary disorder 1 (0.5)

Urinary retention 1 (0.5)

Others 23 (12)
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19.7 days, compared to 8.0 ± 7.6 days for those without an 
ADE (n = 529, p = 2.7×10−14).

Discussion
In this study, we developed and implemented an institu
tion-specific trigger tool for surveillance of ADEs in 
a university hospital setting, by modifying the IHI TT for 
our hospital’s needs. We were able to successfully imple
ment the final, digital tool (“e-trigger” tool) prospectively. 
The modified tool contained 10 instead of the original 13 
triggers and showed a sensitivity of 0.41 and specificity of 
0.86. The monthly variance in these values was low. This 

final e-trigger tool could be applied in a prospective man
ner and found a median estimated ADE prevalence per 
1000 patient days of 6 (interquartile range 7). The method 
required on average 20 minutes of a specialist’s time per 
month compared to 5 hours for the chart review method, 

Table 6 Frequency, positive predictive value (PPV), negative predictive value (NPV), sensitivity and specificity of the individual triggers

Trigger Absolute 
frequency

PPV NPV Sensitivity Specificity

M1: C. difficile-positive stool 4 1 1 1 1

M2: Thromboplastin time 1 >120 sec and 
thromboplastin time 2 >13 sec for bleeding under 

heparin

82 1 0.92 1 0.92

M3: INR > 4 for bleeding under VKA 21 0 1 0 0.99

M3.1 INR > 4 for supratherapeutic INR under VKA 21 0.57 1 1 0.99

M3.2 INR > 4 for bleeding under all medication 21 0.05 1 0.5 0.98

M4: Administration of glucagon or 50% glucose 0 N/A 1 0 1

M5: Rising urea or creatinine 2× above upper limit of 

normal

41 0.19 0.99 0.47 0.97

M6: Vitamin K administration 56 0.22 1 1 0.96

M7: Antihistamine administration 40 0.33 0.99 0.62 0.97

M8: Flumazenil administration 0 N/A 1 0 1

M9: Naloxone administration for severe opioid ADE 2 1 1 1 1

M9.1: Naloxone administration for all opioid ADEs 2 1 0.99 0.19 1

M11: hypotension (SBP <80 mmHg) 26 0.04 0.99 0.10 0.98

M13: Rivaroxaban drug-level or anti-factor Xa activity 1 0 1 0 0.99

Abbreviation: N/A, not applicable.

Table 7 Sensitivity, specificity and 95% confidence intervals (CI) 
of Tools A and B

Tools Sensitivity (95% CI) Specificity (95% CI)

Chart review 1.00 (0.99–1.00) 1.00 (0.99–1.00)

Tool A 0.41 (0.34–0.48) 0.86 (0.83–0.88)

Tool B 0.43 (0.36–0.50) 0.86 (0.83–0.88)

Table 8 Sensitivity and specificity of the final tool according to 
month

Month Sensitivity (95% CI) Specificity (95% CI)

1 0.63 (0.36–0.84) 0.90 (0.79–0.95)

2 0.22 (0.04–0.60) 0.81 (0.70–0.89)

3 0.46 (0.18–0.76) 0.92 (0.82–0.97)
4 0.44 (0.21–0.70) 0.87 (0.76 −0.93)

5 0.46 (0.20–0.74) 0.90 (0.80–0.96)

6 0.47 (0.22–0.73) 0.86 (0.74–0.92)
7 0.30 (0.13–0.54) 0.88 (0.73–0.94)

8 0.62 (0.39–0.81) 0.75 (0.62–0.84)

9 0.28 (0.11–0.54) 0.86 (0.75–0.93)
10 0.21 (0.07–0.46) 0.88 (0.77–0.92)

11 0.25 (0.07–0.57) 0.81 (0.69–0.89)

12 0.47 (0.25–0.70) 0.85 (0.73–0.91)
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which further enhances its attractiveness for implementa
tion in modern healthcare systems.

Our tool had a higher sensitivity 41% (95% CI 34–48%) 
but a lower specificity 86% (95% CI 83–88%) compared to 
eight similar trigger tools previously tested in a Canadian 
emergency department using manually extracted data with 
tool sensitivities and specificities ranging from 2.6% to 15% 
and 99.3'% to 100%, respectively.20 However, our tool had 
a similar specificity to that of an electronically applied mod
ified GTT from Norway, which was 81% (95% CI 77– 
85%).13 Differences in the findings of sensitivity and speci
ficity result from methodical differences for example in the 
way triggers were extracted from the patient charts. The 
calculation of specificity and sensitivity in our study was 
based on a comparison to the gold standard, which was the 
chart review. Therefore, it is difficult to compare our results 
with those of other studies that used different modified mod
ules of the GTT and different gold standards. Overall, the 

comparison of different institutions using the GTT are of 
limited value due to these methodological differences.4,22 

Other trigger-based tools to detect ADEs in different settings 
have similarly found that the inability to generalize tool 
application or findings are limitations that currently restrict 
their use.23–26

Results from the chart review performed during the 
tool development phase showed that 19% of the patients 
at the USB had one or more ADE, which is in the range of 
that found in other studies of hospitalized patients (6– 
20%).27–30 The occurrence of the most common ADEs 
seen (gastrointestinal symptoms 18%, electrolyte disorders 
14%, hypersensitivity reactions 13% and blood disorders 
12%) aligns with the findings of studies that used the IHI 
trigger tool.19,31 Also, a study from Switzerland using 
a different method for ADE detection than ours showed 
a similar distribution of ADE types occurring in hospita
lized patients.32
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Figure 3 Trigger-identified adverse drug events per 1000 patient days during the 26-month prospective study period (“tool implementation phase”).
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Figure 4 Trigger-identified adverse drug events per 100 admissions during the 26-month prospective study period (“tool implementation phase”).
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There is much room for further improvement of meth
ods to enhance drug safety and its surveillance. Better 
methods for using EHRs to extract information about 
ADE prevalence and drug safety in general are 
needed.17,33,34 Therefore, better learning algorithms that 
can be applied to unstructured data as they exist in EHRs 
are required.2 An approach to improve the performance of 
trigger tools could be to combine them with methods using 
a natural language processing (NLP) technique,35,36 which 
would also enable examination of data from diverse clin
ical data management platforms.

To our knowledge, this is the first study in Switzerland 
to develop and implement an institution-specific, digital 
version of the IHI medication trigger tool and to compare 
its performance to the gold standard of a whole chart 
review. The tool seems to be an efficient method to mea
sure fluctuations in ADE prevalence over time as the 
monthly variance in sensitivity and specificity was low. 
The high ADE prevalence in month 22, for example, when 
14% of admissions had at least one trigger-related ADE, 
compared to the mean value of 4.4% for the entire 26- 
month study period, coincided with the peak of the second 
COVID-19 wave in Switzerland. This finding suggests that 
the tool can pick up signals for unusual conditions or 
situations. Furthermore, we found that patients experien
cing at least one ADE had a significantly longer hospita
lization compared to those who did not (nearly three times 
as long). Whether the prolonged hospital stay is due to 
ADEs cannot be determined from our analysis because the 
risk of experiencing ADEs rises with increasing duration 
of hospitalization, increasing number of medication orders 
and multi-morbidity.37 However, our observation is in 
keeping with what is already known about ADEs and 
length of hospital stay. According to literature, the length 
of hospitalization seems to be two to even three times 
longer in patients with ADE compared to those who had 
not experienced ADE.31,38 The advantage of continual 
ADE monitoring is that the cause of unexpectedly high 
ADE prevalence can be investigated immediately after 
detection and interventions to ameliorate them rapidly 
can be applied. The effect of the interventions can then 
be monitored with the tool.39 Moreover, it will be possible 
to analyze more than the recommended 20 patient charts 
per month without great investment of resources.

Our study has some limitations. First, the tool’s ability to 
comprehensively detect ADEs is limited because it is only 
able to identify trigger-associated ADEs which led to only 
one-third of all ADEs being found by the final tool. For 

example, no specific trigger is present in the IHI medication 
trigger tool for two frequent medication groups involved in 
ADEs, namely antipyretics (8%) and immunosuppressants 
(6%). The corresponding ADEs can therefore not be 
detected by the tool. As a consequence, the tool only pro
vides a sampling approach of ADEs occurring in 
a healthcare setting. Second, the possibility of missing 
data in the patient EHRs and prescription charts, which 
may have led to an underestimation of the tool’s sensitivity. 
Third, variation in the skill of reviewers can lead to perfor
mance bias of the tool. Nevertheless, we found that the tool 
can be used in a single institution repetitively over time due 
to its consistent performance and electronic implementation 
and thus enables continual ADE monitoring. This confirms 
the position taken by the authors of the IHI Global Trigger 
Tool White Paper.4 While this institution-specific tool itself 
is not generalizable to other institutions, and external vali
dation is not meaningful, the tool-development method 
could be applied in any number of diverse settings.

Conclusion
This was the first study to develop and implement a trigger 
tool based on the IHI MTT to efficiently detect ADEs 
occurring in patients treated in a Swiss university hospital. 
The performance of individual triggers varied greatly in 
terms of their positive predictive value (range 0.04–1), but 
not in terms of their negative predictive value (range 0.92– 
1). While the tool showed a moderate sensitivity in detect
ing ADEs, it had a good specificity enabling it to exclude 
ADEs more accurately. The e-trigger tool could be used as 
an instrument to assess the state of drug safety in 
a hospital because it gives the approximate ADE preva
lence over time in a consistent way. However, to improve 
its performance, inclusion of additional triggers and sur
veillance of more than the recommended 20 charts per 
month should be considered.
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