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Background: Adverse drug events (ADEs) are a major cause 
of morbidity and mortality worldwide. Hence, identifying and 
monitoring ADEs is of utmost importance. The Trigger Tool 
introduced by the Institute of Healthcare Improvement in the 
United States has been used in various countries worldwide, 
but has yet to be validated in Israel. 
Objective: To validate the international Trigger Tool in Israel 
and to compare the results with those generated in various 
countries. 
Methods: A retrospective descriptive correlative analysis 
surveying four general hospitals in Israel from different 
geographical regions was conducted. Patient medical charts 
(n=960) were screened for 17 established triggers and 
confirmed for the presence of an ADE. Trigger incidence was 
compared to the actual ADE rate. Further comparison among 
countries was conducted using published literature describing 
Trigger Tool validation in various countries. 
Results: A total of 421 triggers in 279 hospitalizations were 
identified, of which 75 ADEs in 72 hospitalizations (7.5%) 
were confirmed. In addition, two ADEs were identified by chart 
review only. Mean positive predictive value was 17.81% and 
overall sensitivity was 97%. We found 1.54 ADEs for every 
100 hospitalization days, 7.8 ADEs per 100 admissions, and 
1.81 ADEs for every 1000 doses of medication. Of the 77 ADEs 
identified, 22.7% were defined as preventable.
Conclusions: Our results support the Trigger Tool validity 
in Israel as a standardized method. Further studies should 
evaluate between hospital and region differences in ADE rate, 
in particular for the preventable events.
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A
dverse drug events (ADEs) are a major cause of morbidity 
and mortality worldwide. It is estimated that 1 out 5 in-

hospital injuries or deaths are secondary to an ADE, with an 
annual prevalence of up to 450,000 injuries in the United States 
[1,2]. Medication errors have been shown to be responsible for 
20% of ADEs, of which 28% were defined as preventable [3,4]. 
The latter is further accompanied by extra costs of more than 
US$3000 per patient with a 3 day increase in hospital stay [5]. 
In light of these findings, identifying and preventing ADEs 
when they do occur has been a cardinal role in ensuring patient 
safety and reducing healthcare costs [6].

The process of in-hospital drug administration is a multi-
disciplinary process usually involving the treating physician, 
nursing staff, and pharmacists. This process is associated with 
an inherent potential for errors and hence, precise communi-
cation and highly efficient technologies are required for risk 
reduction. Among the technologies, computerized physician 
order entry (CPOE) systems and electronic medication-admin-
istration systems have been used to reduce prescription and 
transcription errors [7]. The former has been shown to reduce 
preventable ADEs by approximately one-third [8]. 

Aside from prevention, identifying an ADE is crucial for 
risk assessment and institutional reasoning. Monitoring patient 
files and voluntary staff reporting were demonstrated to be less 
thorough and more expensive [9]. In 2003, the Institute of 
Healthcare Improvement (IHI) in the United States presented 
the Trigger Tool for measuring ADEs [10]. The tool identifies 
potential ADEs by well-defined clues present in patient records, 
namely triggers. By using this tool, pre-defined triggers are 
screened within the patient’s chart until they are found. This 
procedure is followed by tracking the trigger retrospectively, a 
process that might reveal an ADE. Its low cost and rapid training 
requirements enabled its introduction in many hospitals in the 
United States as well as in various European countries [11-18]. 
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Furthermore, compared to other ADE reporting systems, 
the Trigger Tool was shown to assist in identifying 10 times 
more ADEs in approximately one-third of all hospitalizations. 
However, between-country differences in medical practices 
were shown to affect the Trigger Tool sensitivity and its positive 
predictive value (PPV). The latter has been reported to range 
between 4.0% and 21.5% in Britain and Belgium, respectively 
[16,17]. This finding is further reflected by variance in ADE 
prevalence of 3.4% in Britain and 15.6% in Brazil [17,19]. Given 
the relatively low PPV in the British study, along with an esti-
mated 40% sensitivity for preventable ADEs, the Trigger Tool 
was not adopted in British hospitals. 

In Israel, the evidence is scant with estimated ADE rates 
of 25% and 32% in 1997 and 1998, respectively [20,21]. The 
objective of the present study was to validate the Trigger Tool 
in Israel and to define the ADE rates in four different hospitals. 

PATIENTS AND METHODS

STUDY POPULATION AND SETTING

The study was a retrospective descriptive correlative analysis 
surveying four general hospitals in Israel located in different 
geographical regions. All four hospitals are public academic 
medical centers varying in size from 326 to 1517 beds. The hos-
pitals had different levels of sophistication in electronic medical 
chart usage, with one having a full system including CPOE and 
the other three having a partial system. The study population 
comprised patients who had been hospitalized in internal medi-
cine and surgical departments between January and December 
2014 at each of the four hospitals studied. Inclusion criteria were 
hospitalized patients 18 years of age or older with a hospital 
stay between 2 days and 1 month. All hospitalizations that met 
the inclusion criteria were included. We then randomly selected 
hospitalizations to be included in the study sample using 
Microsoft Excel (version 14.0.6212.5000) software (Microsoft 
Corp, Richmond, CA, USA). The study was approved by the 
institutional review board at each of the participating hospitals.

CHART REVIEW FOR ADVERSE DRUG EVENTS

ADE identification and characterization was conducted using 
the methodology as set by the IHI [10]. Prior to the study initia-
tion, all listed researchers reviewed the various ADE triggers 
and discussed the need for trigger adaptation. Decisions regard-
ing changes were reached only by consensus. Hospitalization 
charts were initially reviewed by a research nurse to identify 
triggers and potential ADEs. We reviewed physician orders, 
medication lists, laboratory reports, admission histories, 
progress and consultation notes, discharge summaries, and 
nursing notes. For each record, the total medication dose was 
manually recorded. Data were abstracted and summarized into 
electronic forms by trained research nurses. Subsequently, each 
form was independently reviewed by two physicians (who were 

the authors of this study). Study personnel underwent train-
ing to allow for standardization and optimize reproducibility 
in data collection. Identified ADEs were further classified by 
the severity of the ADE and the nature of the condition (e.g., 
rash, hematologic event, neurologic event). In addition, each 
event was classified as preventable or non-preventable based 
on the researcher’s clinical judgment. All disagreements in the 
classification of type, severity, or preventability were resolved by 
consensus. To prevent potential conflicts of interest, physicians 
were appointed to review charts that were not from the hospital 
at which they work. 

Apart from looking for trigger-related ADEs, research 
nurses registered other ADEs identified through chart reviews 
in an attempt to identify ADEs not captured by the Trigger 
Tool. Furthermore, in each of the four hospitals, we reviewed 
the patient safety reporting systems for any ADEs reported by 
the staff during the study period, specifically those related to 
the patients included in our study.

SAMPLE SIZE AND STATISTICAL ANALYSIS

Sample size was determined by the Trigger Tool official guide-
lines. This design required the inclusion of 20 charts per month 
for the 1 year study. Accordingly, 240 charts were randomly 
chosen from each hospital, for a total sample size of 960 hos-
pitalizations. Comparison among groups was conducted using 
ANOVA or chi-square for continuous variables and propor-
tions, respectively. 

To validate the research tool, sensitivity was calculated using 
the ADEs identified by the Trigger Tool and those found by 
chart reviews. In addition, the PPV of each trigger was calcu-
lated by dividing the ADEs actually found with those identified 
by the triggers in the same cases. Based on previous studies in 
which low PPV resulted in the withdrawal of the tool, PPV 
above 10% was required to justify further use of the Trigger 
Tool [17]. All analyses were two-tailed and P ≤ 0.05 was con-
sidered significant.

RESULTS

Two triggers originally present in the IHI tool were deemed 
irrelevant to the Israeli healthcare practice and thus were 
excluded: flumazenil administration (T3) due to updated 
guidelines for its use and prolonged PTT (T10) due to the 
limited use of unfractionated heparin in internal medicine 
and general surgery departments. During the study period, a 
total of 421 triggers in 279 hospitalizations were identified, of 
which 75 ADEs among 72 hospitalizations (7.5%, 95% con-
fidence interval [95%CI] 5.8–9.2) were confirmed [Table 1]. 
The calculated mean PPV was 17.81%, with between-hospital 
variation of 11.83–24.21% (P = 0.128). Two ADEs were identi-
fied only by chart review but were not detected by the Trigger 
Tool (sensitivity of 97%). Compared to patients without ADEs, 
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patients with an identified ADE were older (P = 0.009), were 
more often females (P = 0.009), had higher exposure to daily 
medication doses (P < 0.001), and endured a longer hospital 
stay (P < 0.001) [Table 2]. 

Overall, 1.54 ADEs were found for every 100 days of hos-
pitalization, 7.8 ADEs per 100 admissions, and 1.81 ADEs for 
every 1000 doses of medication. Of the 77 ADEs identified, 
22.7% were judged as preventable. Fifty events (64.9%) were 
classified as temporary injury requiring intervention, 25 (32.5%) 
required prolongation of hospital stay, and 2 (2.6%) events 
resulted in death [Table 3].

The most common triggers involved prescribing antiemetics 
(T4, 112 times), abrupt medication stoppage (T18, 100 times), 
rise in serum creatinine (T15, 57 times), transfer to higher level 
of care (T19, 37 times), and Kayexalate (sodium polystyrene) 
administration (T7, 24 times). T4, T18, and T15 were the most 
frequent triggers that resulted in ADE identification. Further 
analysis for PPV per individual trigger demonstrated that pre-
scribing antihistamines (T1, 50.0%), leukopenia (T12, 42.86%), 
hypoglycemia (T8, 41.67%), falls (T16, 38.46%), and vitamin K 
administration (T2, 36.36%) had the highest predictive values 
for ADE identification. Triggers for naloxone administration 
(T5) as well as elevated digoxin levels (T14) were not identified 
in any of the charts.

Based on trigger frequency and their PPVs, a consensus 
panel comprised of researchers who were part of this study 
decided on inclusion and exclusion of triggers, thus suggesting 
a tool to be used for Israeli hospitals. Compared to the original 
Trigger Tool, the Israeli customized tool excludes four triggers 
in total (T3, T5, T10, T14), ending up with 15 triggers. 

DISCUSSION

To the best of our knowledge, the current study is the first to 
measure ADE rates in Israel using a standardized international 
method that enables the comparison of local ADE rates with 
other countries. This research is particularly important given 
the major attention this topic has gained during the last two 
decades. Varying cultures, policies, economic considerations, 
and technologies may all affect ADE rates and hence compari-
sons among countries is somewhat difficult. Nevertheless, in 
our study ADE rates per 100 admissions were similar to reports 
in Britain (3.4) and significantly lower than what was reported 
in Brazil (26.6), the United States (18.7), and Belgium (25.83) 
[Table 4]. Furthermore, preventable ADE rates are consistent 
with the previously reported rate of 28% [4].

A mean PPV of 17.8% is higher than the predictive values 
reported in studies from most other countries (range 4.0%–
21.50%). This finding helps to validate the adopted Trigger Tool 
in Israel. The difference in rates might be due to the trigger adap-
tation that was designed prior to the initiation of the study ini-
tiations. Based on updated guidelines, flumazenil is rarely used 

Table 1. Trigger Tool list based on the IHI Trigger Tool, adjusted to Israel 

Trigger # Description
Triggers 
found

ADEs 
found

Positive 
predictive value 

T1 Diphenhydramine administration 14 7 50%

T2 Vitamin K administration 11 4 36.36%

T4 Antiemetic administration 112 13 11.61%

T6 Antidiarrheals 8 1 12.5%

T7 Kayexalate (sodium polystyrene) administration 24 4 16.67%

T8 Blood glucose concentration ≤ 50 g/dl 12 5 41.67%

T9 Clostridium difficile positive stool 3 0 N/A

T11 INR > 6 1 0 N/A

T12 White blood count ≤ 3000/mm3 7 3 42.86%

T13 Thrombocytopenia ≤ 50,000/mm3 9 1 11.11%

T15 Rise in serum creatinine 57 10 17.54%

T16 Over sedation, lethargy, or falls 13 5 38.46%

T17 Rash 13 2 15.38%

T18 Abrupt cessation of medication 100 19 19.0%

T19 Transfer to higher level of care 37 1 2.70%

ADE = adverse drug events, IHI = Institute of Healthcare improvement, INR = international 
normalized ratio, N/A = not applicable

Table 2. Group characteristics according to the presence of adverse 
drug events 

Variable No ADE With ADE P value

Hospitalizations (%) 888 (92.5) 72 (7.5) –

Age, years 64.0 ± 19.6 70.3 ± 16.1 0.009
Gender, female (%) 430 (48.4) 47 (65.3) 0.009
Department (%) Surgical 200 (93.9) 13 (6.1)

0.465*
Medical 688 (92.1) 59 (7.9)

Mean daily doses 41.4 ± 42.5 63.8 ± 55.3 < 0.001
Length of hospital stay, days 4.9 ± 2.8 6.9 ± 4.4 < 0.001

*P value for differences in departments relates to differences between ADE 
rates in surgical and medical departments, significant values are in bold
ADE = adverse drug events

Table 3. List of adverse events severity

Injury level  

(category)

Number  

(%)

Preventable  

(%)

Most prevalent triggers,  

n (%)

Temporary 
harm requiring 
intervention (E)

50 (64.9) 10 (20) T4: Antiemetic 
administrations, 13 (26)
T18: Abrupt cessation of 
medication, 11 (22)
T1: Antihistamine 
administration, 7 (14)

Temporary 
harm requiring 
prolongation of 
hospitalization (F)

25 (32.5) 7 (28) T18: Abrupt cessation of 
medication, 8 (32)
T15: Rise in serum 
creatinine, 6 (24)

Permanent harm (G) 0 (0) 0 (0) None

Intervention required 
to sustain life (H)

0 (0) 0 (0) None

Death (I) 2 (2.6) 0 (0) T12: Leukopenia  
≤ 3000/mm3, 1 (50)
T13: Thrombocytopenia  
≤ 50,000mm3, 1 (50)
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recognized through the tool itself by using full chart reviews 
and archives of patient safety reporting. Thus, we believe that 
the high sensitivity (97%) provides a good enough estimation. 
Noteworthy is also the difference in the level of electronic medi-
cal records at the four hospitals. These differences could have an 
impact on the actual ability to detect ADEs. However, the Trigger 
Tool is reported to work well with electronic records. [8,25] 

CONCLUSIONS

ADEs rates measured in four hospitals in Israel are similar to 
those described in the international literature. This, together 
with the high PPV demonstrated, further supports the validity 
of the Trigger Tool in Israel as a standardized method. Further 
studies should evaluate the between-hospital and regional dif-
ferences in ADE rate, in particular for preventable events. This 
research may help in our understanding of how different meth-
ods are used to prevent ADEs, such as computerized decision 
support or pharmacist-led initiatives. Success in reducing ADEs 
could impact future local as well as national policy.
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The Cancer Genome Atlas (TCGA) provides a high-quality 
resource of molecular data on a large variety of human 
cancers. Corces and co-authors used a recently modified assay 
to profile chromatin accessibility to determine the accessible 
chromatin landscape in 410 TCGA samples from 23 cancer 
types. When the data were integrated with other omics data 
available for the same tumor samples, inherited risk loci for 

cancer predisposition were revealed, transcription factors and 
enhancers driving molecular subtypes of cancer with patient 
survival differences were identified, and non-coding mutations 
associated with clinical prognosis were discovered.
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Besides supporting host metabolism, our intestinal microbiota 
also plays a vital role in modulating functions of immune cells 
in the gut. Verma and colleagues examined how a particular 
probiotic strain, Bifidobacterium bifidum, promotes the 
generation of regulatory T cells (Tregs) in the intestine. β-glucan/
galactan polysaccharides derived from the cell wall of B. bifidum 
were responsible for promoting Treg induction in the intestine. 

This process was dependent on intestinal dendritic cells that 
express Toll-like receptor 2. Thus, microbial components, rather 
than live microbes, could potentially be used to treat microbial 
dysbiosis associated with gastrointestinal disorders, including 
colitis and Crohn’s disease.
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