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Abstract
Background: Although there are systems for reporting adverse drug reactions (ADR), these safety events remain
under reported. The low-cost, low-tech trigger tool method is based on the detection of events through clues, and
it seems to increase the detection of adverse events compared to traditional methodologies. This study seeks to
estimate the prevalence of adverse reactions to drugs in patients seeking care in the emergency department.
Methods: Retrospective study from January to December, 2014, applying the Institute for Healthcare Improvement
(IHI) trigger tool methodology for patients treated at the emergency room of a tertiary care hospital.
Results: The estimated prevalence of adverse reactions in patients presenting to the emergency department was 2.
3% [CI95 1.3% to 3.3%]; 28.6% of cases required hospitalization at an average cost of US$ 5698.44. The most
common triggers were hydrocortisone (57% of the cases), diphenhydramine (14%) and fexofenadine (14%).
Anti-infectives (19%), cardiovascular agents (14%), and musculoskeletal drugs (14%) were the most common causes
of adverse reactions. According to the Naranjo Scale, 71% were classified as possible and 29% as probable. There
was no association between adverse reactions and age and sex in the present study.
Conclusions: The use of the trigger tool to identify adverse reactions in the emergency department was possible
to identify a prevalence of 2.3%. It showed to be a viable method that can provide a better understanding of
adverse drug reactions in this patient population.
Keywords: Trigger tool, Pharmacovigilance, Adverse drug reactions, Medication, Hospital, Methodology, Pharmacy,
Quality assurance, Reports, Emergency room

Background
According to the World Health Organization (WHO), an
adverse reaction to drugs is the harmful and unintentional
reaction to the use of medications, which occurs at doses
normally used in humans for the prophylaxis, diagnosis,
or treatment of diseases or to modify a physiological function [1, 2]. Adverse drug reaction (ADR) is the fifth leading cause of death among Americans, surpassed only by
heart disease, stroke, cancer, and lung diseases [3, 4]. The
economic consequences are still not well elucidated, but
there are two points to consider: the cost related to treatment and the cost related to prevention. The cost estimate
for treatment in the United States reaches $130 billion per
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year [3–5]. Estimates in France suggest that up to 123,000
patients per year require medical treatment due to ADRs
and these patients often require hospitalization [6–12].
Although there are systems to report ADRs, there is
consistent under reporting. Therefore, the true rates of
ADRs are difficult to determine, and cases leading to
hospitalization or death may not be captured. Additionally, ADRs are important to detect and to report because
the majority of them are considered preventable [13–15].
The Institute for Healthcare Improvement (IHI) trigger
tool is a low-cost, low-tech method for detecting adverse
events and adverse reactions through clues (triggers) such
as: the use of antidotes, antiemetics, or antidiarrhea agents,
variations in relevant laboratory tests such as the prothrombin time, INR (international normalized ratio), plasma
levels of low therapeutic index drugs (phenytoin, carbamazepine, etc.), signs and symptoms such as cutaneous
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rash, and patient transfer to intensive care units. This technique seems to increase the detection rate of adverse events
by a factor of approximately 50 compared to traditional
methodologies [4, 14–17].
The Hospital Israelita Albert Einstein, accredited by
the JCI (Joint Commission International) is heavily involved in patient safety issues and has a pharmacovigilance program that monitors adverse events and ADRs;
however, it suffers from a lack of accurate information
about the actual number of adverse reactions and from a
lack of specific monitoring indicators.
The objective of the present study is to estimate the
prevalence of suspected adverse reaction to drugs in patients seeking treatment in the emergency room – (ER),
describing the causes and the related factors, using the
trigger tool method.

Methods
A retrospective study was conducted in the Hospital
Israelita Albert Einstein, a 600-bed hospital located in
the city of São Paulo, Brazil. Its emergency department
treats 400 patients daily. The study gathered data from
866 randomly selected patients treated in the emergency
department (Fig. 1) during the time period January 1,
2014 to December 31, 2014. This study was approved by
Institutional Research Ethics Committee.
Inclusion criteria included the administration of specified
trigger medications, drugs that might be given in response

Fig. 1 Study flow chart
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to suspected adverse reactions to other drugs. Each trigger
medication administration was identified via review of the
electronic medical record. The following medications were
used as triggers: antihistamines and anti-allergy medications that can be used in cases of anaphylactoid or allergic
reactions: diphenhydramine, fexofenadine, methylprednisolone, hydrocortisone, and hydroxyzine. Medications used to
reverse the action of other drugs were also used as triggers:
phytomenadione, used to reverse the action of oral anticoagulants such as warfarin; acetylcysteine, which, among
other things, is used in cases of paracetamol and acetaminophen overdose; naloxone, a medication used to reverse the action of opioids (morphine, methadone, fentanyl,
codeine); and flumazenil, a medication used to reverse the
action of benzodiazepines (alprazolam, bromazepam, clobazam, clonazepam, diazepam, flunitrazepam, midazolam,
and lorazepam). Emergency department patients that did
not receive a trigger medication were excluded. Among the
triggers used to detect adverse events, we chose drugs that
are normally used to reverse adverse reactions in the hospital. We did not use other trigger medications related to
diagnostic exams, use of specific treatments like dialysis or
blood transfusion, or surgical procedures, transfer to critical
care units, or activation of a rapid response team.
The Naranjo Scale was used to assess causality, and the
cases were classified as: doubtful, possible, probable, or
definite [18]. The patients were stratified into three age
groups: under the age of 18 years, between 18 and 60 years,
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and those over 60 years. The International Code of Diseases – ICD 10 [19] was used to classify the diagnoses for
the emergency department visit. The cost was calculated
for the visits of patients involved in the suspected events.
It included all procedures, medications and daily
hospitalization costs. Inter-rater reliability regarding the
identification of suspected ADRs was determined using
the Kappa coefficient [20, 21]. The study was exempted
from the requirement for informed consent after an evaluation by the Committee for Ethics in Research.
Statistical analysis

Categorical variables were described by absolute frequencies and percentages, and the numerical variables, by median and interquartile range (IQR), in addition to the
minimum and maximum values. The sample size was calculated based on the proportion of suspected adverse reaction to drugs in patients seeking treatment in the
emergency room. Assuming that the rate of occurrence of
ADR is 2.5%, a sample size of 865 patients produces a twosided 95% confidence interval with a width equal to 2.0%.
To estimate the prevalence of visits to the emergency
room due to suspected adverse drug reactions, a model
of generalized estimating equations (GEE) was set, considering the correlation between measurements on the
same patient on different visits. The results of the model
were presented by adjusted proportion and a 95% confidence interval. The analyses were performed using SPSS
version 24 with the significance level set at 5% [22–25].

Page 3 of 7

hydrocortisone plus diphenhydramine plus fexofenadine, 2
(2.4%) fexofenadine plus methylprednisolone, 2 (2.4%)
hydrocortisone plus methylprednisolone, 1 (1.2%) requiring
acetylcysteine, 1 (1.2%) requiring activated charcoal, 1
(1.2%) requiring phytomenadione, 1 (1.2%) requiring diphenhydramine plus fexofenadine, 1 (1.2%) requiring hydrocortisone plus fexofenadine plus methylprednisolone, 1
(1.2%) requiring hydrocortisone plus diphenhydramine plus
hydroxyzine, 1 (1.2%) requiring hydrocortisone plus
diphenhydramine plus methylprednisolone and 1 (1.2%) flumazenil (Table 1).
The most frequent diagnoses for which the offending
drug was prescribed (the underlying diseases identified by
the physician who attended the patients) were related to
otorhinolaryngology (19.3%), gastroenterology (11.8%),
lung disease (11.8%), and neurology (7.9%). The majority
of patient did not require hospitalization (81.8%).
Suspected adverse reaction

The rate of occurrence of ADR was 2.4% (n = 21) in the
sample of 866 visits to the ER (Fig. 1); however, one
Table 1 Distribution of trigger drugs used on the population
studied and in cases of ADR
Trigger drugs

Total
population

Suspected
cases

n(%)

n(%)

Diphenhydramine

3 (3.6)

1 (4.8)

Diphenhydramine / fexofenadine

1 (1.2)

1 (4.8)

Results

Difenidrin / Methylprednisolone

3 (3.6)

1 (4.8)

Population characteristics

Fexofenadine

14 (16.6)

2 (9.5)

The age of patients from the emergency department randomly selected for review (N = 866) at the time of the
visit ranged between 0 (newborn) and 98 years, and half
of them were under 32 (Q1 = 10 years and Q3 = 45 years).
Stratifying by age, 34.6% were under 18 years, 55.3%
were between 18 and 59 years, and 10.0% were 60 years
or over, with a 51.0% females and 49.0%, males.
There were 44 evaluations conducted by two raters to
assess inter rater reliability. As for the presence of adverse reactions, the raters agreed in 95.4% of the cases,
with 0.906 coefficient of agreement (standard deviation
0.065, p < 0.001). As for the Naranjo Scale, the raters
agreed in 93.2% of the cases, with a coefficient of agreement of 0.877 (standard deviation 0.068, p < 0.001).
Of the total population analyzed (n = 866), 9.7% of patients (n = 84) were prescribed medication considered to be
a trigger, with 16 (19%) requiring hydrocortisone, 16 (19%)
methylprednisolone, 14 (16.6%) requiring fexofenadine, 8
(9.5%) requiring hydrocortisone plus diphenhydramine, 5
(5.9%) hydroxyzine, 4 (4.8%) hydrocortisone plus fexofenadine, 3 (3.6%) requiring diphenhydramine, 3 (3.6%)
diphenhydramine plus methylprednisolone, 3 (3.6%)

Fexofenadina / Methylprednisolone

2 (2.4)

1 (4.8)

Phytomenadione

1 (1.2)

1 (4.8)

Hydrocortisone

16 (19)

1 (4.8)

Hydrocortisone / Diphenhydramine

8 (9.5)

5 (23.8)

Hydrocortisone / Diphenhydramine/
fexofenadine

3 (3.6)

1 (4.8)

Hydrocortisone / Diphenhydramine /
Methylprednisolone

1 (1.2)

1 (4.8)

Hydrocortisone / fexofenadine

4 (4.8)

2 (9.5)

Hydrocortisone / fexofenadine /
Methylprednisolone

1 (1.2)

1 (4.8)

Hydroxyzine

5 (5.9)

3 (14.3)

Activated charcoal

1 (1.2)

Acetylcysteine

1 (1.2)

Flumazenil

1 (1.2)

Hydrocortisone / Diphenhydramine /
Hydroxyzine

1 (1.2)

Hydrocortisone / Methylprednisolone

2 (2.4)

Methylprednisolone

16 (19)

Total

84(100)

21(100)
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patient had two visits and both due to the occurrence of
an ADR event. Thus, it was necessary to adjust the ratio
to monitor this duplication.
Considering the repetition of events in one patient, the
estimated rate is 2.3% (95% CI from 1.3% to 3.3%).
The ADRs detected were: urticaria (n = 4), pruritus
(n = 2), respiratory problem (n = 2), angioneurotic edema
(n = 2), anxiety disorder (n = 1), prurigo/cutaneous
eruption (n = 1), fatigue (n = 1), hordeolum (n = 1), bleeding/hematoma (n = 1), skin eruption (n = 1), ocular edema
(n = 1), tongue edema (n = 1), dermatitis (n = 1), allergy
not specified (n = 1), restlessness (n = 1).
By adjusting the model to estimate the prevalence of
visits to the emergency department due to suspected adverse reactions, we found the estimated prevalence to be
2.31% [1.31% to 3.31%]. There was no association with
age (p = 0.248) or gender (p = 0.901). The prevalence
was 2.3% for males and 2.4% for females. With regards
to age, the prevalence of ADR was 1.3% (CI95%0.5% 3.1%) in patients younger than 18 years, 2.7% (CI95%1.5%
- 4.5%) in patients between 18 and 59 years, and 3.4%
(CI95%1.0% - 8.9%) in patients aged 60 years or older.
Among the most frequent diagnoses at the time of presentation for the ADR in this group were upper airway infections (14.2%), unspecified dermatitis (9.5%), urticaria
(9.5%), unspecified allergies (9.5%), and unspecified acute
bronchitis (9.5%) (Table 2).
Among patients who received trigger drugs, 25%
(n = 21) had a suspected ADR; 23.8% (n = 5) were identified through the use of hydrocortisone plus diphenhydramine; 14.3% (n = 3) were identified through the
use of hydroxyzine; 9.5% (n = 2) with fexofenadine and
9.5% (n = 2) hydrocortisone plus fexofenadine (Table 1).
As for the suspected medications causing adverse reactions in the 21 patients, 19% (n = 4) were anti-infectives,
14.3% (n = 3) were cardiovascular drugs, and 14.3%
(n = 3) were drugs for the musculoskeletal system. The
positive predictive value of the administration of trigger
drugs was 25% (21/84%).
Outcome

Applying the Naranjo Scale to evaluate the probability of
an adverse drug reaction, we found that 15 (71%) were
possible and 6 (29%) with probable ADRs. There were
no reaction cases classified as doubtful or definite, and
there were no fatal cases (Table 2).
Of the 21 ADRs observed in the sample, 28.6% required
hospitalizations that lasted from 1 to 12 days (Table 2).
As for the costs associated with outpatient and inpatient visits, a total cost of US$38,020.60 was seen for
the 21 patients—an average of US$1810.50 per patient
with suspected ADR, whereas patients who were hospitalized incurred a total cost of US$34,193.10, an average
of US$5698.84 per patient.
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Discussion
Although there are various reporting systems for adverse reactions and adverse events, there is consistent
under-reporting of ADR, and it has been shown that
many ADRs represent known interactions and are
likely to be preventable [13–15]. In this study, drugs
considered as triggers were used to identify suspected
adverse reactions of patients presenting to the emergency room, and a 2.3% prevalence of adverse drug reactions was identified in the population studied.
Several studies conducted to identify adverse events
among patients in the emergency room using various
other methodologies found incidence rates between
0.9 and 3.9%, while another study found 4.7% [26–28].
In spite of studies indicating that the number of visits
to emergency departments due to an ADR is higher in
elderly patients [29], the present study did not find an
association between cases of suspected ADRs and age.
A recent 2013–2014 study of surveillance data in the
United States [28] identified that the most common
cause of these events were related to anti-infectives,
similar to what we found in the present study. Anticoagulants, diabetes agents and opioid analgesics were
implicated as other commons reasons for emergency
department visits related to ADRs in the national survey [28], while the present study found cardiovascular
drugs and musculoskeletal drugs as common medications causing ADRs, with these categories also appearing in other studies [26–31].
Another American study found their most frequent
diagnoses associated with the adverse reaction to be:
skin conditions, gastrointestinal illnesses, and neurological conditions [27]. In the present study, the most
frequent diagnoses were: upper airway infections, unspecified acute bronchitis, unspecified dermatitis, urticaria, and unspecified allergies.
Applying the Naranjo Scale to evaluate the causal relationship of the occurrences of suspected ADRs, 15 (71%)
were found with a possible causal relationship and 6
(29%) were found to be probable, which differed from
the findings in a British study in which the majority of
the cases were considered probable (approximately 69%)
followed by possible (29%), and definite (between 0.7
and 2.9%) [13]. The present study had no reaction cases
classified as definite or doubtful.
A population-based study in patients older than
16 years assessing the need for hospitalization identified
that 80% of ADR cases led to hospitalization [13]. In another study in elderly patients, 21.6% were hospitalized
due to adverse reactions [32]. In the United States,
27.3% of emergency department visits for ADR resulted
in hospitalizations [28]. In the present study, we found
that 28.6% of the ADR cases needed hospitalization and
there were no fatal cases.
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Table 2 Characteristics of patients treated in the emergency
room forADR

Table 2 Characteristics of patients treated in the emergency
room forADR (Continued)

Presented with suspected adverse reaction

n(%)

Presented with suspected adverse reaction

n(%)

No

845 (97.6)

Outcome (n = 21)

n(%)

Yes

21 (2.4)

Total

866 (100)

Assessment –Naranjo Scale

n(%)

Definite

Discharge

15 (71.4)

Admission

6 (28.6)

Length of stay (days)

n(%)

0

0

16 (76.2)

Probable

6 (28.6)

1

1 (4.8)

Possible

15 (71.4)

2

1 (4.8)

Doubtful

0

3

1 (4.8)

Total

21 (100)

11

1 (4.8)

Total

21 (100)

12

1 (4.8)

Classification of medications causing ADRs

n(%)

Total

21 (100)

Anti-infectives

4 (19.0)

Cardiovascular

3 (14.3)

Musculoskeletal

3 (14.3)

Not recorded

2 (9.5)

Digestive tract and metabolism

1 (4.8)

Personal hygiene and cleaning/cosmetic products

1 (4.8)

Hematologic

1 (4.8)

Respiratory

1 (4.8)

Neurologic + Endocrine

1 (4.8)

Neurologic + Cardiovascular + GI

1 (4.8)

Neurologic + Cardiovascular

1 (4.8)

Musculoskeletal + Personal hygiene and cleaning/cosmetic
products

1 (4.8)

Musculoskeletal + Anti-infective

1 (4.8)

Total

21 (100)

Primary diagnosis of patients with ADR assigned by the provider n(%)
Acute upper respiratory infections

3 (14.2)

Acute bronchitis

2 (9.5)

Dermatitis

2 (9.5)

Urticaria

2 (9.5)

Other and unspecified allergy

2 (9.5)

Anxiety disorder

1 (4.8)

Hordeolum of eyelid

1 (4.8)

Pneumonia

1 (4.8)

Dyspepsia

1 (4.8)

Gastrointestinal hemorrhage

1 (4.8)

Other prurigo

1 (4.8)

Mucocutaneous lymph node syndrome [Kawasaki]

1 (4.8)

Back Pain

1 (4.8)

Urinary tract infection

1 (4.8)

Angioneurotic edema

1 (4.8)

Total

21 (100)

As for the costs associated with patients’ visits, one
study gave an average of US$8888 per admission, and in
another study of an elderly population, hospitalization
due to severe adverse reactions represented an additional
cost of US$11 million per year, while in another study
the cost was US$2262 per ADR [28, 32, 33]. In the
present study, there was a total cost of US$38,020.60 for
the 21 patients, an average of US$1810.50 per patient
with suspected ADR, whereas patients who were hospitalized had a total cost of US$34,193.10, an average of
US$5698.84 per patient hospitalized.
One of the limitations of the present study was the use
of trigger drugs alone to identify suspected ADRs [28].
No searches for abnormal results from laboratory tests
were included. It needs to be stated that not all ADRs
require medications that would be identified as trigger
drugs, so in this study such ADRs would not have been
detected. Another limitation is that, since it was a retrospective study, there was no access to other information
from the patients, such as the use of herbal medicines
and other alternative therapies before the event; the information was limited to what was described in the
medical charts of these patients. Although the sample
size could be assumed as a limitation of this study, the
most important point of the study is that we were able
to detect ADRs in the emergency department by the
trigger tool, and we were able to prevent new ones and
reduce harm.

Conclusions
We conclude that the application of trigger drugs to
identify adverse reactions in the emergency department
is a viable method and can be used to better understand
the adverse drug reactions of patients treated in the
emergency room and to direct actions related to pharmacovigilance in this sector.

de Almeida et al. BMC Pharmacology and Toxicology (2017) 18:71

Abbreviations
ADR: Adverse drug reaction; ER: Emergency room; ICD 10: The International
Code of Diseases; IHI: Institute for Healthcare Improvement; INR: International
normalized ratio; JCI: Joint Commission International; WHO: World Health
Organization

Page 6 of 7

8.

9.

Acknowledgments
We gratefully acknowledge all the library professionals and the statistical
support from Hospital Israelita Albert Einstein, São Paulo, Brazil.

10.

Funding
No financial support was provided relevant to this article.

11.

Availability of data and materials
Confidentiality agreements prevent us from sharing the raw data generated
during this study.

12.

13.
Authors’ contributions
SMA, AR, AAF, GRZ participated in the data collected. SMA, AR, AAF, GRZ,
ARM, MBE participated in the data analysis. SMA, AR, ARM, MBE participated
in the design and coordination. SMA, AR, AAF, GRZ, ARM, MBE helped to
draft the manuscript and to provide critical review to the manuscript. All
authors read and approved the final manuscript.

14.

15.
Ethics approval and consent to participate
This study was approved by the Ethics Committee of the Instituto Israelita de
Ensino e Pesquisa Albert Einstein. The requirements for informed consent
were waived by our Institutional Review Board in accordance of the Code of
Federal Regulation and of the Privacy Rule.
Consent for publication
Not applicable.

16.
17.

18.

Competing interests
The authors declare that they have no competing interests. This research
received no specific grant from any funding agency in the public,
commercial, or not-for-profit sectors.

19.

Publisher’s Note

20.

Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1
Pharmacist, Hospital Israelita Albert Einstein, Avenida Albert Einstein, 627 –
bloco E, 2° andar, Morumbi, São Paulo 05651-901, Brazil. 2Division of Medical
Practice, Hospital Israelita Albert Einstein, São Paulo, Brazil. 3Office of Clinical
Quality, Safety and Performance Improvement, University of Iowa Hospitals
and Clinics, Iowa City, IA, USA.

21.
22.

23.
24.

Received: 24 March 2017 Accepted: 24 October 2017
25.
References
1. WHO. The importance of pharmacovigilance – safety monitoring of
medicinal products. Geneva: WHO; 2002. http://apps.who.int/medicinedocs/
pdf/s4893e/s4893e.pdf. Accessed 8 Mar 2017.
2. WHO. National Pharmacovigilance Systems – country profiles and overview.
Uppsala: The Uppsala Monitoring Centre; 1997.
3. Lazarou J, Pomeranz BH, Corey PN. Incidence of adverse drug reactions in
hospitalized patients: a meta-analysis of prospective studies. JAMA. 1998;
279:1200–5. doi:10.1001/jama.279.15.1200.
4. Classen DC, Resar R, Griffin F, et al. 'Global trigger tool' shows that adverse
events in hospitals may be ten times greater than previously measured.
Health Aff (Millwood). 2011;30:581–9. doi:10.1377/hlthaff.2011.0190.
5. FDA. Pharmacovigilance planning (PvP). Geneva: FDA; 2003.
6. Lacoste-Roussillon C, Pouyanne P, Haramburu F, et al. Incidence of serious
adverse drug reactions in general practice: a prospective study. Clin
Pharmacol Ther. 2001;69:458–62.
7. Howard RL, Avery AJ, Slavenburg S, et al. Which drugs cause preventable
admissions to hospital? A systematic review. Br J Clin Pharmacol. 2007;63:
136–47. doi:10.1111/j.1365-2125.2006.02698.x.

26.

27.
28.

29.

30.

31.

Impicciatore P, Choonara I, Clarkson A, et al. Incidence of adverse
drug reactions in paediatric in/out-patients: a systematic review and
meta-analysis of prospective studies. Br J Clin Pharmacol. 2001;52:77–
83. doi:10.1046/j.0306-5251.2001.01407.x.
Budnitz DS, Shehab N, Kegler SR, et al. Medication use leading to emergency
department visits for adverse drug events in older adults. Ann Intern Med.
2007;147:755–65. doi:10.7326/0003-4819-147-11-200712040-00006.
Routledge PA, O’Mahony MS, Woodhouse KW. Adverse drug reactions in
elderly patients. Br J Clin Pharmacol. 2004;57:121–6. doi:10.1046/j.1365-2125.
2003.01875.x.
Atkin PA, Veitch PC, Veitch EM, et al. The epidemiology of serious adverse
drug reactions among the elderly. Drugs Aging. 1999;14:141–52. doi:10.
2165/00002512-199914020-00005.
Sultana J, Cutroneo P, Trifirò G. Clinical and economic burden of adverse
drug reactions. J Pharmacol Pharmacother. 2013;4(Suppl 1):S73–7. doi:10.
4103/0976-500X.120957.
Pirmohamed M, James S, Meakin S, et al. Adverse drug reactions as cause of
admission to hospital: prospective analysis of 18 820 patients. BMJ. 2004;
329:15–9. doi:10.1136/bmj.329.7456.15.
Alghamdy MS, Randhawa MA, Al-Wahhas MH, et al. Admissions for drugrelated problems at the emergency Department of a University Hospital in
the Kingdom of Saudi Arabia. J Family Community Med. 2015;22:4–48. doi:
10.4103/2230-8229.149590.
Zed PJ, Abu-Laban RB, Balen RM, et al. Incidence, severity and preventability
of medication-related visits to the emergency department: a prospective
study. CMAJ. 2008;178:1563–9. doi:10.1503/cmaj.071594.
Adler L, Denham CR, McKeever M, et al. Global trigger tool: implementation
basics. J Patient Saf. 2008;2008:245–9. doi:10.1097/PTS.0b013e31818e8a87.
Institute for Healthcare Improvement. Introduction to trigger tools for
identifying adverse events. Cambridge: IHI; 2017. http://www.ihi.org/resources/
Pages/Tools/IntrotoTriggerToolsforIdentifyingAEs.aspx. Accessed 1 Mar 2017.
Naranjo CA, Busto U, Sellers EM, et al. A method for estimating the
probability of adverse drug reactions. Clin Pharmacol Ther. 1981;30:239–45.
doi:10.1038/clpt.1981.154.
WHO, editor. International statistical classification of diseases and related
health problems. 10th ed. Geneva: WHO; 2016. http://apps.who.int/
classifications/icd10/browse/Content/statichtml/ICD10Volume2_en_2016.pdf.
Accessed 1 Jan 2013.
Gwet KL. Handbook of inter-rater reliability. 4th ed. Gaithersburg: Advanced
Analytics, LLC; 2014. http://www.agreestat.com/book4/9780970806284_
prelim_chapter1.pdf. Accessed 1 Jan 2017.
Gwet KL. Computing inter-rater reliability and its variance in the presence of
high agreement. Br J Math Stat Psychol. 2008;61:29–48.
Peduzzi P, Concato J, Kemper E, et al. A simulation study of the number of
events per variable in logistic regression analysis. J Clin Epidemiol. 1996;49:
1373–9. doi:10.1016/S0895-4356(96)00236-3.
Altman DG. Practical statistics for medical research. Boca Raton: Chapman &
Hall/CRC; 1990. Series: Chapman & Hall/CRC Texts in Statistical Science
Faraway JJ. Extending the linear model with R: generalized linear, mixed
effects and nonparametric regression models. Boca Raton: Chapman & Hall/
CRC; 2006. Texts in Statistical Science Series
SPSS. Released 2008. SPSS statistics for windows, version 17.0. Chicago:
SPSS; 2008.
Budnitz DS, Pollock DA, Weidenbach KN, et al. National surveillance of
emergency department visits for outpatient adverse drug events. JAMA.
2006;296:1858–66. doi:10.1001/jama.296.15.1858.
Prince BS, Goetz CM, Rihn TL, et al. Drug-related emergency department
visits and hospital admissions. Am J Hosp Pharm. 1992;49:1696–700.
Shehab N, Lovegrove MC, Geller AI, et al. US emergency department visits
for outpatient adverse drug events, 2013-2014. JAMA. 2016;316:2115–25.
doi:10.1001/jama.2016.16201.
Hanlon JT, Schmader KE, Koronkowski MJ, et al. Adverse drug events in high
risk older outpatients. J Am Geriatr Soc. 1997;45:945–8. doi:10.1111/j.15325415.1997.tb02964.x.
Hafner JW Jr, Belknap SM, Squillante MD, et al. Adverse drug events in
emergency department patients. Ann Emerg Med. 2002;39:258–67. doi:10.
1067/mem.2002.121401.
Hohl CM, Zed PJ, Brubacher JR, et al. Do emergency physicians
attribute drug-related emergency department visits to medicationrelated problems? Ann Emerg Med. 2010;55:493–502.e4. doi:10.1016/j.
annemergmed.2009.10.008.

de Almeida et al. BMC Pharmacology and Toxicology (2017) 18:71

Page 7 of 7

32. Wu C, Bell CM, Wodchis WP. Incidence and economic burden of
adverse drug reactions among elderly patients in Ontario emergency
departments: a retrospective study. Drug Saf. 2012;35:769–81. doi:10.
2165/11599540-000000000-00000.
33. Classen DC, Pestotnik SL, Evans RS, et al. Adverse drug events in
hospitalized patients. Excess length of stay, extra costs, and attributable
mortality. JAMA. 1997;277:301–6. doi:10.1001/jama.1997.03540280039031.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

