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Introduction
The risk of adverse drug events (ADEs) is higher 
in the intensive care unit (ICU) and is associated 
with more pronounced deleterious outcomes than 
general ward patients. An ADE is any patient 

injury directly attributed to medication use.1 A 
landmark trial found the rate of ADEs was high-
est in the medical ICU (19.4 events per 1000 
patient days) compared with medical and surgical 
general wards (10.6 and 8.9 events per 1000 
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Abstract
Background: Medication safety strategies involving trigger alerts have demonstrated potential 
in identifying drug-related hazardous conditions (DRHCs) and preventing adverse drug events 
in hospitalized patients. However, trigger alert effectiveness between intensive care unit (ICU) 
and general ward patients remains unknown. The objective was to investigate trigger alert 
performance in accurately identifying DRHCs associated with laboratory abnormalities in ICU 
and non-ICU settings.
Methods: This retrospective, observational study was conducted at a university hospital over 
a 1-year period involving 20 unique trigger alerts aimed at identifying possible drug-induced 
laboratory abnormalities. The primary outcome was to determine the positive predictive 
value (PPV) in distinguishing drug-induced abnormal laboratory values using trigger alerts in 
critically ill and general ward patients. Aberrant lab values attributed to medications without 
resulting in an actual adverse event ensuing were categorized as a DRHC.
Results: A total of 634 patients involving 870 trigger alerts were included. The distribution of 
trigger alerts generated occurred more commonly in general ward patients (59.8%) than those 
in the ICU (40.2%). The overall PPV in detecting a DRHC in all hospitalized patients was 0.29, 
while the PPV in non-ICU patients (0.31) was significantly higher than the critically ill (0.25)  
(p = 0.03). However, the rate of DRHCs was significantly higher in the ICU than the general 
ward (7.49 versus 0.87 events per 1000 patient days, respectively, p < 0.0001). Although most 
DRHCs were considered mild or moderate in severity, more serious and life-threatening 
DRHCs occurred in the ICU compared with the general ward (39.8% versus 12.4%, respectively, 
p < 0.001).
Conclusions: Overall, most trigger alerts performed poorly in detecting DRHCs irrespective of 
patient care setting. Continuous process improvement practices should be applied to trigger 
alert performance to improve clinician time efficiency and minimize alert fatigue.
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patient days, respectively).2 After adjusting for 
the number of medications administered, medical 
ICU patients continued to have the highest risk of 
experiencing an ADE.2 Also, the rate of prevent-
able and potential ADEs in the critically ill has 
been estimated to be almost twofold higher than 
the general ward population, with the medical 
ICU associated with the highest risk.3 Although 
no significant differences between ICU and non-
ICU rates were found in this study after adjusting 
the number of medications used, it is important 
to recognize that nonpreventable events were not 
included.3 The hospital length of stay resulting 
from ADEs transpiring in ICU patients is 1.6 
days longer than those occurring in the general 
ward.3 The economic burden related to drug-
induced adverse events on healthcare institutions 
has been significant. Incremental costs associated 
with an ADE transpiring in the ICU has been 
estimated at $10,100 (adjusted year 2017 cur-
rency) more than those in the general ward.4

Comprehensive ADE surveillance programs have 
historically focused on identification rather than 
prevention.5,6 However, one particular surveillance 
strategy utilizing trigger alerts has shown promise 
as a viable preventative strategy.7–10 Trigger alerts 
are real-time notifications to healthcare providers 
resulting from logic-based rules involving abnormal 
laboratory or physiologic values detected from the 
electronic medical record. Ideally to prevent ADEs, 
trigger alerts should be generated from abnormal 
values preceding patient injury also known as drug-
related hazardous conditions (DRHCs).11,12 Real-
time trigger alerts may allow for clinician 
intervention, thereby minimizing the severity of 
drug-induced injury or avoid ADEs altogether.5

Few studies have evaluated the impact of phar-
macists utilizing trigger alerts to prevent ADEs, 
especially in an ICU setting.13–15 Pharmacists 
incorporating this strategy into their patient care 
responsibilities demonstrated improved patient 
safety with a high degree of intervention recom-
mendations accepted by the provider.13–15 Only 
one study compared the performance of auto-
mated trigger alerts between ICU and general 
ward patient populations.13 Pharmacists inter-
vened more frequently on trigger alerts in the 
general ward than for critically ill patients, 
although physician acceptance rates of drug ther-
apy recommendation changes were exceedingly 
high in both of these patient care areas.13 
Moreover, the positive predictive value (PPV) of 
alerts associated with a DRHC were higher in 

general ward patients compared with those in the 
ICU (0.76 versus 0.66, respectively).13 These 
findings suggest trigger alerts performed better in 
non-ICU patients. A limitation of this study was 
that only 20% of all trigger alerts evaluated 
involved drug-induced laboratory abnormalities, 
thereby identifying a DRHC. Furthermore, for 
those alerts that were related to DRHCs in the 
previous study, the overall sample was low and 
not the primary focus of the investigation. In 
other words, the vast majority of triggers were 
designed for detection and not in a manner to 
notify the pharmacist of impending injury. The 
previously reported performance values do not 
reflect the trigger alert performance for preven-
tion. Therefore, the purpose of this study was to 
address this gap and evaluate the performance of 
trigger alerts involving laboratory abnormalities 
to identify DRHCs and prevent ADEs between 
ICU and general ward patients.

Methods

Patients and study design
This was a retrospective, observational study con-
ducted at a major academic medical center over a 
1-year period (from 1 January 2015 to 31 
December 2015) after Institutional Review Board 
approval. Banner University Medical Center 
Phoenix is a 733-bed quaternary care center 
including 88 adult ICU beds with 38,417 total 
adult admissions consisting of 196,968 total adult 
patient days during 2015. Our previous work was 
used to identify 20 unique triggers at our institu-
tion that identified DRHCs being drug associated 
laboratory abnormalities and possibly preventa-
tive of ADEs (Appendix 1).13 Patients at least 18 
years of age with one or more of the 20 trigger 
alerts associated with abnormal laboratory values 
generated during their hospital stay were included. 
Patients were excluded if data were missing or not 
accessible in the electronic medical record. Only 
the initial unique trigger alert was evaluated in 
patients with duplicate alerts resulting from the 
same medication during the same hospital admis-
sion stay as a previously generated alert. However, 
triggers alerts associated with warfarin and inter-
national normalized ratio (INR) for the same 
patient were included for each instance generated 
on separate patient hospital days.

Patients were identified through the electronic 
medical record database. A pharmacist (JRR) not 
involved with the care of these patients investigated 

https://journals.sagepub.com/home/taw


MS Buckley, JR Rasmussen et al.

journals.sagepub.com/home/taw	 209

all trigger alert data from a centralized database. 
Pertinent demographic and clinical data were col-
lected, including age, sex, comorbidities, specific 
trigger alert generated and patient location (ICU or 
general ward) at time of alert, identification of 
DRHCs and ADEs, severity (only for DRHCs 
identified) as well as the rate of drug therapy 
changes resulting from trigger alerts.

Trigger alerts at our institution are automated 
notifications available in both paper reports and 
electronically on a designated webpage available 
within the hospital. These notifications were ini-
tially developed as proprietary clinical decision 
support software (Discern Expert Rules, Cerner 
Corp, Kansas City, MO, USA). However, trigger 
alerts are modified at our institution based on 
their unique needs by adding, removing, or 
changing the logic-based criteria for each alert. 
All trigger alerts are generated in real time when 
an identified medication is present in conjunction 
with a specified laboratory abnormality exceeding 
an established threshold of either an absolute 
value (i.e. higher or lower than the normal range) 
or the rate of change between the current and 
previously reported laboratory value. For exam-
ple, one logic-based rule involves warfarin and 
the INR. A trigger alert would be produced if the 
patient has an active order for warfarin on the 
medication administration record and the INR 
either increased by more than 0.5 from the previ-
ous INR to the most current value or the reported 
INR value was over 4.0, irrespective of the degree 
of change from the previous value. It should be 
noted, false-positive alerts for a possible DRHC 
or ADE may be the result of other causes such as 
disease-related issues (e.g. end-stage liver dis-
ease). Therefore, a manual chart review resultant 
to the trigger alert was required to establish if the 
laboratory abnormality was drug induced or 
attributed to nondrug-related causes.

Definitions
Causality assessment and severity for drug-induced 
laboratory abnormalities with or without harm 
experience by the patient (i.e. DRHCs and ADEs) 
were evaluated using a standardized approach as 
previously described.13,16–18 The pharmacist con-
ducting the data collection determined the proba-
bility of the event identified by the trigger alert to be 
drug related and excluding nondrug causes by 
using three validated tools.19–21 This approach was 
used to determine causality for possible DRHCs 
(i.e. laboratory abnormality was drug induced with 

the potential for harm without any organ injury 
transpiring at the point of evaluation) and resultant 
ADEs (i.e. injury defined as the presence of drug-
induced organ injury).11 The pharmacist classified 
all trigger alerts as DRHCs if two of the three 
instruments concluded the probability of a drug-
related laboratory abnormality was ‘possible’, 
‘probable’, or ‘definite’. The pharmacist reviewed 
the patient chart for all identified DRHCs for the 
presence of related ADEs. Potential adverse out-
comes included bleeding (any type or severity), 
pancreatitis, arrhythmia, neutropenia, acute hepatic 
failure, acute renal failure, acidosis, altered mental 
status, nausea/vomiting, nystagmus, ataxia, coma, 
respiratory depression, seizures, and death. The 
pharmacist used the same validated tools, causality 
assessment and agreement between instruments to 
identify if the adverse outcome was an ADE.

Severity of harm was evaluated for all DRHCs using 
a standardized classification system based on the 
National Cancer Institute’s Common Terminology 
Criteria for Adverse Events (NCI CTCAE).22 This 
classification system uses a five-point numeric scale 
from ‘1’ (mild) to ‘5’ (death). The NCI CTCAE 
scale is based on predefined laboratory serum con-
centration ranges to categorize corresponding sever-
ity. Unfortunately, the NCI CTCAE does not 
classify phenytoin and digoxin serum concentra-
tions. Therefore, the investigators established sever-
ity criteria for both of these agents. Severity was 
considered ‘mild’, ‘moderate’, or ‘severe’ for corre-
sponding serum total phenytoin concentrations of 
20–30, 31–39, and over 40 μg/ml, respectively. 
Digoxin serum concentrations in the ranges of 2.1–
3.0, 3.1–4.0, and over 4.0 ng/ml were considered 
‘mild’, ‘moderate’, and ‘severe’, respectively. For 
comparison purposes, the NCI CTCAE numeric 
scale (1–5) was categorized into the corresponding 
degree of severity as follows: ‘mild’, ‘moderate’, 
‘severe’, ‘life threatening’, and ‘fatal’.

Study endpoints and analysis
The primary endpoint was the PPV of trigger 
alerts involving laboratory abnormalities identify-
ing DRHCs in the ICU versus the general ward 
overall and for each unique trigger alert in identi-
fying DRHCs. Secondary analyses evaluated 
severity of harm associated with DRHCs and 
ADE rates between ICU and non-ICU patients. 
The PPV for each trigger alert identifying a 
DRHC was calculated by dividing the rate of true-
positive trigger alerts generated (i.e. the trigger 
accurately identified the drug-induced laboratory 
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abnormality) by the sum of both true- and false-
positive alerts (i.e. total number of alerts produced 
that were drug related or not). The DRHC and 
ADE rates (events per 1000 patient days and 
events per 1000 admissions) were calculated by 
the number of events detected divided by the total 
number of patient days or admissions recorded 
during the study period (i.e. calendar year 2015) 
and multiplying by 1000. The DRHC and ADE 
rates in the ICU and general ward were calculated 
by the same process previously mentioned but 
dividing the number of events by the patient days 
and admissions recorded in the ICU and general 
ward during the study period and multiplying by 
1000.

A 12-month study period was estimated to pro-
vide an adequate sample size, being a conveni-
ence sample of over 500 alerts for the 20 unique 
trigger alerts based on a previously published 
study.13 This approach for study sample size and 
time period estimation is also supported by 
another report.23 Statistical analyses were per-
formed using GraphPad Prism version 7.0b for 
Windows (GraphPad Software, Inc., La Jolla, 
CA, USA, 2016). χ2 or Fisher’s exact test was 
used for categorical variables and student t test 
for continuous data. A comparison of DRHC and 
ADE rates was completed with a two-sample test 
for binomial proportions. A p value of less than 
0.05 was considered statistically significant.

Results
A total of 870 trigger alerts in 634 unique patients 
were generated during the study period from 20 
logic-based rules (Appendix 1). The majority of 
trigger alerts occurred on the general ward floors 
(59.8%) compared with ICUs (40.2%) (Table 1). 
The overall distribution of 11 (55%) of the 20 
unique trigger alerts evaluated were similar 
between ICU and general ward patients (Table 
2). However, five (25%) unique trigger alerts were 
significantly more frequent in the ICU, while four 
(20%) alerts were significantly more common in 
the general ward population (Table 2).

The PPV for all 20 trigger alerts in identifying 
DRHCs was 0.29, with the general ward per-
forming better than the ICU (0.31 versus 0.25, 
respectively, p = 0.03). The vast majority (90%) 
of all laboratory abnormality trigger alerts were 
associated with PPVs less than 0.50 (Table 3). 
Only two alerts (supratherapeutic INR resulting 
from drug–drug interaction with warfarin and 

supratherapeutic digoxin serum concentrations) 
were associated with a PPV greater than 0.75, 
while five trigger alerts were all false positives 
(PPV = 0.00) in identifying a DRHC. Although 
the trigger designed to identify heparin-induced 
thrombocytopenia (HIT) was the most frequently 
generated alert overall as well as in the ICU and 
general ward areas, it resulted in very low perfor-
mance for identifying HIT (PPV = 0.16).

The rate (events per 1000 patient days) of 
DRHCs and ADEs in the ICU were over 8- and 
20-fold higher, respectively, than the general 
ward (Table 4). About 78% of all DRHCs were 
deemed as mild or moderate in severity, which 
was found predominately in the general ward 
population (Figure 1). The overall rate of serious 
and life-threatening DRHCs in both ICU and 
general ward groups were 46 and 9 events, respec-
tively. However, the ICU group experienced sig-
nificantly higher rates of severe (n = 28) and 
life-threatening (n = 7) DRHCs compared with 
the general ward group (total severe and life-
threatening DRHCs, 39.8% versus 12.4%, respec-
tively, p < 0.001). No patients were determined 
to have been exposed to a fatal DRHC. Drug 
therapy was either modified or discontinued in 
most patients (74%) as a result of trigger alerts 
accurately identifying DRHCs. The overall rate 
of ADEs observed was low, with the more com-
mon events involving acute renal failure, bleed-
ing, acute hepatic failure, and arrhythmias.

Discussion
The aim of this retrospective study was to describe 
the performance of alerts that identified DRHCs 
and compare the performance between critically 
ill and general ward patients. The overall perfor-
mance of all laboratory abnormality trigger alerts 
was low with only about 30% accurately identify-
ing DRHCs. Trigger alerts generated in ICU 
patients performed slightly worse than the general 
ward. However, trigger alerts in the critically ill 
population identified more DRHCs associated 
with severe and life-threatening DRHCs than 
general ward patients. Our study suggests trigger 
alerts show promise as an ADE prevention strat-
egy in the ICU and general ward; however, the 
overall utility of these alerts for detecting drug-
induced lab abnormalities prior to an ADE tran-
spiring needs improvement in both patient care 
settings. Poor performance may result in clinician 
alert fatigue, which is counterproductive to the 
purpose of the technology and may negatively 
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Table 1.  Trigger alert and patient characteristics.*

Variable General ward ICU p value

Total unique patients, n 395 239 –

Total trigger alerts, n 520 350 –

Male, n (%) 211 (53.4%) 138 (57.7%) 0.051

Mean age, years (SD) 60.4 ± 17.2 58.7 ± 15.1 0.861

Median (IQR) length of hospital stay, days 10 (5, 20) 15 (7, 25) 0.001

Median (IQR) days after hospital admission trigger alert generated 5 (2, 10) 5 (2, 10) 0.294

*The number of admissions and patient days reported during the study period.
ICU, intensive care unit; IQR, interquartile range; SD, standard deviation.

Table 2.  Trigger alert distribution in general ward and ICU patients.*

Trigger alert General ward  
(n = 520)

ICU (n = 350) Total (n = 870) p value$

Thrombocytopenia (heparin or LMWH) 106 (20.4%) 134 (38.2%) 240 (27.6%) <0.001

Supratherapeutic INR (warfarin and DDI) 87 (16.8%) 19 (5.4%) 106 (12.2%) <0.001

Nephrotoxicity 50 (9.6%) 54 (15.4%) 104 (12.0%) 0.011

Hepatotoxicity 36 (6.9%) 32 (9.1%) 68 (7.8%) 0.248

Rapid INR increase (warfarin dose change) 55 (10.6%) 5 (1.4%) 60 (6.9%) <0.001

Rapid INR increase (new warfarin start) 48 (9.2%) 4 (1.1%) 52 (6.0%) <0.001

Supratherapeutic phenytoin serum concentration 29 (5.6%) 14 (4.0%) 43 (4.9%) 0.340

Hyperkalemia 17 (3.3%) 21 (6.0%) 38 (4.4%) 0.065

Thrombocytopenia (nonspecific) 12 (2.3%) 26 (7.4%) 38 (4.4%) <0.001

Hyperkalemia 15 (2.9%) 8 (2.3%) 23 (2.6%) 0.670

Neutropenia 14 (2.7%) 1 (0.3%) 15 (1.7%) 0.007

Metabolic acidosis (nonspecific) 4 (0.8%) 10 (2.8%) 14 (1.6%) 0.025

Pancreatitis 11 (2.1%) 3 (0.9%) 14 (1.6%) 0.178

Supratherapeutic digoxin serum concentration 11 (2.1%) 2 (0.6%) 13 (1.5%) 0.087

Metabolic acidosis (topiramate) 8 (1.5%) 4 (1.1%) 12 (1.4%) 0.771

Hypertriglyceridemia (propofol) 1 (0.2%) 10 (2.8%) 11 (1.3%) 0.007

Hyponatremia 6 (1.2%) 1 (0.3%) 7 (0.8%) 0.252

Positive antinuclear antibody test (i.e. lupus) 6 (1.2%) 1 (0.3%) 7 (0.8%) 0.252

Metabolic acidosis (zonisamide) 2 (0.4%) 1 (0.3%) 3 (0.3%) NS

Thrombocytopenia (fondaparinux) 1 (0.2%) 1 (0.3%) 2 (0.2%) NS

*Data presented as n (%).
$χ2 or Fisher’s exact test comparing distribution of trigger alerts between the general ward and ICU groups.
DDI, drug–drug interaction; ICU, intensive care unit; INR, international normalized ratio; LMWH, low molecular weight heparin; NS, not significant.

impact the provider on taking appropriate action 
to prevent a potential ADE.24 The clinical signifi-
cance of this study highlights the importance of 
continuous re-evaluation of the logic-based crite-
ria of trigger alerts to optimize performance and 
minimize the risk of alert fatigue.

Critically ill patients remain a ‘high-risk’ popula-
tion vulnerable to experiencing actual and poten-
tial ADEs.4 Cullen and colleagues published the 
landmark trial comparing the rate of preventable 
and potential ADEs among 5 ICUs and 11 gen-
eral ward units in two tertiary care hospitals.3 The 
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combined preventable and potential ADE rate in 
the ICU was twofold higher in the ICU compared 
with the general ward (19 versus 10 ADEs per 
1000 patient days, respectively). Furthermore, 
not accounting for potential ADEs, the actual 
ADE rate remained twice as high in the ICU 
patients over the non-critically ill (5.2 versus 2.6 
ADEs per 1000 patient days, respectively). Our 
study found the ADE rate was significantly higher 
in the ICU population compared with the general 
ward (2.3 versus 0.11 ADEs per 1000 patient 
days, respectively). Also, DRHCs were almost 
seven times higher in the critically ill over non-
ICU patients (7.5 versus 0.9 events per 1000 
patient days, respectively). Cullen and colleagues 
and our current study both suggest the critically 
ill population is at a higher risk of experiencing 
drug-related events.

Few studies have evaluated the performance of 
trigger alerts using abnormal laboratory data to 

identify DRHCs.13,17 A subgroup analysis from 
our previous report of the same abnormal labora-
tory trigger alerts used in this current study 
showed acceptable rates of identifying DRHCs in 
both the ICU and general ward populations (PPV 
0.66 and 0.76, respectively).13 This is in stark 
contrast to our current study results, which 
showed worse performance in detecting DRHCs 
for the ICU and non-ICU patients (PPV 0.25 ver-
sus 0.31, respectively). However, both studies 
corroborated trigger alert performance associated 
with drug-induced laboratory abnormalities was 
better in general ward patients compared with the 
critically ill. No changes to the logic-based rule 
criteria in these trigger alerts were made between 
evaluation periods. Although our current study 
evaluated the same trigger alerts to identify 
DRHCs, there were some slight differences in the 
study design that may explain our discordant 
results evaluating trigger alert performance. Our 
previous study only evaluated 161 trigger alerts 

Table 3.  Positive predictive values for identifying drug-related hazardous conditions.*

Trigger alert General ward 
PPV (n)

ICU PPV (n) Total PPV (n) p value

Supratherapeutic INR (warfarin and DDI) 0.80 (87) 0.89 (19) 0.82 (106) 0.51

Supratherapeutic digoxin serum concentration 0.73 (11) 1.00 (2) 0.77 (13) 0.99

Hypertriglyceridemia (propofol) 1.0 (1) 0.40 (10) 0.45 (11) 0.36

Hyperkalemia (ACE-I/ARB) 0.40 (15) 0.50 (8) 0.43 (23) 0.69

Rapid INR increase (new warfarin start) 0.40 (48) 0.75 (4) 0.42 (52) 0.30

Hyperkalemia (nonspecific) 0.47 (17) 0.33 (21) 0.39 (38) 0.51

Rapid INR increase (warfarin dose change) 0.29 (55) 0.60 (5) 0.32 (60) 0.31

Nephrotoxicity 0.20 (50) 0.20 (54) 0.20 (104) 0.99

Hepatotoxicity 0.08 (36) 0.25 (32) 0.16 (68) 0.74

Thrombocytopenia (heparin or LMWH) 0.12 (106) 0.16 (134) 0.15 (240) 0.54

Pancreatitis 0.18 (11) 0.00 (3) 0.14 (14) 0.99

Supratherapeutic phenytoin serum concentration 0.10 (29) 0.21 (14) 0.14 (43) 0.37

Thrombocytopenia (nonspecific) 0.00 (12) 0.15 (26) 0.11 (38) 0.28

Neutropenia 0.07 (14) 0.00 (1) 0.07 (15) 0.99

Positive antinuclear antibody test (i.e. lupus) 0.00 (6) 0.00 (1) 0.00 (7) N/A

Metabolic acidosis (nonspecific) 0.00 (4) 0.00 (10) 0.00 (14) N/A

Metabolic acidosis (topiramate) 0.00 (8) 0.00 (4) 0.00 (12) N/A

Hyponatremia 0.00 (6) 0.00 (1) 0.00 (7) N/A

Metabolic acidosis (zonisamide) 0.00 (2) 0.00 (1) 0.00 (3) N/A

Thrombocytopenia (fondaparinux) 0.00 (1) 0.00 (1) 0.00 (2) N/A

*Data presented as the positive predictive value (PPV) of the total number of alerts generated (n) in the general ward, ICU and total. p value 
represents comparison between ICU and general ward
ACE-I, angiotensin-converting-enzyme inhibitor I; ARB, angiotensin II receptor antagonist; DDI, drug–drug interaction; ICU, intensive care unit; 
INR, international normalized ratio; LMWH, low molecular weight heparin; N/A, not applicable.
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associated with laboratory abnormalities over 
two, non-consecutive months, while this analysis 
provides a more robust assessment on DRHC 
recognition performance with a higher number 
alerts (n = 870) being evaluated over a longer 
period of time. DiPoto and colleagues included 
trigger alerts from three distinct hospitals (large, 
academic medical center, small community hos-
pital, and rural facility) within the same health 
system, while the current study was only con-
ducted at the large, academic medical center.13 
The patient populations in the previous report 
may have contributed to differences in perfor-
mance due to more stable, hospitalized patients 
in the small, less acute hospitals. Another major 
difference between these reports was the DRHC 
assessment was conducted by different study 
investigators. This may have contributed to dif-
ferences in interpretation of DRHCs despite 
using validated tools. Furthermore, another study 
also showed a higher overall PPV of 0.44 (0.38–
0.50) for abnormal laboratory trigger alerts in the 
medical ICU compared with the overall ICU 
PPV of 0.25 in our study.17 Unfortunately, sev-
eral major differences between our studies make 
comparisons challenging. Kane-Gill and col-
leagues evaluated 253 trigger alerts over a 6-week 
period with the analysis only containing five 
potential drug-induced laboratory abnormalities 
(e.g. elevated blood urea nitrogen, hypoglycemia, 
hyponatremia, elevated quinidine and vancomy-
cin serum concentrations), although only four 
alerts were analyzed.17 This was a much narrower 
focus on a few trigger alerts compared with the 20 

alerts we evaluated. Also, patient populations 
between their hospital and our institution may 
have been significantly different. Unfortunately, 
the investigators did not disclose the exact logic-
based rule criteria used in their trigger alerts.

Potential drug-induced thrombocytopenia was 
the most common trigger alert generated overall 
(32.2%), with potential HIT alerts comprising 
the majority of these (27.6%). Unfortunately, 
these alerts resulted in very poor performance in 
the ICU (PPV = 0.16) and general ward (PPV = 
0.12) populations. Kane-Gill and colleagues 
observed thrombocytopenia as the most common 
abnormal laboratory condition as well from ran-
dom chart reviews in ICU patients.11 Although 
their detection method differed from ours, the 
rate of thrombocytopenia DRHCs (i.e. drug 
induced) identified in their study was also very 
low (1.4%), suggesting nondrug-related causes 
were more common in ICU patients. Harinstein 
and colleagues investigated the performance of 
three distinct trigger alerts with different criteria 
for thrombocytopenia in an ICU population.18 
The PPV associated with these trigger alerts was 
significantly higher (PPV range = 0.36–0.83) 
than our findings. Although heparin was one of 
the most common medications associated with 
these alerts, the investigators did not report PPVs 
specific to heparin. Nonetheless, the difference in 
performance between our results and theirs may 
have been attributed to the logic-based criteria 
incorporated within the trigger alert rule. Drug-
induced thrombocytopenia trigger alerts with the 

Table 4.  Drug-related hazardous condition and adverse drug event rates associated with trigger alerts.

Variable General ward  
(n = 520)

ICU (n = 350) Total (n = 
870)

p value*

Total admissions, n 36,590 1827 38,417 –

Total patient days, n 185,226 11,742 196,968 –

DRHC

Incidence, n (%) 161 (31.0%) 88 (25.1%) 249 (28.6%) 0.03

Events/1000 admissions 4.4 48.2 6.5 <0.0001

Events/1000 patient days 0.87 7.49 1.26 <0.0001

ADE

Incidence, n (%) 20 (3.8%) 27 (7.7%) 47 (5.4%) <0.015

Events/1000 admissions 0.5 14.8 1.2 <0.001

Events/1000 patient-days 0.11 2.30 0.24 <0.001

*p value represents comparison between ICU and general ward.
ADE, adverse drug event; DRHC, drug-related hazardous condition; ICU, intensive care unit.
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best performance in their study were based on the 
criteria of the absolute platelet count reduction by 
at least 50% from the previous to the most recent 
laboratory result (PPV = 0.83), while our criteria 
was an absolute platelet count less than 300,000 
per microliter or over 50% decrease from the pre-
vious laboratory value with an active order for 
heparin-like products (unfractionated heparin or 
low molecular weight heparin).

Trigger alerts remain a viable strategy within a 
comprehensive ADE surveillance program.5 This 
technology has demonstrated advantages over 
other ADE detection methods and the American 
College of Critical Care Medicine has endorsed 
its use in their clinical practice guidelines.25 More 
importantly, the application of trigger alerts 
within clinical decision support systems appears 
promising as an effective approach to prevent 
ADEs.6,13–15 Ideally, trigger alerts should identify 
DRHCs before the occurrence of any deleterious 
outcomes transpire so the healthcare provider has 
an opportunity to intervene. Using only absolute 
laboratory threshold values in trigger alerts with-
out incorporating the magnitude of change from 
one laboratory value to the next may lead to lim-
ited success in preventing ADEs. For example, a 
patient initiated on an appropriate warfarin dos-
ing regimen who experiences an increase in the 
INR from 0.8 to 2.0 over 24 h may not alert the 
provider if an absolute cutoff value of INR greater 
than 4 was the only criterion used in the trigger 

alert logic-based rule. However, accounting for 
the degree of change in a laboratory value would 
have notified the provider that this particular 
patient’s INR was rapidly increasing and poten-
tially at risk of having subsequent elevated INRs. 
Using trajectory analysis within the logic-based 
criteria could be useful for identifying drug-
induced issues such as thrombocytopenia, renal 
dysfunction, and dosing of anticoagulants before 
any significant injury occurs or at least provide an 
intervention opportunity to minimize the severity 
of injury that could have been realized.6 
Unfortunately, the paucity of data demonstrating 
trigger alert rule characteristics resulting in opti-
mal performance for preventing ADEs remains 
elusive.

Another challenge facing healthcare providers is 
the potential variability of trigger performance in 
critically ill and general ward patients. The pri-
mary focus of our research was to investigate per-
formance of laboratory abnormality trigger alerts 
between these two populations. However, our 
findings have identified an opportunity to improve 
the performance of these alerts in identifying 
DRHCs. Unfortunately, the specific changes to 
each logic-based rule needed to drastically 
improve the performance to each trigger alert 
remains questionable. Institutions evaluating 
quality improvement opportunities associated 
with trigger alert performance must also consider 
the potential severity rather than merely focusing 

Figure 1.  Severity of drug-related hazardous conditions identified by trigger alerts.
DRHC, drug-related hazardous condition; ICU, intensive care unit; NCI CTCAE, National Cancer Institute-Common 
Terminology Criteria for Adverse Events.

https://journals.sagepub.com/home/taw


MS Buckley, JR Rasmussen et al.

journals.sagepub.com/home/taw	 215

on the PPV. In other words, a trigger alert 
designed to avoid potentially fatal events may 
warrant continued use despite ‘low performance’. 
Although mediation safety teams should strive for 
effective, time-efficient prevention strategies, 
serious consideration should also involve poten-
tial negative, unintended consequences as a result 
of removing the trigger alert altogether or modifi-
cations to the logic-based criteria within the alert. 
The severity of the DRHC was assessed at the 
time of the alert and thus is not reflective of the 
pharmacists’ intervention or response to the alert. 
Further research is needed so health systems can 
adopt trigger alert best practices for optimal 
performance.

This study had several limitations that should be 
acknowledged. First, this was a single-center eval-
uation at a university hospital so the results 
observed in this study may not be applicable to 
other health-system settings. Also, the retrospec-
tive study design may have underestimated the 
true incidence of ADEs since documentation in 
the electronic medical chart was necessary to iden-
tify all ADEs. Lack of documentation in the pro-
vider progress notes may have been attributed to 
healthcare providers either not recognizing the 
adverse event was drug related or the ADEs may 
not have been deemed severe or significant enough 
to be included. Furthermore, this evaluation only 
focused on laboratory abnormality trigger alerts 
incorporated into our clinical decision support 
system so our findings may not be applicable to 
other institutions with different logic-based rule 
criteria. As such, the ability to capture all events 
related and unrelated to triggers is unachievable, 
thus not permitting the ability to calculate other 
performance measures such as sensitivity and 
specificity. PPV was used as the marker for perfor-
mance characteristic but is influenced by preva-
lence of alerts. The standardized approach of 
utilizing the NCI CTCAE criteria to stratify sever-
ity of potential harm of DRHCs associated with 
laboratory abnormalities was a strength in this 
study, but severity of harm resulting from an 
actual ADE was not assessed since it was not the 
primary focus of our investigation. Still, if evalu-
ated, the severity of an ADE may have been miti-
gated by the pharmacist’s management of the 
alert. Only one study investigator identified 
DRHCs as well as assessed severity despite using 
a validated and standardized approach. Finally, 
the distribution of alerts for each specific trigger 
and within each patient population (ICU versus 
non-ICU) significantly varied, which may limit 

our ability to make meaningful comparisons of 
performance between these study groups as well 
as develop process improvement strategies to 
improve alert performance.

Conclusion
Surveillance systems utilizing real-time trigger 
alerts associated with laboratory abnormalities to 
identify DRHCs may be a viable ADE prevention 
strategy. Overall, most trigger alerts were associ-
ated with a low PPV in identifying DRHCs with 
slightly better performance in the general ward 
compared with the ICU patient population. Poor 
trigger alert performance in identifying drug-
induced events may contribute to alert fatigue. 
Logic-based rule criteria associated with trigger 
alerts should be continuously re-evaluated and 
take into consideration differences in various 
patient populations to improve performance.
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Appendix 1.  Trigger alerts associated with a high probability of a drug-induced laboratory abnormality.

Category Logic-based rule

Thrombocytopenia (heparin or LMWH) Heparin/LMWH, platelets <300, and decrease by >50%

Supratherapeutic INR (warfarin and DDI) Warfarin + interacting drug and INR >3.0

Nephrotoxicity Nephrotoxic agent, SCr >1, and >30% increase in SCr

Hepatotoxicity ALT >200 and total bilirubin >2 and potentially hepatotoxic agent

Rapid INR increase (warfarin dose change) Warfarin dose greater than or equal to the dose on previous day and INR 
increase >0.5 in 30 h

Rapid INR increase (new warfarin start) New start warfarin and INR increase >0.5 in 30 h

Supratherapeutic phenytoin serum concentration Corrected phenytoin level >20

Hyperkalemia K >6 and medication linked to hyperkalemia

Thrombocytopenia (nonspecific) Platelets <30 and medication linked with thrombocytopenia

Hyperkalemia (ACE-I or ARB) K >6 and ACE inhibitor or ARB

Neutropenia WBC <4 and medication linked with neutropenia

Metabolic acidosis (nonspecific) Anion gap >14, pH <7.33, and med linked with acidosis

Pancreatitis Amylase >199 or lipase >350 and med linked to pancreatitis

Supratherapeutic digoxin serum concentration Digoxin level >2, and either Mg <1.5 or K <3.2

Metabolic acidosis (topiramate) Topiramate and serum bicarbonate <15

Hypertriglyceridemia (propofol) Propofol and triglycerides >400

Hyponatremia Na <125 and medication linked with hyponatremia

Positive antinuclear antibody test (i.e. lupus) Positive ANA and medication linked with lupus

Metabolic acidosis (zonisamide) Zonisamide, bicarbonate <16 and anion gap <16

Thrombocytopenia (fondaparinux) Fondaparinux and platelets <100

ACE-I, angiotensin-converting-enzyme inhibitor I; ALT, alanine aminotransferase; ANA, antinuclear antibody test; ARB, angiotensin II receptor 
antagonist; DDI, drug–drug interaction; INR, international normalized ratio; K, potassium; LMWH, low molecular weight heparin; Mg, magnesium; 
Na, sodium; SCr, serum creatinine; WBC, white blood cell.
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