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Adverse events (AEs) and ad-
verse drug events (ADEs) re-
main an important concern in
the high acuity setting of the

pediatric intensive care unit. In this multi-
center study by Dr. Agarwal and co-
workers, contemporary methodology for
detecting these events is used to character-
ize AEs and ADEs in 15 pediatric intensive
care units (PICUs). Patient safety remains
an issue of national importance for hospi-
tals, regulators, insurance companies, pay-
ors, and patients (1–7). Traditional efforts
to detect AEs, including voluntary reports
(incident reports), administrative data-
bases, and unstructured chart review, each
have a role in detecting harmful events.
However, in isolation, none of these iden-
tify the number of AEs that are detected by
the trigger tool methodology (6–10). As
more hospitals integrate the tenets of high
reliability organization theory, the ability to
accurately measure AEs is a critical need
(11). The trigger tool methodology has
emerged as a practical, reliable, and effec-
tive strategy for iatrogenic AE/ADE detec-
tion (3, 5, 6, 12, 13). Triggers, defined as
“occurrences, prompts, or flags found on
review of the medical record that ‘trigger’ a
further investigation to determine the pres-
ence or absence of an AE/ADE” (5, 12),
promote a more focused and efficient chart
review and thus identify more AEs/ADEs
than previously used methods.

The PICU is a high-acuity environment
in which there is potential for a high risk of
AEs/ADEs (14). The patient population is
diverse in both diagnosis and age. A better
understanding of the types and severity of
AEs/ADEs that occur in this population
should allow more targeted safety interven-
tions to prevent such events in the future
(15, 16). To date, one single-institution

study, using a modified trigger tool in the
PICU, identified a rate of 1.95 AEs per pa-
tient and 53 AEs per 100 patient-days (14).
Because there is evidence that the risk of
AEs/ADEs is population-specific (3, 5–7, 12)
and the only prior PICU trigger tool trial
was limited to one site (14), we initiated a
multisite study to identify more compre-
hensively the epidemiology of AEs/ADEs in
the PICU population.

The aims of this study were to: 1) deter-
mine the epidemiology of AEs/ADEs, includ-
ing the rate, type, severity, and preventability
of AEs occurring in PICUs in the United
States; 2) identify specific population charac-
teristics associated with increased risk of AEs/
ADEs in the PICU; and 3) develop and test a
PICU specific trigger tool to facilitate identi-
fication of PICU AEs and ADEs.

PATIENTS AND METHODS

Design, Setting, and Patients

This was a cross-sectional, retrospective re-
view of randomly selected PICU patient charts
from 15 hospitals across the United States. In-
clusion criteria required that patients were in
the PICU for a minimum of 2 days and were
discharged, transferred out, or died in the PICU
between September 1, 2005 and December 31,
2005. Postoperative cardiac surgery patients
were excluded, because they are often cared for
in units outside of the PICU and they likely need
their own population-specific set of triggers. In-
stitutional Review Board approval was obtained
at each participating site.

Intervention

Development of PICU Trigger Tool. A
panel of eight PICU physicians (J.E.S., G.L.,
B.J.C., V.C., N.M.T., S.A.S., L.W.H., S.A.) and
two patient safety experts (P.S., D.C.) devel-

oped a comprehensive list of AEs, including
ADEs, relevant to PICU patients. This initial
list was generated by extrapolating AEs from
the neonatal intensive care unit (ICU) trig-
ger tool (6), the Pediatric ADE trigger tool
(7), the adult ICU trigger tool (3), the Insti-
tute for Healthcare Improvement ADE trig-
ger tool (5), a pilot PICU trigger list (14),
and from personal experience. An initial list
of 48 potential AEs was narrowed down to 32
high-risk or high-volume AEs, using a mod-
ified Delphi method (17). From this list, a
draft trigger tool consisting of 42 triggers
thought likely to identify these 32 AEs was
created. After pilot testing at eight sites,
using 89 charts, this list was reduced to 22
triggers after removal of triggers with a low
positive predictive value, perceived ambigu-
ity, or those resulting in inefficiencies dur-
ing the chart review process (Table 1).

Recruitment and Training. Participating
PICUs were recruited from the Pediatric
Pharmacy Advocacy Group, Glaser Pediatric
Research Network, and Child Health Corpo-
ration of America. A training process iden-
tical to that of the neonatal ICU trigger tool
study was initiated with all sites being en-
couraged to review four training charts fol-
lowed by a series of webcasts/conference
calls to ensure full understanding of the
trigger tool methodology used in the study
(6). Evidence exists that there is a high
degree of interrater reliability between re-
viewers who received similar training in the
use of trigger tools (6, 12).

Subject Selection and Definitions. The fi-
nal PICU trigger tool, an instruction manual
containing detailed definitions of triggers,
likely associated predefined AEs/ADEs and
case examples (Appendix A shows case exam-
ples; http://www.chca.com presents the full
PICU trigger instruction manual), and data
collection sheets were distributed in January
2006. Eligible subjects at each site were
included in a master list from which 50
subjects were randomly selected (18). We
defined an AE (inclusive of ADEs) as “an

Objectives: Selection of relevant patient safety interventions
for the pediatric intensive care (PICU) requires identification of the
types and severity of adverse events (AEs) and adverse drug
events (ADEs) that occur in this setting. The study’s objectives
were to: 1) determine the rates of AEs/ADEs, including types,
severity, and preventability, in PICU patients; 2) identify popula-
tion characteristics associated with increased risk of AEs/ADEs;
3) develop and test a PICU specific trigger tool to facilitate
identification of AEs/ADEs.

Design, Setting, Patients: Retrospective, cross-sectional, ran-
domized review of 734 patient records who were discharged from
15 U.S. PICUs between September and December 2005.

Intervention: A novel PICU-focused trigger tool for AE/ADE
detection.

Measurements and Results: Sixty-two percent of PICU patients
had at least one AE. A total of 1488 AEs, including 256 ADEs, were
identified. This translates to a rate of 28.6 AEs and 4.9 ADEs per

100 patient-days. The most common types of AEs were catheter
complications, uncontrolled pain, and endotracheal tube malpo-
sition. Ten percent of AEs were classified as life-threatening or
permanent; 45% were deemed preventable. Higher adjusted rates
of AEs were found in surgical patients (p � .02), patients intu-
bated at some point during their PICU stay (p � .002), and
patients who died (p < .001). Surgical patients had higher pre-
ventable adjusted AE (p � .01) and ADE rates (p � .02). The
adjusted cumulative risk of an AE per PICU day was 5.3% and
1.6% for an ADE alone. There was a 4% increase in adjusted ADEs
rates for every year increase in age.

Conclusions: AEs and ADEs occur frequently in the PICU setting.
These data provide areas of focus for evidence-based prevention
strategies to decrease the substantial risk to this vulnerable pediatric
population. (Pediatr Crit Care Med 2010; 11:568–578)

KEY WORDS: trigger; adverse events; harm; pediatric intensive
care unit; patient safety; critically ill children

569Pediatr Crit Care Med 2010 Vol. 11, No. 5



injury, large or small, caused by the use
(including nonuse) of a drug, test, or med-
ical treatment identified during the PICU
stay” (3, 5). Inherent in this definition are
the beliefs that an AE may occur despite the
correct care being given under correct cir-
cumstances and that harm should be exam-
ined from the patient’s perspective (12). For
example, if an endotracheal tube (ETT) is
found to be at the thoracic inlet (high) and
the patient requires paralysis and a repeat
chest radiograph to reposition the ETT, then
this patient has suffered a temporary AE
(malpositioned ETT), resulting in a series of
interventions to address it (repeat chest ra-
diograph, paralysis). A second example re-
flects that a peripheral intravenous catheter
placed appropriately, but which then infil-
trates after a medication infusion, may re-
sult in varying degrees of harm from the
patient’s perspective. If a peripheral intrave-
nous catheter was noted to be resistant to
flushing and then a medication, such as
sodium bicarbonate (known to cause skin
necrosis if injected in tissues), is infused
inadvertently subcutaneously resulting in
tissue necrosis, then a preventable AE would
have occurred. Similarly, an ADE was defined as
“an injury, large or small, caused by the use
(including nonuse) of a drug identified during
the PICU stay” (3, 5). The definition of “prevent-

ability” was determined by individual sites based
on local interpretations of each event but in
general was based on the premise that the AE
may have been avoidable, given the appropriate
implementation of evidence-based medicine
and/or appropriate use of available resources.

Data Collection. Chart review methodol-
ogy was identical to prior pediatric trigger
tool studies and is described elsewhere (6, 7,
12). The primary chart reviews were con-
ducted locally by nurses or PICU physicians.
Charts were reviewed for the presence or
absence of the 22 triggers and/or AEs (in-
cluding ADEs). Each identified trigger
prompted an in-depth investigation for pres-
ence or absence of associated AEs/ADEs. Af-
ter initial review by the primary chart re-
viewers, a summary of findings were
presented to the PICU physician and a phar-
macist to confirm/deny determinations of
AE classifications, occurrence, preventabil-
ity, earlier identification, more effective mit-
igation, and severity category (Table 2) (19).
In case of discrepancy, the PICU physician’s
determinations were considered final. Pa-
tient demographic data and severity of ill-
ness (using the Pediatric Multiple Organ
Dysfunction Score [P-MODS]) (20) were also
recorded. Completed de-identified data col-
lection sheets were sent to Child Health
Corporation of America for database entry.
Data were reviewed for completeness, and all
questions or discrepancies were referred to
the appropriate site for resolution. Accuracy
of data entry into the database was reviewed
for 100% of sheets submitted.

Outcomes

Primary outcomes included: 1) AE/ADE
rates per 100 patient-days and per patient; and
2) type and severity level of AEs/ADEs. Sec-
ondary outcomes included: 1) preventable AE/
ADE rates per 100 patient-days and per pa-
tient; 2) cumulative risk of AEs/ADEs per

additional PICU day; and 3) the percentage of
AEs that were associated with a hospital inci-
dent report. Hospital demographics and trig-
ger tool characteristics, such as positive pre-
dictive value of PICU trigger list (defined as
the number of times a trigger independently
identified an AE divided by the total number of
times triggers were identified) and mean time
for chart review, were collected.

Statistical Analysis

Predictors of AEs/ADEs per 100 patient-
days were identified, using univariate and
multivariate Poisson regression; variability in
length of stay was accounted for by using an
offset term equal to the logarithm of the fol-
low-up times (21). Variables included in the
multivariate analyses were gender, age (0–29
days, 30 –364 days, 1–5 yrs, 6 –12 yrs, �13
yrs), length of stay (2 days, 3 or 4 days, 5– 8
days, 9 –15 days, �15 days), intubation at
any time during PICU stay, mortality, ad-
mission service type (medical or surgical),
and P-MODS. To allow for possible overdis-
persion that might violate the restrictive
assumptions of the Poisson distribution,
negative binomial regression was used when
necessary. Preventable AE/ADE rates were
examined similarly. Expected increase in
number of AEs/ADEs was estimated with
Poisson regression for count data. Sensitiv-
ity analyses were done to examine robust-
ness of the results to patients with �5 AEs.
All statistical analysis was performed using
SAS version 9.1 (SAS Institute, Cary, NC).

RESULTS

Aggregate Data

A total of 1488 AEs, including 256
ADEs (17.2% of total AEs), were identi-
fied in 734 patient medical records from
15 PICUs across the United States. At
least one AE was found in 454 (62%)
subjects. Study population demograph-
ics are listed in Table 3. A total of 2816
triggers were detected, resulting in
identification of 1250 (84%) of the total
AEs found. The positive predictive value
of the aggregate PICU trigger list was
0.44 (range, 0.2–1.25). The mean time
for chart reviews was 24.7 mins per
reviewer. Only 4% of AEs had an asso-
ciated incident report filed, a low per-
centage consistent with previous trig-
ger tool studies (6, 9).

AE Characteristics (Inclusive of
ADEs)

The most common AEs were catheter
complication, uncontrolled pain, and

Table 1. Triggers used to identify adverse events

T1 Death
T2 Called code or arrest
T3 Catheter complication (change, removal,

or infiltration)
T4 Decubitus ulcer (pressure sores)
T5 Oversedation
T6 Hypotension
T7 Chest radiograph with pulmonary edema,

pleural effusion, or pneumothorax
T8 Abrupt decrease of �25% in hemoglobin

or hematocrit
T9 INR �4, PTT �100, or ACT �180

T10 Intubation/reintubation
T11 Order to “pull back or push in ETT” or chest

radiograph with mainstem intubation
T12 Infection of any kind occurring �3 days

after admission
T13 Elevated pain score (�6 of 10)
T14 Readmission to PICU within 48 hrs of

transfer/discharge
T15 Rising BUN or Cr greater than two times

baseline
T16 Unplanned return to surgery
T17 Narcan (naloxone) administration
T18 Insulin treatment
T19 Racemic epinephrine (Vaponephrine)

administration
T20 Diphenhydramine (Benadryl) administration
T21 Laxatives or stool softeners
T22 Methadone administration

INR, international normalized ratio; PTT, par-
tial thromboplastin time; ACT, activated clotting time;
ETT, endotracheal tube; PICU, pediatric intensive care
unit; BUN, blood urea nitrogen; Cr, creatinine.

Table 2. Severity categories of adverse events
based on the system used for classifying medica-
tion errors by the National Coordinating Council
for Medication Error Reporting and Prevention
(Categories E through I) (18)

Category E: Contributed to or resulted in
temporary harm to the
patient and required
intervention

Category F: Contributed to or resulted in
temporary harm to the
patient and required initial or
prolonged hospitalization

Category G: Contributed to or resulted in
permanent patient harm

Category H: Required intervention to sustain
life

Category I: Contributed to or resulted in
the patient’s death
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ETT malposition for which the percent-
age deemed preventable ranged from
48.6% to 82.2% (Table 4). Of all AEs, 27%
were classified as worse than category E
(“contributed to or resulted in temporary
harm to the patient and required inter-
vention”), with 151 (10%) events classi-
fied as category G (“contributed to or
resulted in permanent patient harm”) or
greater (Figs. 1 and 2). In the subset of
ADEs, none were classified as category I
(“contributed to or resulted in the pa-
tient’s death”). Of all AEs, 45% were
deemed preventable, 20% could have
been identified earlier, and 22% could
have been mitigated more effectively.
Eighty-seven percent of the inciting
events for the AE occurred in the PICU,
9% occurred in the hospital but outside
of the PICU, and 3% occurred outside the
hospital.

Detailed Data

Adverse Events

Table 5 shows detailed data on the
total crude AE rates and frequencies in
subpopulations. Overall, the mean AE
rate was 28.6 events per 100 patient-
days. Surgical patients, intubated pa-
tients, deceased patients, and patients
with P-MODS between 9 and 12 experi-

enced higher rates of AEs per 100 pa-
tient-days.

In a multivariate negative binomial re-
gression model, significant predictors for
AEs were surgical patients (p � .02), de-
ceased patients (p � .0001), and patients
intubated at any time during the PICU
stay (p � .002) (Table 6). Specifically, the
expected number of AEs per 100 patient-
days is 1.2 times higher for a surgical
than for a medical patient, 0.5 times

Table 4. List of adverse events with frequency

Adverse Event

Total
(n � 1488)

n (%)

Preventable
Adverse Event

(n � 683) n (%)

Catheter complication (includes peripheral intravenous
infiltration as well as central catheter complications,
such as catheter malfunction, clot, or breakage
requiring change or removal)

208 (14.0) 101 (48.6)

Uncontrolled pain (elevated pain score of �6 on a
scale of 0–10 for 2 consecutive hrs)

146 (9.8) 120 (82.2)

Endotracheal tube malposition requiring repositioning
(from endotracheal tube being too high or too low)

103 (6.9) 69 (67.0)

Nosocomial infection (catheter-associated, Clostridium
difficile, ventilator-associated pneumonia, catheter-
related urinary tract infection, or inadequately
treated infection)

98 (6.6) 58 (59.2)

Hypotension associated with therapy 85 (5.7) 30 (35.3)
Constipation (narcotics, dehydration) 83 (5.6) 41 (49.4)
Fluid overload (pulmonary edema) 75 (5.0) 13 (17.3)
Postextubation stridor 69 (4.6) 20 (29)
Unplanned intubation/accidental extubation 66 (4.4) 46 (69.7)
Hemorrhage/bleeding 50 (3.4) 10 (20.0)
Skin problem, such as burn, blister, breakdown 45 (3.0) 25 (55.6)
Hypoglycemia/prolonged hyperglycemia 42 (2.8) 13 (31.0)
Pruritis 42 (2.8) 8 (19.0)
Cardiac or respiratory arrest 31 (2.1) 5 (16.1)
Renal dysfunction 28 (1.9) 8 (28.6)
Readmission to pediatric intensive care unit within

48 hrs
26 (1.7) 12 (46.2)

Pneumothorax 25 (1.7) 9 (36.0)
Withdrawal symptoms 24 (1.6) 12 (50.0)
Return to surgery 22 (1.5) 3 (13.6)
Electrolyte abnormality (other than hyperkalemia) 17 (1.1) 3 (17.6)
Oversedation 17 (1.1) 13 (76.5)
Decubitus ulcers 16 (1.1) 12 (75.0)
Rash 16 (1.1) 3 (18.8)
Reintubation within 24 hrs of extubation 16 (1.1) 4 (25.0)
Tube (i.e. Foley, chest tube, external ventricular drain)

complication
16 (1.1) 8 (50.0)

Seizures (new since admission) 14 (0.9) 1 (7.1)
Arrhythmia requiring treatment 13 (0.9) 4 (30.8)
Cardiac depression/compromise 10 (0.7) 1 (10.0)
Agitation/delirium 9 (0.6) 2 (22.2)
Allergic reaction 9 (0.6) 1 (11.1)
Hyperkalemia requiring treatment 7 (0.5) 1 (14.3)
Respiratory depression/compromise 7 (0.5) 2 (28.6)
Central nervous system bleed (not on admit) 5 (0.3) 2 (40.0)
Acid base imbalance 4 (0.3) 0 (0)
Anemia unspecified 4 (0.3) 1 (25.0)
Deep vein thrombosis 3 (0.2) 0 (0)
Dehydration 3 (0.2) 2 (66.7)
Neurologic complication 3 (0.2) 2 (66.7)
Surgical complication 3 (0.2) 2 (66.7)
Other 28 (1.9) 8 (16)

Table 3. Study population demographics and
hospital characteristics

Study Population
Demographics (734 Total

Patients)

Length of stay, days,
mean (range)

7.1 (1–170)

Age, yrs, mean (range) 6.3 (� 1–34)
Female, n (%) 308 (42%)
Male, n (%) 426 (58%)
Medical admission, n (%) 501 (68.3%)
Surgical admission, n (%) 233 (31.7%)
Hospital characteristics

(15 total hospitals)
Staffed PICU beds per

site, mean (range)
25.5 (9–65)

Hospital days per site,
mean (range)

5098.5 (705–9237)

PICU days per site,
mean (range)a

346.7 (167–601)

Freestanding Children’s
Hospital, n (%)

12 (80%)

Teaching, n (%) 13 (86.7%)
Care for transplant

patients
Renal, n (%) 12 (80%)
Liver, n (%) 8 (53.3%)
Cardiac, n (%) 10 (66.7%)
Lung, n (%) 4 (26.7%)
Bowel, n (%) 2 (13.3%)

Provide postoperative care of
cardiothoracic surgery
patients, n (%)

10 (66.7%)

Provide extracorporeal
mechanical
oxygenation, n (%)

11 (73.3%)

Provide routine infection
control, n (%)

14 (93.3%)

PICU, pediatric intensive care unit.
aTotal PICU days � 5201 days.
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Figure 1. Adverse events stratified by severity. Severity categories are found in Table 2 (18).

Figure 2. Adverse drug events stratified by severity. Severity categories are found in Table 2 (18).
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Table 5. Crude adverse event rate in subpopulations (including adverse drug events)

Population
Number of

Patients
AEs per 100
Patient Days pa

Preventable AEs per
100 Patient Days pa

AEs per Patient
Mean (Range)

Preventable AEs per
Patient Mean (Range)

All
Total 734 28.6 13.0 2.0 (0–34) 0.9 (0–20)

Gender
Female 308 29.9 REF 14.4 REF 2.2 (0–34) 1.0 (0–20)
Male 426 27.6 .94 12.0 .29 1.9 (0–21) 0.8 (0–20)

Patient type
Medical 501 27.2 REF 11.8 REF 2.0 (0–21) 0.8 (0–20)
Surgical 233 31.8 .10 15.8 .04 2.2 (0–34) 1.1 (0–20)

Age
0–29 days 24 21.5 .04 14.8 .56 2.4 (0–13) 1.7 (0–13)
30–364 days 171 33.8 .41 16.4 .56 2.6 (0–34) 1.3 (0–20)
1–5 years 208 26.8 REFb 12.6 REFb 2.0 (0–18) 1.0 (0–13)
6–12 years 161 26.6 .10 9.9 .04 1.7 (0–21) 0.6 (0–18)
�13 yrs 170 28.5 .38 11.6 .27 1.7 (0–12) 0.7 (0–6)

Length of stay
2 days 149 26.5 REF 15.6 REF 0.5 (0–9) 0.3 (0–7)
3 or 4 days 257 30.9 .31 13.3 .46 1.1 (0–9) 0.5 (0–5)
5–8 days 168 32.0 .18 14.7 .84 2.0 (0–16) 0.9 (0–14)
9–15 days 93 31.5 .28 13.2 .53 3.5 (0–14) 1.5 (0–8)
�15 days 67 24.6 .71 11.5 .41 7.2 (0–34) 3.4 (0–20)

Mortality
Deceased 34 43.2 REF 16.5 REF 4.9 (1–17) 1.9 (0–14)
Living 700 27.4 �0.001 12.7 .03 1.9 (0–34) 0.9 (0–20)

Intubation status
No 399 24.6 REF 12.2 REF 1.0 (0–16) 0.5 (0–14)
Yes 335 30.5 �0.001 13.4 .23 3.2 (0–34) 1.4 (0–20)

Pediatric multiple
organ dysfunction
score

0 357 28.0 REF 13.6 REF 1.2 (0–14) 0.6 (0–14)
1–4 306 25.8 .83 11.8 .42 2.1 (0–20) 1.0 (0–20)
5–8 48 32.1 .08 10.7 .99 3.7 (0–13) 1.2 (0–7)
9–12 20 39.0 .01 19.3 .08 10.3 (0–34) 5.1 (0–20)
13–16 3 38.0 .37 9.9 .45 9.0 (7–11) 2.3 (0–6)
17–20 0 — — —

AEs, adverse events; REF, reference group; —, no data available.
aUnivariate negative binomial generalized linear models used to compare adverse event rates; bthe age group with the most number of patients was

chosen as the reference group.

Table 6. Adjusted multivariate analysis of adverse event, adverse drug event, and death rates per 100 patient days in subpopulationsa

AE Rates ADE Rates
Preventable

AE Rates
Preventable
ADE Rates Death Rate

� e� p � e� p � e� p � e� p � e� p

Gender
Female 0 1.00 0 1.00 0 1.00 0 1.00 0 1.00
Male �0.02 0.98 .82 �0.05 0.95 .71 �0.16 0.85 .23 �0.06 0.94 .73 0.52 1.69 .17

Age in years �0.01 0.99 .18 0.04 1.04 �.001 �0.02 0.98 .05 0.02 1.02 .19 0.01 1.01 0.69
Patient type

Medical 0 1.00 0 1.00 0 1.00 0 1.00 0 1.00
Surgical 0.22 1.24 .02 0.15 1.17 .25 0.35 1.42 .01 0.46 1.58 .02 �0.69 0.50 .13

Mortality
Deceased 0 1.00 0 1.00 0 1.00 0 1.00 — — —
Living �0.68 0.51 �.001 �0.39 0.68 .08 �0.62 0.54 .02 �0.02 0.98 .97

Intubation status
No 0 1.00 0 1.00 0 1.00 0 1.00 0 1.00
Yes 0.59 1.80 .002 �0.07 0.93 .59 0.10 1.11 .43 �0.22 0.80 .28 1.27 3.56 .02

AE, adverse event; ADE, adverse drug event; —, no data available.
aMultivariate Poisson/negative binomial generalized linear model, where � is estimated coefficient and e� is multiplicative effect of covariate.
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lower for a living than for a deceased
patient, and 1.8 times higher for an intu-
bated than for a never intubated patient.

Adjusted for other variables, a 1-day
increase in length of stay yields a 5.3%
increase in the expected number of AEs
(unadjusted, a 7.6% increase). Figure 3
displays the cumulative risk of AEs for
different high-risk patient types.

ADEs

Table 7 shows data on the crude ADE
rates and frequencies in subpopulations.
Overall, the mean ADE rate was 0.3 per
patient and 4.9 per 100 patient-days. Pa-
tients aged �13 yrs were associated with
higher rates of ADEs per 100 patient-
days.

Multivariate Poisson regression mod-
eling found that the only significant pre-
dictor was age (p � .0001). Adjusted, the
expected number of ADEs per 100 pa-
tient-days increased multiplicatively by
1.04 for every 1-yr increase in age (i.e., a
1-yr increase corresponds to 4% expected
increase; a 10-yr increase corresponds to
48% expected increase).

Adjusted, a 1-day increase in length of
stay yields a 1.6% increase in the ex-

pected number of ADEs (unadjusted, a
1.8% increase). Figure 4 displays the cu-
mulative risk of ADEs for different high-
risk patient types.

Preventability

Overall, the mean preventable AE rate
was 13.0 events per 100 patient-days.
Surgical, deceased, age 30 days–5 yrs, and
P-MODS between 9 and 12 subtypes ex-
perienced significantly higher rates of
preventable AEs per 100 patient-days.
Significant predictors of preventable AE
rate were age, patient type, and hospital
disposition after adjusting for other vari-
ables. The mean preventable ADE rate
was 2.1 events per 100 patient-days. Sur-
gical patients experienced significantly
higher rates of preventable ADEs per 100
patient-days after adjusting for other
variables (Tables 5–7).

Mortality

The mean mortality rate was 0.65 per
100 patient-days. Significantly higher
mortality rates were found in patients
intubated at any point during their PICU
stay or with a high P-MODS. Adjusted for

other variables, intubation status re-
mained a significant predictor of mortal-
ity (p � .02) (Table 6).

Excluding Patients With More
Than Five Events

There were 66 patients with �5 AEs,
two patients with �5 ADEs, 24 patients
with �5 preventable AEs, and no patients
with �5 preventable ADEs. Conclusions
for AE/ADE rates and preventable ADE
rates remained the same when analyses
were repeated, excluding patients with
�5 AEs/ADEs/preventable ADEs. After ex-
cluding patients with �5 preventable
AEs, analyses revealed age was no longer
significant after adjustment for other
variables.

DISCUSSION

This study is the largest detailed re-
view of PICU-associated AEs yet pub-
lished. It represents the review of 734
PICU patient admissions, excluding post-
operative cardiac surgery patients, and
5201 PICU-days from 15 PICUs across the
United States. The results of this study
form the basis for a better understanding

Figure 3. Adjusted increase in cumulative number of expected adverse events for length of stay for different patient types.
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of the frequency of AEs, the most com-
mon types of AEs, and the characteristics
of patients at greatest risk for AEs within
the PICU setting.

Our findings of an AE rate of 2.03 per
patient in the PICU setting (28.6 per
100 patient-days) and an ADE rate of
0.3 per patient (4.9 per 100 patient-
days) are substantially higher than re-
ported rates found in any previous mul-
ticenter study of pediatric patients. The
two prior national trigger tool studies
(6, 7) in pediatrics identified AE rates in
the high-risk neonatal ICU of 0.74 per
patient and ADE rates in children’s hos-
pitals of 0.11 per patient (1.57 per 100
patient-days). Prior studies (22, 23), us-
ing other methodologies, reflected even
lower rates. Interestingly, the AE rate of
2.03 per patient is virtually identical to
that identified in the adult ICU (2.02
per patient) study (3) and in the single-

institution PICU (1.95 per patient)
study (14), using trigger methodology.
However, the AE rates per 100 patient-
days in our study and the single-
institution PICU study were substan-
tially higher than in the adult ICU (28.6
and 52.7 vs. 11.3 per 100 patient ICU-
days, respectively), supporting our as-
sertion that the diverse age range (age,
1 day–18 yrs) and diagnoses of patients
(medical and surgical) cared for in PI-
CUs indicate a high-risk environment
for AEs.

One notable finding in this study is
the association of increasing risk of
ADEs with age. For each additional 1-yr
increase in age, our model showed a 4%
increase in ADE rates. Also, patients
aged �13 yrs had a significantly higher
crude rate of ADEs than the combined
younger age groups. One possible ex-
planation is that the standard use of

weight-based dosing of medications, in-
cluding high-risk analgesic and inotro-
pic drugs (frequently written in mg/
kg/hr or �g/kg/min), may result in
doses for adolescents exceeding adult
standard dosing practices.

Surgical patients, who have higher
AE rates than medical patients in adult
populations (24), emerged as being at
significantly higher risk than medical
patients within the PICU as well. Sur-
gical patients had significantly higher
AE rates, preventable AE rates, and pre-
ventable ADE rates than medical pa-
tients when adjusted for other risk fac-
tors. This finding is consistent with the
increased rate of AEs and preventable
AEs described in the single-institution
PICU trigger study (14). Postoperative
patients are likely to have sedation/
pain-related issues in addition to mul-
tiple catheters, which would put them

Table 7. Crude adverse drug event rates in subpopulations

Population
Number of

Patients

ADEs per
100 Patient

Days pa

Preventable ADEs
per 100 Patient

Days pa

ADEs per
Patient Mean

(Range)
Preventable ADEs per
Patient Mean (Range)

All
Total 734 4.9 2.1 0.3 (0–11) 0.15 (0–4)

Gender
Female 308 5.2 REF 2.3 REF 0.4 (0–5) 0.2 (0–3)
Male 426 4.7 .49 2.0 .50 0.3 (0–11) 0.1 (0–4)

Patient type
Medical 501 4.5 REF 1.8 REF 0.3 (0–11) 0.1 (0–4)
Surgical 233 5.8 .06 3.0 .007 0.4 (0–6) 0.2 (0–3)

Age
0–29 days 24 0.0 .99 0.0 .99 0 0
30–364 days 171 3.8 .11 2.0 .63 0.3 (0–5) 0.2 (0–4)
1–5 yrs 208 5.1 REFb 2.3 REFb 0.4 (0–11) 0.2 (0–3)
6–12 yrs 161 5.0 .90 2.2 .87 0.3 (0–4) 0.1 (0–3)
�13 yrs 170 7.4 .02 2.6 .65 0.2 (0–2) 0.4 (0–5)

Length of stay
2 days 149 5.8 REF 2.7 REF 0.1 (0–2) 0.1 (0–2)
3 or 4 days 257 6.5 .68 3.0 .84 0.2 (0–6) 0.1 (0–2)
5–8 days 168 4.9 .57 1.8 .35 0.3 (0–4) 0.1 (0–3)
9–15 days 93 4.8 .50 2.3 .71 0.5 (0–4) 0.3 (0–4)
�15 days 67 4.2 .22 1.7 .25 1.2 (0–11) 0.5 (0–3)

Mortality
Deceased 34 6.2 REF 1.8 REF 0.7 (0–11) 0.2 (0–3)
Living 700 4.8 .25 2.2 .64 0.3 (0–6) 0.1 (0–4)

Intubation status
No 399 5.2 REF 2.5 REF 0.2 (0–5) 0.1 (0–3)
Yes 335 4.8 .50 2.0 .23 0.5 (0–11) 0.2 (0–4)

Pediatric multiple
organ dysfunction
score

0 357 6.0 REF 2.7 REF 0.3 (0–6) 0.1 (0–3)
1–4 306 4.5 .03 1.8 .05 0.4 (0–11) 0.1 (0–3)
5–8 48 5.3 .54 2.0 .37 0.6 (0–4) 0.2 (0–4)
9–12 20 4.0 .09 2.5 .76 1.0 (0–4) 0.7 (0–3)
13–16 3 1.4 .15 0.0 .99 0.3 (0–1) 0 (0–0)
17–20 0 — — — —

ADEs, adverse drug events; REF, reference group; —, no data available.
aUnivariate Poisson generalized linear model used to compare adverse drug event rates; bthe age group with the most number of patients was chosen

as the reference group.
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at risk for AEs in the most common
PICU AE categories (catheter complica-
tion and uncontrolled pain) found in
our study. Furthermore, if these surgi-
cal patients are intubated, they are at
high risk for ETT malposition, possibly
resulting from multiple transports to
and from the operating room and off
and on the transport gurneys. These
results suggest that surgical patients
are a high-risk population within the
PICU that deserves special focus for AE
reduction.

Also noteworthy is that PICU patients
who died, even after adjusting for signif-
icant risk factors, such as intubation and
surgical status, had significantly higher
rates of AEs and preventable AEs than did
those patients who survived. In addition,
the association of higher total and pre-
ventable AE rates with mortality is in-
triguing and worthy of further study.

The most common AEs in this study
were categorized as catheter complica-
tion (including infiltrated peripheral in-
travenous catheters), uncontrolled pain,
and ETT malposition with the majority of
these events classified as preventable.
These AE categories are similar to those
described in the single-institution PICU

trigger study, which revealed the most
common preventable AEs categories to be
sedation/pain, skin (including infiltrated
peripheral intravenous catheters), and
medical device complications (including
vascular catheter complications) (14).
Given the consistency of these findings in
two separate studies, as well as the high
proportion of AEs in these categories be-
ing classified as preventable, we suggest
that these AE categories be the immedi-
ate focus of targeted, evidence-based
safety interventions to reduce the overall
risk of AEs in the PICU.

Our study found only one in six AEs
to be medication-related. This low pro-
portion of ADEs compared with total
AEs is consistent with other pediatric
and adult studies (3, 23). Also consis-
tent with prior studies of pediatric
ADEs, the vast majority were of low
severity (Category E) (19), and none
were thought to contribute to death.
Given the consistency of these findings
across multiple studies and patient pop-
ulations, efforts to reduce medication
error and ADEs alone (25–34) will be
necessary but not sufficient to impact
substantially the overall risk of AEs in
critically ill children. This interpretation

is consistent with consensus statements,
suggesting that patient safety efforts of-
ten targeting medications have had little
impact on national AE statistics (35, 36).
Although hospitals should continue ag-
gressive efforts to reduce medication-
related harm, or ADEs, our findings sup-
port efforts to accelerate prevention
strategies to areas of nonmedication-
related harm as well (37–40).

This study had several limitations.
First, there is no gold standard to iden-
tify AEs with which we can compare our
findings. Therefore, we are still likely
underestimating the true rate of AEs in
the PICU. This limitation is apparent in
that 16% of all AEs in this study were
identified without the use of the trigger
tool. Second, despite our attempts to
standardize the use of the trigger tool
and the interpretation of findings with
a rigorous training curriculum, the use
of the trigger tool in particular, the
determination of an event to be an ADE
or preventable, is subjective and suscep-
tible to certain biases that could affect the
outcomes in uncertain ways (41). A third
limitation is that we conducted this study
in largely academic PICUs, so our results
may have limited generalizability to non-

Figure 4. Adjusted increase in cumulative number of expected adverse drug events for length of stay for different patient types.
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academic PICUs. Finally, we used the re-
cently described P-MODS tool for severity
adjustment, as the majority of our sites
did not use the Pediatric Risk of Mortality
methodology (42–44). Although the P-
MODS successfully predicted our study
population to have �10% mortality, it
has yet to be validated in larger PICU
populations (20).

CONCLUSIONS

This study is the most comprehensive
assessment of the prevalence of AEs/ADEs
in the high-risk PICU setting yet pub-
lished. In addition, this study provides a
novel PICU specific trigger tool to help
hospitals assess and measure their AE
rates. These results should provide the
foundation for targeted, evidence-based
prevention strategies to decrease the sub-
stantial risk of AEs in this vulnerable
pediatric patient population. Trigger tool
methodology is an emerging strategy for
the detection of AEs and ADEs which can
be successfully applied in PICUs. Not sur-
prisingly, issues such as multiple organ
failure and age-related factors may con-
tribute importantly to the prevalence of
these adverse events in the PICU and sig-
nal special attention to these and other
factors associated with high risk events.
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Appendix. Case examples of pediatric intensive care unit triggers and adverse events from the pediatric intensive care unit Trigger Instruction Manual

1. A patient arrived at PICU with an intraosseous needle in place
from an outside hospital. The intraosseous needle was removed
promptly on arrival secondary to ecchymoses and swelling of
extremity. This triggered:
“T3 catheter complication (change, removal, or infiltration)”
● Does this AE count for our chart review even though the

“inciting” event (intraosseous placement) occurred at another
hospital?

Yes.
● This is an AE as the trigger “catheter complication” occurred in the PICU.
● This is an example of where the event leading to the AE “occurred in a

hospital, outside of PICU.”
● Incidentally, the AE here would also be “catheter complication.”

2. Hematocrit dropped from 35 to 24 (27%) in 30 hrs. No: “abrupt” should be in �24 hrs.
Does this fulfill trigger “T-8 abrupt drop . . . of hematocrit”?

3. You found a physician order that triggered “T11- Pull ETT back
1 cm and chest radiograph finding left mainstem intubation.” In
addition, orders are found to give vecuronium to aid ETT
retaping. Looking through respiratory therapist notes, nursing
notes, it is unclear if any hypoxia was related to ETT
malposition.

Yes. The adverse event is “ETT malposition” with obvious intervention by
physicians (paralytic agent, repeat chest radiograph, etc.). Temporary
harm to this patient is fulfilled given the above interventions.

● Should we count this as an adverse event for “ETT
malposition”?

4. “T20- diphenhydramine” triggered for pruritis treatment
attributed to morphine administration.
● Is this pruritis from morphine an AE or an ADE?

Yes.
● Pruritis from morphine is not considered an allergic reaction. It is

considered an ADE. It also is a known side effect that is also under the
category of ADE/reaction.

● It is likely not preventable in this patient, so this would be an example of
a nonpreventable ADE

PICU, pediatric intensive care unit; AE, adverse event; ETT, endotracheal tube; ADE, adverse drug event.
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