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Abstract

Objectives—Adverse drug event (ADE) detection is an important priority of patient safety 

research. Trigger tools have been developed to help identify ADEs. As part of a larger study, we 

developed complex and specific trigger algorithms intended for concurrent use with clinical care 

to detect outpatient ADEs. This paper assesses the use of a modified-Delphi process to obtain 

expert consensus on the value of these triggers.

Methods—We selected a panel of distinguished clinical and research experts to participate in the 

modified-Delphi process. We created a set of outpatient ADE triggers based on literature review, 

clinical input, and methodological expertise. The importance of the targeted ADEs, associated 
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drug classes, and trigger logic was used to rate each trigger. Specific criteria were developed to 

establish consensus.

Results—The modified-Delphi process established consensus on six outpatient ADE triggers to 

test with patient-level data based on high ratings of utility for patient-level interventions. These 

triggers focused on detecting ADEs caused by the following drugs or drug classes: bone-marrow 

toxins, potassium raisers, potassium reducers, creatinine, warfarin, and sedative hypnotics. 

Participants reported including all aspects of the trigger in their ratings, despite our efforts to 

separate evaluation of clinical need and trigger logic. Participants’ expertise affected the 

evaluation of trigger rules, leading to contradictory feedback on how to improve trigger design.

Conclusions—The efficiency of the modified-Delphi method could be improved by allowing 

participants to produce an overall summary score that incorporates both the clinical value and 

general logic of the trigger. Revising and improving trigger design should be conducted in a 

separate process limited only to trigger experts.

INTRODUCTION

Improvements in the ability to accurately identify adverse drug events (ADEs) have led to 

more efficient and effective strategies to prevent patient harm.1-3 An important development 

in ADE detection is the use of trigger tools: algorithms that search patient-level data and flag 

patterns consistent with a possible past, current, or future ADE.4 Computerized trigger tools 

for inpatient ADEs perform moderately well, are relatively inexpensive to use, and are being 

deployed in many hospitals.5-9 Despite the high burden of outpatient ADEs and the 

opportunity to apply inpatient ADE triggers to the outpatient setting, research in this area is 

limited.10,11

Outpatient triggers have been challenging to develop and implement for several reasons. 

First, electronic medical records (EMRs) are rarer in outpatient care and the ability to 

process triggers using data from multiple care settings and healthcare systems is 

challenging.12-15 Second, outpatient laboratory and pharmacy data is sparse compared to the 

inpatient setting, which makes identification of trends more difficult.1 These data challenges 

are more serious for trigger systems that operate concurrently with clinical care.16 The goal 

of concurrent systems is to make a difference in real-time; however, the persistent 

limitations of electronic outpatient data have resulted in only a handful of healthcare systems 

adopting trigger systems for outpatient intervention.17,18

To make concurrent triggers more relevant to clinical care and adapt them to relatively 

sparse data in the outpatient setting, we developed complex logic for a variety of outpatient 

ADEs.19 In this paper, we describe and critique the process used to identify outpatient ADE 

triggers with the highest value to healthcare systems for real-time application. We used a 

modified-Delphi panel to obtain consensus on the most promising triggers to test with 

patient data.20-22 This modified approach, based on the original RAND Corporation’s 

model, is widely used in the development of patient safety and quality improvement tools.23 

Based on our own review and feedback from participants, we assessed whether the 

modified-Delphi process was an appropriate approach for developing outpatient ADE 

triggers.
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METHODS

Consistent with the RAND method, the consensus-building process followed specific steps 

in collecting information about ADE triggers (see Figure 1). As part of a broader study on 

outpatient ADEs, we reviewed the literature on adverse event (AE) triggers designed for any 

setting, including outpatient care, to identify sources of greatest harm for outpatient AEs.24 

We began with literature obtained in previous work, and then systematically searched 

PubMed, Medline, ISI Web of Science, the Cochrane databases, EBM reviews and 

PsychInfo using the following keyword combinations:

• adverse event surveillance, signal, alert, trigger;

• medical errors, medication errors, postoperative complications, iatrogenic disease;

• safety management, risk management, quality assurance;

• data collection, decision support systems, clinical reminder systems, medication 

systems, hospital medical records systems, computerized monitoring, physiologic 

drug monitoring, adverse drug reaction reporting systems, clinical laboratory 

information systems, user-computer interface; and,

• ambulatory care, primary health care, outpatients, inpatients, emergency service, 

hospital.

We reviewed all abstracts identified in the literature search, excluding those that were 

irrelevant to triggers or AE detection. Many of the excluded articles focused on post-

marketing population-level surveillance of drug/vaccine safety using voluntary report 

databases. Relevant articles were abstracted by one of three reviewers (HM, SS, and HK) 

using a Microsoft Access form. The Access database included fields on AE detection setting 

(i.e. hospital/inpatient), trigger type (i.e. medical, surgical, ADE), trigger name (i.e., 

warfarin trigger), and trigger testing results (i.e. positive predictive value). The literature 

search retrieved 505 abstracts; 54 of these were abstracted. The majority of these retained 

articles focused on ADE triggers.

The clinician researchers on the project team used the information in the literature database, 

as well as their own expertise, to create a set of potential outpatient ADE triggers based on 

clinical logic and epidemiological principles.8 Outpatient triggers were designed to have 

high positive predictive value by isolating the clinical characteristics of an ADE and 

excluding events that could be explained as routine care. Many of the triggers were drawn 

from the literature and adapted for the outpatient setting using information on timing and 

type of prescription fills, and laboratory values.

Concurrent with the development of outpatient ADE trigger logic, we held focus groups at 

three large healthcare institutions (Boston Medical Center and the Boston VA Healthcare 

System, both in Boston, MA, and Intermountain Healthcare in Salt Lake City, UT). We 

presented results from the literature review on ADE severity and prevalence and asked 

potential end users and other stakeholders to identify priorities for outpatient trigger 

design.25
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In the final stage of outpatient trigger development, the project’s Clinical Advisory Panel, 

composed of seven clinicians and two pharmacists, refined the list of outpatient ADE trigger 

algorithms based on focus group input and gaps in the trigger literature. This process 

resulted in a set of outpatient triggers for evaluation and assessment of face validity by a 

modified-Delphi panel.

We recruited national experts in inpatient trigger design, medical informatics, clinical care, 

and patient safety research to participate in the modified-Delphi process (Table 1 presents 

the participants’ characteristics). Experts were expected to spend approximately 8-12 hours 

on the study and were reimbursed for their participation. Most of our participants were well 

known in their respective fields. Our modified-Delphi process consisted of three rounds over 

a 2-month period, followed by a group phone call. In each round, a Microsoft Excel 

workbook was emailed to each participant. Responses were collected via email and 

summarized anonymously in subsequent rounds.

The workbook presented all the triggers developed and refined through the Clinical 

Advisory Panel stage. We also presented summaries from the literature on rates and severity 

of outpatient ADEs and associated drug classes and asked the participants to rate the 

importance of designing triggers to address these causes and events. Trigger information 

included:

• the cause (the drug or drug class),

• the event, the trigger rule (algorithm),

• the goal (the harm the trigger was designed to prevent), and

• a description of each trigger.

For example, the trigger Angiotensin Converting Enzyme Inhibitor (ACE Inhibitor, trigger 

2) addressed cardiovascular agents (cause) and respiratory problems (AE); the rule was 

‘New order for Angiotensin Receptor Blocker (ARB) within 3 months of starting an 

Angiotensin Converting Enzyme Inhibitor (ACEI);’ the goal was to ‘Detect cough from an 

ACEI;’ and the description was ‘Look for switch from ACEI to ARB.’

Based on trigger goals and feedback from the focus groups, we asked Delphi participants to 

rate each ADE trigger’s utility for patient-level interventions to reduce patient harm. This 

criterion was considered the most important for rating ADE triggers for real-time 

applications to prevent specific harm to patients. We used a scale from 1-9 to rate triggers, 

with 1 as the most useful and 9 as the least useful for helping patients.26 We also asked 

participants to respond to open-ended questions about the strengths and weaknesses of each 

trigger and suggest modifications to improve trigger design. Finally, we solicited feedback, 

including information about the expertise and comfort participants had in rating triggers, and 

general comments on how to improve the consensus building process. Overall, experts 

assessed the face validity of each trigger, helping to determine whether or not the trigger 

would be recommended for further testing on patient-level data.

In Round 2, the workbook was customized to show the overall ratings and each participant’s 

individual responses. Modifications to the trigger algorithms were incorporated into the list 
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of triggers, with specific changes to the text bolded and identified in red. Round 3 presented 

the Round 2 median and ranges and asked participants to justify Round 3 ratings if they 

differed by more than 2 units from the Round 2 median.

We held a phone call after Round 3 to obtain comments and feedback on the Delphi process 

and to review the list of triggers recommended for further testing. The primary goal of the 

post-Delphi phone call was to better understand the rationale behind divergent ratings. For 

participants who could not attend the group call but were interested in providing feedback, 

we held individual calls.

To determine which ADE triggers to test using patient-level data, specific criteria were 

imposed: 1) presence of a median rating for “utility for patient-level interventions” above 3, 

and 2) sufficient agreement between participants. We defined agreement according to the 

RAND/UCLA method – all but one of the participants’ ratings must be within a range of 3 

points around the median to achieve consensus.20

RESULTS

Eleven experts participated in the Delphi process (see Table 1). The majority of participants 

worked in teaching hospitals and all but two held medical degrees.

We developed and presented 19 outpatient ADE triggers to Delphi participants. Table 2 

shows the trigger rule, the number of respondents, and medians and ranges for the ADE 

triggers from Rounds 1, 2 and 3. We ordered triggers by ratings and highlighted rows that 

met consensus criteria for testing with patient-level data.

Round 1 resulted in several suggested modifications to trigger algorithms to increase 

sensitivity or specificity:

• Calcium Channel Blocker was changed from a weight gain of 8 lbs to a gain of 6 

lbs or more;

• Delirium specified that the subsequent diagnosis of dementia, fall, or delirium must 

be ‘new.’

• Thyroid initially required ‘new prescription of thyroid replacement within 2 months 

of triggering value;’ however, this criterion was changed from ‘and’ to ‘or.’

• Steroid removed the following component: ‘OR no glucose/Hgb A1c ordered since 

1 week after steroid started.’

Initially, the triggers that met our consensus criteria included Antibiotics, Bone Marrow 

Toxin, and Hepatotoxic. However, although Bone Marrow Toxin was rated highly, several 

participants felt that associated ADEs were more likely to occur in the inpatient setting. 

Participants also noted that the Hepatotoxic trigger would be too complicated to implement 

and could result in a high proportion of false negatives. Round 1 feedback was presented 

anonymously to participants in the Round 2 workbooks. Four new triggers met the 

consensus criteria in Round 2: Warfarin, Potassium-low, Potassium-high, and Delirium.
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Although we achieved consensus on the triggers to test in Round 2, we proceeded with 

Round 3 to better understand the rationale behind divergent ratings. Participants’ reasons for 

giving a higher or lower rating included: overly complicated logic, difficulties in intervening 

or preventing the ADE, low prevalence of the criteria for the ADE, and low expected 

sensitivity for the trigger. These reasons were further discussed with the three participants 

that took part in the final phone call. The discussion led to two revisions to our trigger list. 

Hepatotoxic had a high rating; however, it was excluded because phone participants agreed 

that it had performed poorly in other studies and was likely to result in a high number of 

false negatives. The Creatinine trigger had divergent ratings largely because several 

participants assumed that the outpatient ADE was similar to events caused by creatinine in 

the inpatient setting. Once the outpatient creatinine ADE was described on the call, 

participants were able to reach consensus, and the trigger was given a high utility rating for 

patient-level intervention. The final six triggers for testing (highlighted in Table 2) focused 

on detecting ADEs caused by the following drugs or drug classes: bone marrow toxins, 

potassium raisers, potassium reducers, creatinine, warfarin, and sedative hypnotics.

Participants provided feedback on the Delphi process using the workbook’s structured and 

open-ended questions; however, several participants responded with feedback via email. 

Overall, many participants felt the process was too time consuming; in fact completing the 

workbook took some participants twice as long as was estimated (other participants 

completed the workbooks in the time frame we expected). We also learned that several 

participants did not feel their expertise permitted them to comment on certain triggers: three 

surgical experts on the panel refrained from rating many of the ADE triggers. Finally, 

experts in trigger development were more likely to spend a long time completing the 

workbook and to provide very specific comments and changes on the components of the 

trigger rule.

DISCUSSION

Experts rapidly reached consensus on 5 of 19 triggers for concurrent detection of ADEs and 

consensus on an additional trigger outside the Delphi process. Based on evidence from the 

modified-Delphi process, it appears that the triggers we developed addressed important 

ADEs and drug classes and would be likely to perform relatively well in practice. Future 

studies will evaluate the performance of the six outpatient ADE triggers using patient data. 

Our experience of establishing consensus on outpatient ADE triggers using a modified-

Delphi process presented a number of lessons learned.

We asked participants to separately rate the importance of the ADE, the importance of the 

drug class, and the utility of the trigger. Based on feedback from participants, the rating 

process was burdensome and overly complex. The original rationale for separating these 

criteria was to avoid “double barreled” or “triple barreled” ratings and maintain conceptual 

purity. However, it became clear during the modified-Delphi process that the rating of 

trigger utility was often considered simultaneously with the importance of both the ADE and 

drug class. Additionally, results suggested that ratings of the targeted ADEs or drugs were 

not as valuable in determining the utility of a trigger as the anticipated performance. The 

consensus rejection of the liver failure trigger (Hepatotoxic) is a case in point; the targeted 
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ADE is severe, yet previous experience with triggers addressing this event has shown that 

the event can only be detected after it is too late or with far too many false positives. Our 

criteria for selecting triggers to test with patient-level data focused only on the utility rating, 

a decision we did not share with Delphi participants, yet this proved appropriate in light of 

how they rated the triggers.

The study’s strengths included access to an esteemed panel of patient safety experts with 

diverse knowledge and experience with trigger tools. However, we also had some 

limitations. The varying backgrounds of the participants resulted in inconsistent feedback. 

Those who had published on trigger systems using very simple logic generally expressed 

skepticism about the rules’ complexity. Experts who had used trigger systems before or 

were more familiar with complex rules provided recommendations intended to improve 

trigger validity. As a result, participants gave contradictory advice on how to refine trigger 

logic. Some suggested shorter monitoring intervals, while others suggested longer intervals 

for the same aspect of the trigger rule. Differences in opinion on trigger logic were 

consistent with clinical versus non-clinical expertise, and non-clinicians were more likely to 

suggest logic changes and to spend more time completing the workbooks in each round.

Given the issues with rating criteria and the conflicting comments on trigger logic, we 

believe that two separate, consecutive processes would have more effectively used the 

expertise of participants as well as reduced the time and complexity of trigger evaluation. 

The modified-Delphi could have been conducted more efficiently by first holding a separate, 

open discussion on the trigger rules with experts in the design of trigger logic and clinical 

experts knowledgeable about the targeted ADE. The anonymous consensus-building of the 

Delphi approach could have focused on one overall summary rating for each trigger that 

simultaneously considered the importance of the ADE, the drug class, and the summarized 

trigger rule. Separating evaluation of trigger logic from consensus-building would improve 

the efficiency of trigger development.

CONCLUSIONS

This study developed and prioritized concurrent outpatient ADE triggers based on utility for 

patient interventions and generated important lessons for others who might consider a 

modified-Delphi process to develop tools for AE detection. Our analytical approach to the 

Delphi process, whereby we had a national panel of experts separately rate the importance of 

ADE causes, importance of events, and utility of logic, established consensus on outpatient 

ADE triggers but was overly burdensome. In discussions with participants, we learned that 

they considered all factors together and that a single rating of trigger utility would have been 

possible and also more efficient. Additionally, we used the modified-Delphi process to 

confirm the detailed logic of trigger rules, when a separate process with a different set of 

experts would have been more appropriate for this goal. The results and lessons learned in 

this study should be helpful to future studies developing adverse event triggers.
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Figure 1. 
Description of outpatient adverse drug event (ADE) trigger development process
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Table 1

Characteristics and Participation of Delphi Panelists

Professional
Degrees Specialty Employer

Participation

Round 1 Round 2 Round 3 Phone
Call

M.D. Surgery Federal healthcare
organization ✓ ✓ ✓

M.D. Patient safety, trigger
research

Non-profit research and
advocacy organization ✓

M.D. Patient safety, trigger
research Private consulting company ✓ ✓

M.D., M.P.H. Pediatric care, patient safety
research Teaching hospital ✓ ✓ ✓ ✓

Ph.D. Patient safety research Teaching hospital ✓ ✓ ✓

M.D. Emergency medicine, trigger
research Teaching hospital ✓ ✓ ✓ ✓

M.D., M.Stat. Patient safety research Teaching hospital ✓ ✓ ✓ ✓

Ph.D., M.S. Informatics, trigger research Teaching hospital ✓ ✓ ✓

M.D., M.P.H. Patient safety research Federal healthcare
organization ✓ ✓ ✓

M.D., M.P.H. Surgery Federal healthcare
organization ✓ ✓

M.D., M.S. Surgery Teaching hospital ✓ ✓ ✓

J Patient Saf. Author manuscript; available in PMC 2015 September 03.



V
A

 A
uthor M

anuscript
V

A
 A

uthor M
anuscript

V
A

 A
uthor M

anuscript

Mull et al. Page 12

T
ab

le
 2

R
es

ul
ts

, r
an

ke
d 

by
 f

in
al

 r
at

in
g,

 f
or

 R
ou

nd
s 

1-
3 

as
se

ss
in

g 
19

 o
ut

pa
tie

nt
 A

D
E

 tr
ig

ge
rs

 f
or

 u
til

ity
 o

f 
pa

tie
nt

 in
te

rv
en

tio
ns

O
ut

pa
ti

en
t 

A
D

E
 T

ri
gg

er
 I

nf
or

m
at

io
n

U
ti

lit
y 

of
 P

at
ie

nt
 I

nt
er

ve
nt

io
n 

(1
=H

ig
h,

 9
=L

ow
)

N
am

e
R

ul
e

G
oa

l
D

es
cr

ip
ti

on

R
ou

nd
 1

R
ou

nd
 2

R
ou

nd
 3

N
M

ed
ia

n
(R

an
ge

)
N

M
ed

ia
n

(R
an

ge
)

N
M

ed
ia

n
(R

an
ge

)

W
ar

fa
ri

n

[S
ta

rt
ed

 o
n 

w
ar

fa
ri

n 
w

ith
in

 1
4 

da
ys

 A
N

D
 (

In
te

rn
at

io
na

l
N

or
m

al
iz

ed
 R

at
io

 (
IN

R
)>

3.
0 

A
N

D
 I

N
R

 in
cr

ea
se

d 
by

 1
w

ith
in

 2
 d

ay
s)

 A
N

D
 n

o 
re

pe
at

 I
N

R
 w

ith
in

 2
 d

ay
s]

O
R

 (
St

ar
te

d 
in

 w
ar

fa
ri

n 
lo

ng
er

 th
an

 1
4 

da
ys

 p
ri

or
 A

N
D

IN
R

>
4 

A
N

D
 n

o 
re

pe
at

 I
N

R
 w

ith
in

 2
 w

ee
ks

)
O

R
 (

IN
R

>
6 

A
N

D
 n

o 
re

pe
at

 I
N

R
 w

ith
in

 2
 d

ay
s)

D
et

ec
t r

ap
id

 o
r

ex
ce

ss
iv

e
an

tic
oa

gu
la

tio
n 

to
pr

ev
en

t b
le

ed

L
oo

k 
fo

r 
ov

er
an

tic
oa

gu
la

tio
n 

an
d 

no
ev

id
en

ce
 o

f 
re

ch
ec

ki
ng

w
ith

in
 r

ea
so

na
bl

e
w

in
do

w

8
1.

0
(1

-5
)

7
1.

0
(1

-2
)

6
1.

0
(1

-2
)

P
ot

as
si

um
-

hi
gh

[(
K

+
>

5.
5 

an
d 

up
 b

y 
>

10
%

 s
in

ce
 la

st
 m

ea
su

re
m

en
t)

O
R

 (
K

+
>

6.
0)

]
A

N
D

 (
Po

ta
ss

iu
m

 (
K

) 
ra

is
er

 a
ct

iv
e 

O
R

 P
ot

as
si

um
 r

ed
uc

er
di

sc
on

tin
ue

d 
1 

da
y 

to
 4

 w
ee

ks
 d

ay
s 

pr
io

r)
A

N
D

 N
o 

ne
w

 p
ot

as
si

um
 r

ed
uc

er
O

R
 D

ec
re

as
e 

in
 p

ot
as

si
um

 r
ai

se
r 

w
ith

in
 5

 d
ay

s 
of

tr
ig

ge
ri

ng
 r

es
ul

t

D
et

ec
t h

yp
er

ka
le

m
ia

to
 p

re
ve

nt
 f

ur
th

er
in

cr
ea

se
 a

nd
ar

rh
yt

hm
ia

L
oo

k 
fo

r 
ri

si
ng

po
ta

ss
iu

m
 a

nd
 n

o
ev

id
en

ce
 o

f 
ch

an
ge

7
1.

0
(1

-6
)

6
1.

0
(1

-2
)

5
1.

0
(1

-3
)

P
ot

as
si

um
-

lo
w

U
se

 o
f 

po
ta

ss
iu

m
 (

K
) 

re
du

ce
r

A
N

D
 [

K
 <

3.
0 

O
R

 (
K

 <
 3

.5
 A

N
D

 K
 d

ec
re

as
ed

 b
y 

>
15

%
)

ve
rs

us
 p

re
vi

ou
s 

m
ea

su
re

m
en

t]
A

N
D

 (
N

o 
ne

w
 p

ot
as

si
um

 r
ai

se
r 

O
R

 d
ec

re
as

ed
 p

ot
as

si
um

re
du

ce
r)

 w
ith

in
 5

 d
ay

s 
of

 tr
ig

ge
ri

ng
 p

ot
as

si
um

 r
es

ul
t

D
et

ec
t h

yp
ok

al
em

ia
to

 p
re

ve
nt

 f
ur

th
er

de
cl

in
e 

an
d

ar
rh

yt
hm

ia

L
oo

k 
fo

r 
dr

op
pi

ng
po

ta
ss

iu
m

 a
nd

 n
o

ev
id

en
ce

 o
f 

ch
an

ge
7

2.
0

(1
-7

)
6

2.
0

(1
-3

)
5

2.
0

(1
-3

)

D
el

ir
iu

m
A

ct
iv

e 
pr

es
cr

ip
tio

n 
of

 s
ed

at
iv

e 
hy

pn
ot

ic
 in

cl
ud

in
g

an
tic

ho
lin

er
gi

c 
A

N
D

 S
ub

se
qu

en
t n

ew
 d

ia
gn

os
is

 o
f

(d
em

en
tia

, f
al

l, 
de

lir
iu

m
)

D
et

ec
t i

m
pa

ir
m

en
t i

n
co

ns
ci

ou
sn

es
s 

an
d

co
gn

iti
on

 to
 im

pr
ov

e
qu

al
ity

 o
f 

lif
e

L
oo

k 
fo

r 
ps

yc
ho

tr
op

ic
w

ith
 s

ub
se

qu
en

t d
ec

lin
e

in
 c

on
sc

io
us

ne
ss

 o
r

co
gn

iti
on

7
2.

0
(1

-7
)

6
2.

0
(1

-3
)

5
2.

0
(1

-3
)

B
on

e
M

ar
ro

w
T

ox
in

(O
n 

bo
ne

-m
ar

ro
w

-t
ox

ic
 d

ru
g 

w
ith

 a
 c

ou
rs

e 
m

or
e 

th
an

 2
w

ee
ks

 A
N

D
 N

o 
ch

em
ot

he
ra

py
 w

ith
in

 2
 w

ee
ks

)
A

N
D

 [
(w

hi
te

 b
lo

od
 c

el
l c

ou
nt

 (
W

B
C

s)
<

2,
50

0 
A

N
D

de
cr

ea
se

 f
ro

m
 b

ef
or

e 
co

ur
se

 b
y 

m
or

e 
th

an
 2

,0
00

) 
O

R
(W

B
C

s<
2,

00
0 

A
N

D
 d

ec
re

as
e 

fr
om

 b
ef

or
e 

co
ur

se
 b

y
m

or
e 

th
an

 1
,0

00
) 

O
R

 (
Pl

at
el

et
s<

50
k 

A
N

D
 d

ec
re

as
e 

by
75

k 
w

ith
in

 1
 w

ee
k)

]
A

N
D

 (
no

 r
ep

ea
t c

om
pl

et
e 

bl
oo

d 
co

un
t O

R
 n

o 
de

cr
ea

se
 in

dr
ug

) 
w

ith
in

 5
 d

ay
s 

of
 tr

ig
ge

ri
ng

 r
es

ul
t

D
et

ec
t e

ar
ly

 s
ig

ns
 o

f
m

ye
lo

-s
up

pr
es

si
on

 to
pr

ev
en

t m
or

e 
se

ve
re

ca
se

s

L
oo

k 
fo

r 
de

cr
ea

se
 in

ce
lls

 a
ft

er
 n

on
-c

an
ce

r
dr

ug
 a

nd
 n

o 
ev

id
en

ce
 o

f
re

co
gn

iti
on

7
1.

0
(1

-3
)

6
1.

0
(1

-2
)

5
2.

0
(1

-4
)

H
ep

at
o-

to
xi

c

A
ct

iv
e 

pr
es

cr
ip

tio
n 

fo
r 

he
pa

to
to

xi
c 

dr
ug

A
N

D
 a

sp
ar

ta
te

 a
m

in
ot

ra
ns

fe
ra

se
 (

A
ST

) 
or

 a
la

ni
ne

am
in

ot
ra

ns
fe

ra
se

 (
A

L
T

) 
le

ve
ls

 >
15

0

D
et

ec
t p

ot
en

tia
l

he
pa

to
to

xi
ci

ty
 to

pr
ev

en
t s

er
io

us
 li

ve
r

da
m

ag
e

L
oo

k 
fo

r 
de

ve
lo

pm
en

t o
f

he
pa

to
to

xi
ci

ty
 w

hi
le

 o
n

dr
ug

 th
at

 c
an

 c
au

se
he

pa
to

to
xi

ci
ty

7
2.

0
(1

-3
)

6
2.

0
(1

-3
)

5
2.

0
(1

-4
)

T
hy

ro
id

A
bn

or
m

al
 th

yr
oi

d-
st

im
ul

at
in

g 
ho

rm
on

e 
(T

SH
) 

te
st

 o
n

th
yr

oi
d 

re
pl

ac
em

en
t a

nd
 n

o 
re

pe
at

 te
st

 o
r 

ne
w

pr
es

cr
ip

tio
n 

of
 th

yr
oi

d 
re

pl
ac

em
en

t w
ith

in
 2

 m
on

th
s 

of
tr

ig
ge

ri
ng

 v
al

ue
.

D
et

ec
t o

ut
 o

f 
ra

ng
e

th
yr

oi
d 

to
 p

re
ve

nt
re

la
te

d 
pr

ob
le

m
s

L
oo

k 
fo

r 
ou

t-
of

-r
an

ge
T

SH
 w

ith
ou

t e
vi

de
nc

e 
of

fo
llo

w
 u

p
8

2.
5

(1
-7

)
7

3.
0

(1
-4

)
6

3.
0

(2
-4

)

J Patient Saf. Author manuscript; available in PMC 2015 September 03.



V
A

 A
uthor M

anuscript
V

A
 A

uthor M
anuscript

V
A

 A
uthor M

anuscript

Mull et al. Page 13

O
ut

pa
ti

en
t 

A
D

E
 T

ri
gg

er
 I

nf
or

m
at

io
n

U
ti

lit
y 

of
 P

at
ie

nt
 I

nt
er

ve
nt

io
n 

(1
=H

ig
h,

 9
=L

ow
)

N
am

e
R

ul
e

G
oa

l
D

es
cr

ip
ti

on

R
ou

nd
 1

R
ou

nd
 2

R
ou

nd
 3

N
M

ed
ia

n
(R

an
ge

)
N

M
ed

ia
n

(R
an

ge
)

N
M

ed
ia

n
(R

an
ge

)

A
nt

ib
io

ti
c

T
ro

ug
h 

le
ve

ls
 o

f 
an

tib
io

tic
 m

or
e 

th
an

 d
ou

bl
e 

th
e

re
co

m
m

en
de

d 
m

ax
im

um
 A

N
D

 a
t l

ea
st

 tw
o 

da
ys

 le
ft

 in
th

e 
co

ur
se

A
N

D
 n

o 
re

du
ct

io
n 

in
 d

os
e 

of
 th

e 
an

tib
io

tic
.

Pr
ev

en
t a

nt
ib

io
tic

to
xi

ci
ty

 (
he

ar
in

g 
an

d
re

na
l f

un
ct

io
n)

L
oo

k 
fo

r 
da

ng
er

ou
sl

y
hi

gh
 tr

ou
gh

 le
ve

ls
8

2.
0

(1
-3

)
7

2.
0

(1
-3

)
6

3.
0

(2
-4

)

St
er

oi
d

L
on

g-
te

rm
 p

re
sc

ri
pt

io
n 

of
 o

ra
l g

lu
co

co
rt

ic
oi

d 
(w

ri
tte

n 
fo

r
3-

m
on

th
s 

su
pp

ly
 o

r 
fo

r 
6 

m
on

th
s 

of
 r

ef
ill

s 
or

 r
en

ew
ed

af
te

r 
3 

m
on

th
s)

A
N

D
 a

t 6
 w

ee
ks

 a
ft

er
 s

te
ro

id
 s

ta
rt

ed
 n

o 
bi

sp
ho

sp
ho

na
te

pr
es

cr
ib

ed

D
et

ec
t l

on
g-

te
rm

st
er

oi
d 

co
ur

se
 w

ith
in

ap
pr

op
ri

at
e

m
on

ito
ri

ng
/ t

re
at

m
en

t
fo

r 
pr

ev
en

tio
n 

of
re

la
te

d 
pr

ob
le

m
s

L
oo

k 
fo

r 
lo

ng
 te

rm
co

ur
se

 o
f 

st
er

oi
d 

an
d 

no
bi

sp
ho

sp
ho

na
te

 o
r 

no
gl

uc
os

e 
ch

ec
k

8
3.

0
(1

-6
)

7
3.

0
(2

-6
)

6
3.

0
(3

-6
)

B
lo

od
P

re
ss

ur
e

D
ia

gn
os

is
 c

od
e 

fo
r 

(f
al

l, 
di

zz
in

es
s,

 o
rt

ho
st

at
ic

hy
po

te
ns

io
n)

A
N

D
 a

nt
ih

yp
er

te
ns

iv
e 

st
ar

te
d 

w
ith

in
 3

 m
on

th
s

A
N

D
 s

ys
to

lic
 B

P 
be

lo
w

 1
40

A
N

D
 n

o 
re

du
ct

io
n 

in
 o

r 
ne

w
 p

re
sc

ri
pt

io
n 

fo
r 

an
y

an
tih

yp
er

te
ns

iv
e 

m
ed

ic
at

io
n

D
et

ec
t s

ym
pt

om
at

ic
lo

w
 B

P 
to

 p
re

ve
nt

fu
rt

he
r 

pr
ob

le
m

s

L
oo

k 
fo

r 
pr

ob
le

m
as

so
ci

at
ed

 w
ith

 r
el

at
iv

el
y

lo
w

 B
P 

an
d 

no
 e

vi
de

nc
e

of
 a

dd
re

ss
in

g 
th

e
pr

ob
le

m

7
4.

0
(1

-9
)

6
3.

0
(1

-8
)

6
3.

0
(1

-6
)

A
nt

i–
P

la
te

le
t

R
ec

ei
vi

ng
 a

nt
ip

la
te

le
t a

ge
nt

A
N

D
 p

la
te

le
ts

 <
 5

0,
00

0/
m

3
A

N
D

 n
o 

re
pe

at
 c

om
pl

et
e 

bl
oo

d 
co

un
t w

ith
in

 2
 w

ee
ks

D
et

ec
t p

la
te

le
t

im
pa

ir
m

en
t w

ith
th

ro
m

bo
cy

to
pe

ni
a 

to
pr

ev
en

t b
le

ed

L
oo

k 
fo

r 
lo

w
 p

la
te

le
ts

 in
a 

pa
tie

nt
 r

ec
ei

vi
ng

 a
n

an
tip

la
te

le
t a

ge
nt

7
3.

0
(1

-9
)

6
3.

0
(1

-8
)

6
3.

0
(2

-9
)

C
re

at
in

in
e

[N
ew

 o
rd

er
 o

r 
in

cr
ea

se
 in

 (
di

re
ct

 G
FR

 r
ed

uc
er

 O
R

vo
lu

m
e 

re
du

ce
r 

O
R

 n
ep

hr
ot

ox
in

) 
w

ith
in

 (
1-

5 
da

ys
 O

R
 1

da
y 

to
 la

st
 c

re
at

in
in

e 
m

ea
su

re
)

A
N

D
 (

N
o 

ne
w

 tr
im

et
ho

pr
im

 w
ith

in
 5

 d
ay

s)
]

A
N

D
 (

N
o 

de
cr

ea
se

 in
 a

ny
 m

ed
s 

ab
ov

e 
si

nc
e 

th
e 

la
st

cr
ea

tin
in

e 
m

ea
su

re
 O

R
 n

o 
re

pe
at

 o
rd

er
 f

or
 c

re
at

in
in

e)
A

N
D

 (
>

25
%

 r
ed

uc
tio

n 
in

 c
re

at
in

in
e 

cl
ea

ra
nc

e 
si

nc
e

in
iti

at
io

n 
or

 in
cr

ea
se

 o
f 

ab
ov

e 
m

ed
 A

N
D

 r
es

ul
tin

g
cr

ea
tin

in
e 

cl
ea

ra
nc

e 
<

 5
0)

D
et

ec
t d

ec
re

as
ed

re
na

l f
un

ct
io

n 
to

pr
ev

en
t r

ea
ct

io
ns

fr
om

 o
th

er
 d

ru
gs

 th
at

ar
e 

re
na

lly
 c

le
ar

ed

So
on

 a
ft

er
 s

ta
rt

in
g 

a 
dr

ug
th

at
 m

ig
ht

 d
ec

re
as

e
cr

ea
tin

in
e,

 lo
ok

 f
or

 a
de

cr
ea

se
 in

 c
re

at
in

in
e

cl
ea

ra
nc

e 
to

 a
 c

on
ce

rn
in

g
le

ve
l a

nd
 m

ak
e 

su
re

 th
at

th
e 

ne
w

 d
ru

g 
ha

s 
no

t
be

en
 d

ec
re

as
ed

.

7
3.

0
(1

-9
)

5
3.

0
(2

-9
)

6
3.

5
(2

-7
)

C
al

ci
um

C
ha

nn
el

B
lo

ck
er

W
ei

gh
t i

nc
re

as
ed

 >
6 

po
un

ds
 b

et
w

ee
n 

2 
w

ee
ks

 a
nd

 3
m

on
th

s 
of

 s
ta

rt
in

g 
di

hy
dr

op
yr

id
in

e 
ca

lc
iu

m
-c

ha
nn

el
bl

oc
ke

r 
(C

C
B

)
A

N
D

 n
o 

di
ag

no
si

s 
of

 c
on

ge
st

iv
e 

he
ar

t f
ai

lu
re

A
N

D
 (

no
 d

is
co

nt
in

ua
tio

n 
of

 C
C

B
 O

R
 n

o 
ne

w
an

tih
yp

er
te

ns
iv

e 
ot

he
r 

th
an

 a
 d

iu
re

tic
)

D
et

ec
t e

de
m

a 
to

m
iti

ga
te

 it

L
oo

k 
fo

r 
ra

pi
d 

w
ei

gh
t

ga
in

 s
oo

n 
af

te
r 

st
ar

tin
g

C
C

B
 th

at
 m

ay
 in

du
ce

 L
E

ed
em

a 
an

d 
no

 e
vi

de
nc

e
of

 r
ec

og
ni

tio
n

7
3.

0
(2

-9
)

6
3.

5
(2

-6
)

6
4.

5
(3

-8
)

T
he

o-
ph

yl
lin

e

T
he

op
hy

lli
ne

 le
ve

l >
20

 μ
g/

m
l

O
R

 T
he

op
hy

lli
ne

 g
iv

en
 f

or
 >

12
 m

on
th

s 
w

ith
 n

o 
le

ve
l

m
ea

su
re

d

D
et

ec
t p

ot
en

tia
l o

r
ac

tu
al

 d
an

ge
ro

us
th

eo
ph

yl
lin

e 
le

ve
l t

o
pr

ev
en

t d
an

ge
ro

us
ad

ve
rs

e 
re

ac
tio

ns

L
oo

k 
fo

r 
hi

gh
th

eo
ph

yl
lin

e 
le

ve
l o

r
in

ad
eq

ua
te

 m
on

ito
ri

ng
7

4.
0

(2
-8

)
6

4.
5

(3
-8

)
5

5.
0

(4
-8

)

P
ar

ki
n-

so
ni

sm

C
ha

ng
e 

fr
om

 (
ty

pi
ca

l t
o 

at
yp

ic
al

 a
nt

ip
sy

ch
ot

ic
 O

R
 f

ro
m

an
y 

an
tip

sy
ch

ot
ic

 to
 q

ue
tia

pi
ne

) 
w

ith
in

 4
 w

ee
ks

 o
f

st
ar

tin
g 

th
er

ap
y

O
R

 [
pr

es
cr

ip
tio

n 
of

 d
op

am
in

er
gi

c 
m

ed
ic

at
io

n 
O

R
 n

ew

D
et

ec
t d

ru
g 

in
du

ce
d

pa
rk

in
so

ni
sm

L
oo

k 
fo

r 
ea

rl
y 

ch
an

ge
 to

le
ss

 to
xi

c 
an

tip
sy

ch
ot

ic
or

 n
ew

 d
ia

gn
os

is
 o

f
co

m
m

on
 a

dv
er

se
 e

ff
ec

ts

7
5.

0
(2

-9
)

6
5.

0
(3

-9
)

5
5.

0
(3

-8
)

J Patient Saf. Author manuscript; available in PMC 2015 September 03.



V
A

 A
uthor M

anuscript
V

A
 A

uthor M
anuscript

V
A

 A
uthor M

anuscript

Mull et al. Page 14

O
ut

pa
ti

en
t 

A
D

E
 T

ri
gg

er
 I

nf
or

m
at

io
n

U
ti

lit
y 

of
 P

at
ie

nt
 I

nt
er

ve
nt

io
n 

(1
=H

ig
h,

 9
=L

ow
)

N
am

e
R

ul
e

G
oa

l
D

es
cr

ip
ti

on

R
ou

nd
 1

R
ou

nd
 2

R
ou

nd
 3

N
M

ed
ia

n
(R

an
ge

)
N

M
ed

ia
n

(R
an

ge
)

N
M

ed
ia

n
(R

an
ge

)

di
ag

no
si

s 
of

 (
ak

at
hi

si
a 

O
R

 p
ar

ki
ns

on
is

m
 O

R
 tr

em
or

)]
w

ith
in

 3
 m

on
th

s 
of

 s
ta

rt
in

g
of

 a
nt

ip
sy

ch
ot

ic
m

ed
ic

at
io

n

A
C

E
In

hi
bi

to
r

N
ew

 o
rd

er
 f

or
 A

ng
io

te
ns

in
 I

I 
R

ec
ep

to
r 

B
lo

ck
er

s 
(A

R
B

)
w

ith
in

 3
 m

on
th

s 
of

 s
ta

rt
in

g 
A

ng
io

te
ns

in
 C

on
ve

rt
in

g
E

nz
ym

e 
In

hi
bi

to
r 

(A
C

E
I)

D
et

ec
t c

ou
gh

 f
ro

m
A

C
E

 in
hi

bi
to

r
L

oo
k 

fo
r 

sw
itc

h 
fr

om
A

C
E

 in
hi

bi
to

r 
to

 A
R

B
.

7
5.

0
(2

-9
)

6
5.

0
(4

-9
)

6
5.

0
(4

-9
)

C
-D

if
f

Pr
es

cr
ip

tio
n 

of
 (

or
al

 v
an

co
m

yc
in

 o
r 

m
et

ro
ni

da
zo

le
 O

R
O

rd
er

 f
or

 C
lo

st
ri

di
um

 D
if

fi
ci

le
 c

ul
tu

re
 o

r 
to

xi
n 

O
R

 I
C

D
9

co
de

 f
or

 C
. d

if
f 

co
lit

is
 o

r 
si

m
ila

r 
co

de
s)

 w
ith

in
 (

1 
da

y
af

te
r 

st
ar

t A
N

D
 b

ef
or

e 
4 

w
ee

ks
 a

ft
er

 th
e 

co
m

pl
et

io
n)

 o
f

an
 a

nt
ib

io
tic

 c
ou

rs
e

O
R

 P
re

sc
ri

pt
io

n 
of

 a
nt

id
ia

rr
he

al
 w

ith
in

 (
1 

da
y 

af
te

r 
st

ar
t

A
N

D
 b

ef
or

e 
3 

w
ee

ks
 a

ft
er

 th
e 

co
m

pl
et

io
n)

 o
f 

an
an

tib
io

tic
 c

ou
rs

e

D
et

ec
t a

nt
ib

io
tic

-
as

so
ci

at
ed

 d
ia

rr
he

a

L
oo

k 
fo

r 
ev

id
en

ce
 o

f
cl

in
ic

al
 s

us
pi

ci
on

 o
f 

C
.

di
ff

ic
ile

 c
ol

iti
s 

or
 r

eg
ul

ar
an

tib
io

tic
-a

ss
oc

ia
te

d
di

ar
rh

ea

8
6.

0
(1

-9
)

7
6.

0
(1

-9
)

6
6.

0
(3

-7
)

F
un

ga
l

Pr
es

cr
ip

tio
n 

of
 a

n 
or

al
 o

r 
va

gi
na

l a
nt

if
un

ga
l b

et
w

ee
n 

3
da

ys
 a

ft
er

 s
ta

rt
 o

f 
an

tib
io

tic
 a

nd
 1

0 
da

ys
 a

ft
er

 e
nd

 o
f

co
ur

se
.

D
et

ec
t a

nt
ib

io
tic

-
as

so
ci

at
ed

 f
un

ga
l

in
fe

ct
io

n

L
oo

k 
fo

r 
tr

ea
tm

en
t o

f
m

uc
os

al
 f

un
ga

l i
nf

ec
tio

n
8

7.
0

(3
-9

)
7

7.
0

(3
-9

)
6

7.
0

(3
-9

)

A
nt

i-
de

pr
es

sa
nt

W
ith

in
 a

 ti
m

e 
fr

am
e 

of
 1

 d
ay

 to
 6

 w
ee

ks
 a

ft
er

 th
e

pr
es

cr
ip

tio
n 

of
 a

n 
an

tid
ep

re
ss

an
t, 

pr
es

cr
ip

tio
n 

of
 a

di
ff

er
en

t a
nt

id
ep

re
ss

an
t.

D
et

ec
t a

ny
 a

dv
er

se
ev

en
t f

ro
m

 a
n

an
tid

ep
re

ss
an

t

L
oo

k 
fo

r 
ne

w
an

tid
ep

re
ss

an
t w

ith
in

 a
tim

e 
fr

am
e 

th
at

 is
 m

or
e

su
gg

es
tiv

e 
of

 r
ep

la
ci

ng
 a

pr
io

r 
an

tid
ep

re
ss

an
t t

ha
n

au
gm

en
ta

tio
n 

th
er

ap
y.

7
7.

0
(3

-9
)

6
7.

5
(3

-9
)

6
7.

5
(3

-8
)

A
D

E
=A

dv
er

se
 d

ru
g 

ev
en

t

N
= 

nu
m

be
r 

of
 p

ar
ti

ci
pa

nt
s 

w
ho

 r
at

ed
 t

he
 t

ri
gg

er

H
ig

hl
ig

ht
ed

 c
el

ls
 in

di
ca

te
 t

ri
gg

er
s 

th
at

 m
et

 c
on

se
ns

us
 c

ri
te

ri
a 

in
 R

ou
nd

 2
an

d 
w

er
e 

se
le

ct
ed

 f
or

 t
es

ti
ng

 w
it

h 
pa

ti
en

t-
le

ve
l d

at
a

J Patient Saf. Author manuscript; available in PMC 2015 September 03.


