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Abstract

Background: Physician chart documentation can facilitate patient care decisions, reduce treatment errors, and
inform health system planning and resource allocation activities. Although accurate and complete patient chart
data supports quality and continuity of patient care, physician documentation often varies in terms of timeliness,
legibility, clarity and completeness. While many educational and other approaches have been implemented in
hospital settings, the extent to which these interventions can improve the quality of documentation in emergency
departments (EDs) is unknown.

Methods: We conducted a systematic review to assess the effectiveness of approaches to improve ED physician
documentation. Peer reviewed electronic databases, grey literature sources, and reference lists of included studies
were searched to March 2015. Studies were included if they reported on outcomes associated with interventions
designed to enhance the quality of physician documentation.

Results: Nineteen studies were identified that report on the effectiveness of interventions to improve physician
documentation in EDs. Interventions included audit/feedback, dictation, education, facilitation, reminders, templates,
and multi-interventions. While ten studies found that audit/feedback, dictation, pharmacist facilitation, reminders,
templates, and multi-pronged approaches did improve the quality of physician documentation across multiple
outcome measures, the remaining nine studies reported mixed results.

Conclusions: Promising approaches to improving physician documentation in emergency department settings
include audit/feedback, reminders, templates, and multi-pronged education interventions. Future research should
focus on exploring the impact of implementing these interventions in EDs with and without emergency medical
record systems (EMRs), and investigating the potential of emerging technologies, including EMR-based machine-
learning, to promote improvements in the quality of ED documentation.

Keywords: Documentation, Emergency departments, Medical records, Physicians, Systematic reviews

Introduction
Chart accuracy is both a measure and a means of ensuring
the quality of the care that patients receive [1]. Accurate
patient chart information can facilitate and further com-
munication between healthcare professionals involved in
patient care, both in hospital and upon discharge into the
community [2, 3]. Conversely, poor documentation can

affect continuity of patient care, particularly during care
transitions, and may cause delays or errors in patient
treatment [4–8]. In 2018, a retrospective review of 138
antibiotic orders found that incomplete documentation
resulted in longer median time to order resolution
compared with completed documentation (31 vs 10 min,
p = 0.02) [8]. During another retrospective chart review of
2061 patients who had undergone carotid enarterectomy,
researchers found that charts deemed to be poorly docu-
mented were less freqently associated with appropriate
scheduling of carotid endarterectomy procedures than
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charts of high quality (44.2% vs 52.9%, p < 0.001) [7]. As
patient chart data is routinely used for hospital reimburse-
ment, health system planning, resource allocation, and re-
search activities, data quality may also impact outcomes
beyond those associated with direct patient care [7, 9, 10].
Previous research suggests that considerable variation

exists in the quality of physician documentation [7, 10,
11]. In the previously cited study of patients who under-
went carotid endarterectomy, researchers, using a 10
point rating scale, found that of 2061 charts reviewed,
only 42.6% were rated as well documented, with the per-
centage of high quality charts ranging from 14.6 to
87.5% across the 17 hospitals that were sampled [7]. Pa-
tient volume, care complexity, the variety and number of
healthcare professionals involved in individual patient
care, and the use of unformatted paper charts can all
contribute to poor chart documentation [1, 6, 12].
Previous studies have demonstrated that a significant re-

lationship exists between emergency department patient
volume and errors or omissions in unformatted paper
charts [13, 14]. Emergency Departments (ED) are charac-
terized by frequent staff changes, high activity levels, over-
crowding, frequent interruptions, time pressures,
uncertain patient arrival patterns, and a wide variety of
case presentations [14–17]. In such environments, fraught
with risks for poor chart documentation, there is a press-
ing need for methods to better promote the recording of
accurate and complete patient care information.
In recent years, electronic medical record (EMR) sys-

tems have been introduced into many EDs to facilitate the
documentation of patient care episodes [18–21]. Despite
this recent surge in EMR uptake, the quality of data in
EMR systems remains variable [22, 23]. While some re-
searchers have reported that EMRs improve guideline ad-
herence, and reduce medication errors [18, 24], others
claim that EMRs are but “clumsy electronic versions of
paper charts” which, while increasing “the amount of in-
formation recorded”, do little to enhance the “readability”
or overall quality of patient care information [25].
Research on the quality of EMR patient medical re-

cords tends to confirm that EMRs do not, by them-
selves, support enhanced physician documentation
clarity, accuracy, completeness, or other measures of
quality [26–31]. While some authors have found signifi-
cant improvements in the accuracy, completeness, or
richness (presence/completeness) of EMR documenta-
tion as compared with paper charts [26–29, 31], others
have reported mixed results. In 2009, Alkasab et al.
found that while EMR records of ED patient encounters
included more clinical questions and information on
medical histories, handwritten notes contained more
data and details on non-significant improvements in
symptoms and test results [26]. Perry et al. (2014) fur-
ther noted that ED physicians spent significantly more

time entering data into EMR applications as compared
with paper charts [30].
Since EMR information is “necessarily documentation

dependent”, strategies to enhance the quality of physician
documentation can impact the accuracy, comprehensive-
ness, and usability of EMR records [32]. Further, as many
emergency departments continue to rely on paper or hy-
brid charts, there is a broader need to identify and adopt
effective approaches to documentation improvement that
are not exclusively EMR-dependent. Such approaches may
include: physician education, templates, dictation, and
scanning of free-text paper notes into EMRs [33, 34].
The extent to which these and other interventions can

improve documentation quality, particularly in the con-
text of EDs, is, as yet, unclear. Thus, the objective of this
study was to conduct a systematic review of the effect-
iveness of interventions to improve the quality of ED
physician documentation in emergency settings.

Methods
We searched the Cochrane Library, DARE Database of
Reviews of Effects, EMBASE, MEDLINE, PubMED, and
Web of Science to March 2015 to identify relevant English
and French language peer reviewed literature suitable for
inclusion in this review. No date limits were applied.
Sources of grey literature, including the University of
York’s Health Technology Database, Current Controlled
Trials Register and the websites of government and pro-
fessional organizations, were similarly searched. We also
scanned the reference lists of included studies and review
articles to identify additional studies of relevance to this
review. This review was conducted in accordance with the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines [35]. The protocol
for this review has not been registered in PROSPERO or
any other publicly accessible registry.
Search strategies combined search terms from two

themes: 1) physicians (including but not limited to: clin-
ician, physician, doctor, house officer, intern, resident,
medical student) and 2) documentation (including but not
limited to: administrative data, clinical coding, documen-
tation, hospital record, medical chart). Terms were
searched as both keywords and database subject headings
as appropriate. No date limits were applied. An additional
file is provided that outlines the search strategy used to
identify relevant studies in the MEDLINE (OVID) data-
base [see Additional file 1]. This MEDLINE (OVID)
search was adapted to other electronic databases searched
in this review. Copies of the complete search strategy are
available, upon request, from the authors.
All abstracts were screened in duplicate, for inclusion

in the full text review. Three authors independently
screened the full texts of all selected abstracts. During
both screening stages, disagreements were resolved
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through consensus. Studies were included if they re-
ported on the results of any intervention to improve
physician documentation in emergency settings. Studies
were excluded if they 1) were descriptive studies or case
reports, 2) reported only post-intervention results, 3) fo-
cused on populations other than physicians, residents or
medical students, 4) centered on education to improve
history taking, patient care for specific medical condi-
tions, verbal communication skills, or the documenta-
tion of non-chart data, or 5) focused on documenting or
evaluating student performance.
Four authors jointly extracted data from all included

studies into a standardized form created in Excel. Out-
comes of interest included: documentation accuracy, clar-
ity (understandability), legibility, completeness, presence,
and timeliness. Two authors independently assessed the
quality of included studies, using the Downs and Black
checklist of 27 quality criteria for randomized and
non-randomized designs [36]. Due to the heterogeneity of
study designs, and outcomes, it was not possible to pool
the data from included studies.

Results
A total of 6188 unique abstracts were identified from elec-
tronic database and other searches. Four hundred and
seventy-two of these were selected for full text review, 19
of which were deemed appropriate for inclusion in the
final review (Fig. 1). One RCT, 6 quasi-experimental, and
12 pre-experimental (cross-sectional, or pre-post with no
comparison) studies evaluated interventions to improve
physician documentation in ED teaching and
non-teaching hospitals and trauma centers in Australia (n
= 3), Belgium (n = 1), Canada (n = 3) New Zealand (n = 1),

United Kingdom (n = 3) and the United States (n = 8)
(Table 1).
The quality of included studies, per the Downs and

Black scale, ranged from low < 15 (n = 3), to moderate
15–19 (n = 11), to high > 19 (n = 5) (Table 1). Quality is-
sues identified in most studies included the absence of
descriptions of principle confounders (n = 10), and lack
blinding of participants (n = 14) or those assessing the
outcomes of interventions (n = 17).
Seven interventions were identified to improve phys-

ician documentation in ED settings. These included:
audit/feedback (n = 2), dictation (n = 2), education (n = 1),
facilitation (n = 1), reminders (n = 2), structured paper
templates (n = 7), and multi-interventions (n = 4) that in-
corporated two or more approaches to improving docu-
mentation (Table 1).

Audit/feedback
Two studies (one time series, one pre-post without con-
trol) explored the impact of audit/feedback on improving
ED documentation [37, 38]. In both studies, audit/feed-
back significantly improved the richness (presence and
completeness) of physician documentation (Table 1).

Dictation
Two studies (one pre-post without control; one retro-
spective follow up with control) investigated dictation as
a means of improving documentation quality [39, 40].
(Table 1) In a retrospective comparison of dictated and
paper charts, Cole and Counselman (1995) reported sig-
nificant improvements in the number of 28 critical items
documented for patients presenting with chest pain [39].
Zick and Olsen (2001) compared voice recognition soft-
ware (Dragon Naturally Speaking®) to traditional dictation.
While completion time decreased with the use of voice
recognition software (Dragon Naturally Speaking®) so too
did the overall accuracy of physician documentation [40].

Education
One study (pre-post with control) evaluated the effect-
iveness of an education intervention, a 1 h lecture on
medical liability, to improve residents’ documentation of
pediatric emergency charts [41]. Researchers found no
difference in the richness (presence and completeness)
of the charts documented post-lecture (Table 1).

Facilitation
One study (pre-post without control) evaluated the ef-
fects of a pharmacist intervention on the quality of phys-
ician documentation [42]. Researchers determined that
pharmacists’ involvement in recording medication his-
tories for older patients taking 4 or more concurrent
medications resulted in significantly fewer unintentional
discrepancies in patients’ usual drug regimens, and

Fig. 1 PRISMA Flow Diagram

Lorenzetti et al. BMC Emergency Medicine           (2018) 18:36 Page 3 of 12



Ta
b
le

1
C
ha
ra
ct
er
is
tic
s
an
d
O
ut
co
m
es

of
In
cl
ud

ed
St
ud

ie
s

A
ut
ho

r
D
at
e

C
ou

nt
ry

St
ud

y
de

si
gn

a
Se
tt
in
g
Pa
rt
ic
ip
an
ts

In
te
rv
en

tio
n(
s)

D
ur
at
io
n

In
te
rv
en

tio
n
&
C
on

tr
ol

G
ro
up

D
et
ai
ls

O
ut
co
m
es

of
In
te
re
st

Re
su
lts

D
ow

ns
&

Bl
ac
k

Q
ua
lit
y

Sc
or
e

C
ar
te
r
et

al
.

U
SA

(2
00
9)

PP
N

•
Te
ac
hi
ng

ho
sp
ita
l

•
Re
si
de

nt
s
(R
2,
R3
)

M
ul
tip

le
In
te
rv
en

tio
n

(a
ud

it/
fe
ed

ba
ck
,

ed
uc
at
io
n,
an
d

re
m
in
de

rs
)

12
w
ee
ks

In
te
rv
en

tio
n
gr
ou

p
n
=
24

1-
h
le
ct
ur
e
to

18
/2
4
re
si
de

nt
s

Po
ck
et

ca
rd

an
d
le
ct
ur
e
ha
nd

ou
ts
to

24
/2
4
re
si
de

nt
s
an
d
bi
w
ee
kl
y

ne
w
sl
et
te
rs
.P
hy
si
ci
an
s
re
ce
iv
ed

w
ee
kl
y

ca
se

sp
ec
ifi
c
ch
ar
t
au
di
t/
fe
ed

ba
ck
.

C
on

tr
ol

gr
ou

p
(n
=
24
)

U
su
al
el
ec
tr
on

ic
do

cu
m
en

ta
tio

n
pr
og

ra
m

•
C
ha
rt
le
ve
l,
ba
se
d
on

co
m
pl
ex
ity

of
de

ci
si
on

m
ak
in
g
an
d
de

ta
il
of

hi
st
or
y
an
d
ph

ys
ic
al
.

•
RV
U
(re

la
tiv
e
va
lu
e
un

its
).

•
Bi
lli
ng

s/
hr
.

•
In
te
rv
en

tio
n
re
su
lte
d
in

m
or
e

co
m
pl
ex

ch
ar
tin

g
(2
7%

vs
19
%
,

p
<
.0
1)

an
d
fe
w
er

m
id
-le
ve
l

ch
ar
ts
(p
<
.0
1)
.

•
RV
U
s
in
cr
ea
se
d
w
ith

in
te
rv
en

tio
n
(3
.7
1
vs

3.
17
,

p
<
.0
1)
.

•
Bi
lli
ng

s
in
cr
ea
se
d
w
ith

in
te
rv
en

tio
n
($
35
4.
08

vs
$3
03
.7
9,

p
<
.0
1)
.

19
/2
7

C
ol
e
&

C
ou

ns
el
m
an

U
SA

(1
99
5)

RF
U
P

•
Te
ac
hi
ng

ho
sp
ita
l

•
Re
si
de

nt
s
&

Ph
ys
ic
ia
ns

D
ic
ta
tio

n
50

w
ee
ks

In
te
rv
en

tio
n
gr
ou

p
n
=
94

D
ic
ta
te
d
re
po

rt
D
ic
ta
tio

n
se
rv
ic
es

av
ai
la
bl
e
fo
r
8
h
pe

r
da
y,
al
te
rn
at
in
g
be

tw
ee
n
da
y
an
d

ev
en

in
g
sh
ift
s.

C
on

tr
ol

gr
ou

p
n
=
10
8

U
su
al
pa
pe

r
ch
ar
ts

M
ea
n
nu

m
be

r
of

28
cr
iti
ca
li
te
m
s

pr
es
en

t
in

re
po

rt
.

Si
gn

ifi
ca
nt

m
ea
n
in
cr
ea
se

in
th
e

nu
m
be

r
of

cr
iti
ca
li
te
m
s
re
po

rt
ed

(1
9.
6
vs

15
.8
;p

<
.0
1)
.

19
/2
7

D
e
W
in
te
r

et
al
.

Be
lg
iu
m

(2
01
1)

PP
N

•
Te
ac
hi
ng

ho
sp
ita
l

•
G
en

er
al
in
te
rn
is
t

an
d
in
te
rn
al

m
ed

ic
in
e
tr
ai
ne

es

Re
m
in
de

r
14

w
ee
ks

In
te
rv
en

tio
n
gr
ou

p
n
=
92
4

A
lim

ite
d
qu

es
tio

ns
lis
t
to

en
co
ur
ag
e

co
lle
ct
io
n
of

da
ta

on
pa
tie
nt
s’

pr
es
cr
ip
tio

n
an
d
no

n-
pr
es
cr
ip
tio

n
m
ed

ic
at
io
ns
.P
ha
rm

ac
is
ts
in
te
rv
ie
w
ed

pa
tie
nt
s
to

co
lle
ct

co
m
pl
et
e
m
ed

ic
at
io
n

hi
st
or
ie
s
fo
r
go

ld
st
an
da
rd

co
m
pa
ris
on

.
C
on

tr
ol

gr
ou

p
n
=
79
8

U
su
al
pa
pe

r
ch
ar
t

Pr
op

or
tio

n
of

dr
ug

s
om

is
si
on

s
in

ph
ys
ic
ia
n
hi
st
or
y
co
m
pa
re
d
to

ph
ar
m
ac
y-
te
ch
ni
ci
an

go
ld

st
an
d-

ar
d
hi
st
or
y
ta
ki
ng

.

Si
gn

ifi
ca
nt

de
cr
ea
se

in
th
e

pr
op

or
tio

n
of

dr
ug

om
is
si
on

s
(9
%

vs
.1
7%

,p
<
.0
01
).

20
/2
7

D
ex
te
r
et

al
.

U
K
(2
00
8)

PF
U
P

•
O
to
la
ry
ng

ol
og

y
Em

er
ge

nc
y
C
lin
ic

•
“D
oc
to
rs
”

M
ul
tip

le
In
te
rv
en

tio
n

(e
du

ca
tio

n
an
d

te
m
pl
at
e)

N
ot

sp
ec
ifi
ed

In
te
rv
en

tio
n
gr
ou

p
n
=
14
0

Pr
of
or
m
as

to
en

co
ur
ag
e
do

cu
m
en

ta
tio

n
of

pa
tie
nt

in
fo
rm

at
io
n.
A
dv
ic
e
pr
ov
id
ed

on
ho

w
to

im
pr
ov
e
ha
nd

w
rit
in
g.

C
as
e

no
te
s
au
di
te
d
us
in
g
an

A
N
KL
e

(A
dj
us
te
d
N
ot
e
Ke
ep

in
g
an
d
Le
gi
bi
lit
y)

sc
or
in
g
sy
st
em

.
C
on

tr
ol

gr
ou

p
n
=
14
0

U
su
al
do

cu
m
en

ta
tio

n

Le
gi
bi
lit
y,
co
nt
en

t,
an
d
A
N
KL
e

(A
dj
us
te
d
N
ot
e
Ke
ep

in
g
an
d

Le
gi
bi
lit
y)
sc
or
es
.

Si
gn

ifi
ca
nt

im
pr
ov
em

en
ts
in

m
ea
n
A
N
KL
e
sc
or
es

fo
r
no

te
co
nt
en

t
(1
7.
2
vs
.1
6.
0,
p
<
0.
05
),

le
gi
bi
lit
y
(3
.0
2
vs
.2
.9
6,
p
<
0.
05
)

an
d
ov
er
al
lA

N
KL
e
sc
or
e
(2
0.
24

vs
.1
8.
95
,p

<
0.
05
).

15
/2
7

G
oo

dy
ea
r
et

al
.U

K
(1
99
5)

C
SC

•
Em

er
ge

nc
y

D
ep

ar
tm

en
t

•
“J
un

io
r
do

ct
or
s”

Te
m
pl
at
e

30
w
ee
ks

In
te
rv
en

tio
n
gr
ou

p
n
=
10
0

Pr
e-
pr
in
te
d
pe

di
at
ric

ad
m
is
si
on

as
se
ss
m
en

t
fo
rm

s.
C
on

tr
ol

gr
ou

p
n
=
10
0

U
su
al
ha
nd

w
rit
te
n
m
ed

ic
al
re
co
rd
s.

M
ea
n
nu

m
be

rs
of

25
co
re

cl
in
ic
al

de
ta
ils

re
co
rd
ed

:m
ea
n
nu

m
be

r
of

w
or
ds

pe
r
cl
er
ki
ng

.

Si
gn

ifi
ca
nt

in
cr
ea
se

in
nu

m
be

r
of

co
re

cl
in
ic
al
de

ta
ils

re
co
rd
ed

-
24

re
co
rd
ed

w
ith

in
te
rv
en

tio
n
vs
.

17
.6
(p
<
0.
00
1)

an
d
w
or
ds

pe
r

cl
er
ki
ng

14
4
fo
r
in
te
rv
en

tio
n
vs
.

18
4
(p
<
0.
00
1)
.

12
/2
7

Lorenzetti et al. BMC Emergency Medicine           (2018) 18:36 Page 4 of 12



Ta
b
le

1
C
ha
ra
ct
er
is
tic
s
an
d
O
ut
co
m
es

of
In
cl
ud

ed
St
ud

ie
s
(C
on

tin
ue
d)

A
ut
ho

r
D
at
e

C
ou

nt
ry

St
ud

y
de

si
gn

a
Se
tt
in
g
Pa
rt
ic
ip
an
ts

In
te
rv
en

tio
n(
s)

D
ur
at
io
n

In
te
rv
en

tio
n
&
C
on

tr
ol

G
ro
up

D
et
ai
ls

O
ut
co
m
es

of
In
te
re
st

Re
su
lts

D
ow

ns
&

Bl
ac
k

Q
ua
lit
y

Sc
or
e

H
an
so
n
et

al
.U

K
(1
99
4)

TS
S

•
2
Te
ac
hi
ng

ho
sp
ita
ls

•
H
ou

se
O
ffi
ce
rs

A
ud

it/
Fe
ed

ba
ck

19
w
ee
ks

In
te
rv
en

tio
n
gr
ou

p
n
=
42
0(
Fe
ed

ba
ck

1)
;

42
9(
Fe
ed

ba
ck

2)
;2
44

(F
in
al
au
di
t
–

w
ee
ks

20
–2
4)

Ph
as
e
I:
Fe
ed

ba
ck

at
6
w
ee
ks

in
fo
rm

of
in
di
vi
du

al
au
di
t/
fe
ed

ba
ck

an
d
gr
ou

p
di
sc
us
si
on

.P
ha
se

II:
Fe
ed

ba
ck

at
w
ee
k

11
.F
ur
th
er

au
di
t
du

rin
g
w
ee
ks

11
–1
6.

Po
st
-in

te
rv
en

tio
n
fin
al
au
di
t
w
ee
ks

20
–2
4.

C
on

tr
ol

gr
ou

p
n
=
40
1

N
o
fe
ed

ba
ck
.B
as
el
in
e
au
di
ts
.U

su
al

pa
pe

r
ch
ar
ts
.

•
Pr
op

or
tio

n
of

he
ad

in
ju
ry

ch
ar
ts

do
cu
m
en

tin
g
G
CS

(G
la
sc
ow

C
om

a
Sc
al
e)
.

•
Pr
op

or
tio

n
of

ch
ar
ts

do
cu
m
en

tin
g
di
ag
no

st
ic
co
di
ng

fo
r
al
lp

at
ie
nt
s.

•
Si
gn

ifi
ca
nt

im
pr
ov
em

en
t
in

G
C
S

do
cu
m
en

ta
tio

n
fo
r
bo

th
ho

sp
ita
ls
fo
r
pa
tie
nt
s
w
ith

he
ad

in
ju
rie
s
du

rin
g
al
lp

ha
se
s
of

th
e

st
ud

y
–
(8
0%

Fe
ed

ba
ck

1,
88
%

Fe
ed

ba
ck

2,
90
%

Fi
na
lA

ud
it
vs

40
%

at
ba
se
lin
e)
.

•
Si
gn

ifi
ca
nt

im
pr
ov
em

en
t
in

di
ag
no

st
ic
co
di
ng

fo
r
H
os
pi
ta
lA

fro
m

ba
se
lin
e
(p
<
.0
08
).

18
/2
7

H
ei
dt

&
G
rif
fe
y
U
SA

(2
01
2)

PP
N

•
Te
ac
hi
ng

ho
sp
ita
l

•
Em

er
ge

nc
y

Ph
ys
ic
ia
ns

A
ud

it/
Fe
ed

ba
ck

12
w
ee
ks

In
te
rv
en

tio
n
gr
ou

p
n
=
38
2

In
di
vi
du
al
ize
d
em

ai
lf
ee
db

ac
k
fro
m

co
de
rs

to
ph
ys
ic
ia
ns

w
ho
se

ch
ar
ts
la
ck
ed

su
ffi
ci
en
t

do
cu
m
en
ta
tio
n
to

w
ar
ra
nt

th
e
in
cl
us
io
n
of

cr
iti
ca
lc
ar
e
bi
llin

g
co
de
s

C
on

tr
ol

gr
ou

p
n
=
50
1

N
o
fe
ed

ba
ck
.

Pr
op

or
tio

n
of

IC
U
(in
te
ns
iv
e
ca
re

un
it)

ad
m
is
si
on

s
th
at

do
cu
m
en

te
d
cr
iti
ca
lc
ar
e
tim

e.

Si
gn

ifi
ca
nt

in
cr
ea
se

in
th
e

nu
m
be

r
of

ch
ar
ts
do

cu
m
en

tin
g

cr
iti
ca
lc
ar
e
tim

e
(6
4%

vs
18
%
,

p
<
.0
01
).

10
/2
7

H
um

ph
re
ys

et
al
.U

SA
(1
99
2)

C
SC

•
Te
ac
hi
ng

ho
sp
ita
l

•
In
te
rn
al
m
ed

ic
in
e

ho
us
es
ta
ff
an
d
ED

ph
ys
ic
ia
ns

Te
m
pl
at
e

31
w
ee
ks

In
te
rv
en

tio
n
gr
ou

p
n
=
99

Pr
ef
or
m
at
te
d
ch
ar
t
fo
r
ob

st
et
ric

or
gy
na
ec
ol
og

ic
al
pr
ob

le
m
s.

C
on

tr
ol

gr
ou

p
n
=
60

St
an
da
rd

bl
an
k
ch
ar
ts
.

Pr
op

or
tio

n
of

IC
U
(in
te
ns
iv
e
ca
re

un
it)

ad
m
is
si
on

s
th
at

do
cu
m
en

te
d
cr
iti
ca
lc
ar
e
tim

e
in

th
e
em

er
ge

nc
y
ro
om

.

Si
gn

ifi
ca
nt

in
cr
ea
se

in
do

cu
m
en

ta
tio

n
of

cr
iti
ca
lc
ar
e

tim
e
(2
43
/3
82

(6
4%

)v
s
88
/5
01

(1
8%

)-
p
<
0.
00
1)
.

22
/2
7

Ko
nd

zi
ol
ka

et
al
.

C
an
ad
a

(1
98
9)

PP
N

•
Re
gi
on

al
tr
au
m
a

un
it

•
Ph

ys
ic
ia
ns

Te
m
pl
at
e

N
ot

sp
ec
ifi
ed

In
te
rv
en

tio
n
gr
ou

p
n
=
10
0

N
eu
ro
tra
um

a
A
ss
es
sm

en
tR

ec
or
d

te
m
pl
at
es

w
ith

32
in
fo
rm

at
io
n
pa
ra
m
et
er
s.

C
on

tr
ol

gr
ou

p
n
=
10
0

U
su
al
pa
pe

r
ch
ar
t

Pr
op

or
tio

n
of

ch
ar
ts
w
ith

ea
ch

of
32

as
se
ss
ed

ite
m
s.

Si
gn

ifi
ca
nt

im
pr
ov
em

en
t
in

th
e

re
co
rd
in
g
of

el
em

en
ts
in
cl
ud

in
g

in
ci
de

nt
tim

e
an
d
tr
an
sf
er
,a
nd

m
ed

ic
al
hi
st
or
y
(p
<
.0
01
),
an
d
a

si
gn

ifi
ca
nt

de
cr
ea
se

in
re
co
rd
in
g

of
tr
ea
tm

en
t
pl
an
s
(p
<
.0
01
).

19
/2
7

M
ar
ill
et

al
.

U
SA

(1
99
9)

RC
T

•
ER

tr
au
m
a
ce
nt
re

•
Ph

ys
ic
ia
ns
,

Re
si
de

nt
s
&
M
ed

ic
al

St
ud

en
ts

Te
m
pl
at
e

A
pp

ro
x.
2.
5
w
ee
ks

(1
6
da
ys
)

In
te
rv
en

tio
n
gr
ou

p
n
=
65
7

C
om

m
er
ci
al
te
m
pl
at
es
-g
ui
de

d
m
ed

ic
al

do
cu
m
en

ta
tio

n
sy
st
em

fo
r
al
lp

at
ie
nt
s

pr
es
en
tin

g
to

ER
s
du

rin
g
a
16

da
y
pe
rio
d.

C
on

tr
ol

gr
ou

p
n
=
57
0

U
su
al
pa
pe

r
ch
ar
t

•
Em

er
ge

nc
y
ph

ys
ic
ia
n
to
ta
l

tr
ea
tm

en
t
an
d
ev
al
ua
tio

n
tim

e.
•
To
ta
lp

ro
fe
ss
io
na
lb

ill
an
d

ph
ys
ic
ia
n
sa
tis
fa
ct
io
n
w
ith

do
cu
m
en

ta
tio

n
m
et
ho

d.

•
N
on

-s
ig
ni
fic
an
t
re
du

ct
io
n
of

4.
6
m
in

in
tr
ea
tm

en
t
tim

e
(9
5%

co
nf
id
en

ce
in
te
rv
al
[C
I],

−
9.
2
to

18
.3
).

•S
ig
ni
fic
an
tm

ea
n
in
cr
ea
se

in
to
ta
l

bi
llin

g
($
13
7.
40

vs
$1
07
.8
0;
95
%
CI

fo
rd

iff
er
en
ce

-$
22
.2
0
to

$3
7.
00
).

25
/2
7

O
’C
on

no
r
et

al
.N

ew
Ze

al
an
d

(2
00
1)

PP
N

•
N
on

-t
ea
ch
in
g
ru
ra
l

ho
sp
ita
l

•
Ph

ys
ic
ia
ns

Te
m
pl
at
e

2
w
ee
ks

In
te
rv
en

tio
n
gr
ou

p
n
=
96

Pr
ef
or
m
at
te
d
em

er
ge

nc
y
de

pa
rt
m
en

t
ch
ar
ts
w
ith

8
ke
y
co
nt
en

t
ite
m
s

C
on

tr
ol

gr
ou

p
n
=
13
7

U
su
al
pa
pe

r
ch
ar
ts

•
M
ed

ia
n
nu

m
be

r
of

pa
ra
m
et
er
s

fil
le
d
in

fo
r
ea
ch

ch
ar
t,
ou

t
of

8.
•
Pr
op

or
tio

n
of

ch
ar
ts
re
co
rd
in
g

ea
ch

of
8
pa
ra
m
et
er
s.

•
Si
gn

ifi
ca
nt

m
ea
n
in
cr
ea
se

in
th
e

nu
m
be

r
of

pa
ra
m
et
er
s

do
cu
m
en

te
d
in

ea
ch

ch
ar
t

(8
vs

7,
p
=
.0
05
).

•
Si
gn

ifi
ca
nt

po
si
tiv
e
ch
an
ge

in
th
e
re
co
rd
in
g
of

on
e
pa
ra
m
et
er

–
Ph

ys
ic
ia
n
N
am

e
(5
2%

vs
18
%
,

p
<
.0
00
1)
.

19
/2
7

Lorenzetti et al. BMC Emergency Medicine           (2018) 18:36 Page 5 of 12



Ta
b
le

1
C
ha
ra
ct
er
is
tic
s
an
d
O
ut
co
m
es

of
In
cl
ud

ed
St
ud

ie
s
(C
on

tin
ue
d)

A
ut
ho

r
D
at
e

C
ou

nt
ry

St
ud

y
de

si
gn

a
Se
tt
in
g
Pa
rt
ic
ip
an
ts

In
te
rv
en

tio
n(
s)

D
ur
at
io
n

In
te
rv
en

tio
n
&
C
on

tr
ol

G
ro
up

D
et
ai
ls

O
ut
co
m
es

of
In
te
re
st

Re
su
lts

D
ow

ns
&

Bl
ac
k

Q
ua
lit
y

Sc
or
e

O
til
lo

et
al
.

U
SA

(2
01
4)

PP
C

•
A
ca
de

m
ic
ch
ild
re
n’
s

ho
sp
ita
l

•
Pe
di
at
ric

re
si
de

nt
s

Ed
uc
at
io
n

11
2
w
ee
ks

In
te
rv
en

tio
n
gr
ou

p
n
=
15
7

O
ne

-h
ou

r
le
ct
ur
e

C
on

tr
ol

gr
ou

p
n
=
14
5

N
o
ed

uc
at
io
n

Pr
op

or
tio

n
of

ch
ar
ts
w
ith

do
cu
m
en

ta
tio

n
of

3
sp
ec
ifi
c

fin
di
ng

s.

N
o
ch
an
ge

in
rig

ht
lo
w
er

qu
ad
ra
nt

te
nd

er
ne

ss
do

cu
m
en

ta
tio

n
(fo

r
ex
am

pl
e)
:

43
.9
%

vs
.3
5.
9%

,9
5%

C
I-
19

to
+
3

20
/2
7

Sc
hn

ie
de

n
&
G
oo

d
A
us
tr
al
ia

(1
99
6)

PP
N

•
Em

er
ge

nc
y

de
pa
rt
m
en

t
•
H
ou

se
O
ffi
ce
rs
&

Ph
ys
ic
ia
ns

Te
m
pl
at
e

20
w
ee
ks

In
te
rv
en

tio
n
gr
ou

p
n
=
50

Ps
yc
hi
at
ric

as
se
ss
m
en

t
te
m
pl
at
es

C
on

tr
ol

gr
ou

p
n
=
50

U
su
al
pa
pe

r
ch
ar
ts

M
ed

ia
n
sc
or
e
(m

ax
=
10
0)

fo
r

ad
eq

ua
cy

of
do

cu
m
en

ta
tio

n
of

25
ite
m
s
in

hi
st
or
y,
ex
am

,a
nd

tr
ea
tm

en
t)
.

•
Si
gn

ifi
ca
nt

in
cr
ea
se

in
m
ed

ia
n

sc
or
e
(3
3
vs

18
;p

<
.0
1)
.

•
Si
gn

ifi
ca
nt

in
cr
ea
se

in
pr
op

or
tio

n
of

ch
ar
ts

do
cu
m
en

tin
g
ed

uc
at
io
n

(p
=
.0
29
),
al
co
ho

l(
p
=
.0
45
),

sm
ok
in
g
(p
=
.0
09
)
an
d
in
te
rv
ie
w

al
on

e
(p
=
.0
00
1)
.N

on
-s
ig
ni
fic
an
t

ch
an
ge

s
fo
r
re
m
ai
ni
ng

to
pi
cs
.

•
O
ve
ra
ll
in
cr
ea
se

in
ps
yc
ho

so
ci
al

hi
st
or
y
do

cu
m
en

ta
tio

n
(9
%

vs
>
1%

,p
=
.0
03
)

•
O
ve
ra
ll
in
cr
ea
se

in
ne

w
ly

do
cu
m
en

te
d
ps
yc
ho

so
ci
al

pr
ob

le
m
s
(1
6%

vs
.1
0%

,p
=
.0
5)
.

18
/2
7

Te
o
et

al
.

A
us
tr
al
ia

(1
99
5)

PF
U
P

•
Pa
ed

ia
tr
ic

em
er
ge

nc
y

de
pa
rt
m
en

t
•
Ph

ys
ic
ia
ns

M
ul
tip

le
In
te
rv
en

tio
n

(e
du

ca
tio

n,
re
m
in
de

r,
an
d
te
m
pl
at
e)

5
w
ee
ks

In
te
rv
en

tio
n
gr
ou

p
n
=
52

Ph
as
e
I:
Ed
uc
at
io
n
an
d
re
m
in
de

rs
to

in
cr
ea
se

th
e
qu

al
ity

of
pe

di
at
ric

as
th
m
a

do
cu
m
en

ta
tio

n
(2

w
ee
ks
).
Ph

as
e
II:

Ph
ys
ic
ia
ns

m
an
da
te
d
to

ad
op

t
an

ac
ut
e

as
th
m
a
pr
of
or
m
a
(3

w
ee
ks
)

C
on

tr
ol

gr
ou

p
n
=
20
4

U
su
al
pa
pe

r
ch
ar
ts
.N

o
sp
ec
ifi
c

ed
uc
at
io
n.

Pr
op

or
tio

n
of

ch
ar
ts
do

cu
m
en

tin
g

ea
ch

of
19

ite
m
s

•
Ph

as
e
Ii
nt
er
ve
nt
io
n
–
ed

uc
at
io
n

an
d
re
m
in
de

rs
–
re
su
lte
d
in

no
st
at
is
tic
al
ly
si
gn

ifi
ca
nt

ch
an
ge

in
do

cu
m
en

ta
tio

n.
•
Ph

as
e
II
in
te
rv
en

tio
n
–

Te
m
pl
at
e/
Pr
of
or
m
a
–

si
gn

ifi
ca
nt
ly
im

pr
ov
ed

do
cu
m
en

ta
tio

n
of

8
of

19
ite
m
s

(p
<
=
.0
3)
.

17
/2
7

Va
n
A
m
st
el

et
al
.

C
an
ad
a

(2
00
4)

PP
N

•
Pe
di
at
ric

te
ac
hi
ng

ho
sp
ita
l

•
Ph

ys
ic
ia
ns

Re
m
in
de

r/
4
w
ee
ks

In
te
rv
en

tio
n
gr
ou

p
n
=
15
3

H
EA

D
SS

(H
om

e,
Ed
uc
at
io
n,
A
lc
oh

ol
,

D
ru
gs
,S
m
ok
in
g,

Se
x)
st
am

p
in

pa
tie
nt

ch
ar
ts
to

re
m
in
d
ph

ys
ic
ia
ns

to
do

cu
m
en

t
th
es
e
da
ta

ite
m
s
in

ch
ar
ts
.

C
on

tr
ol

gr
ou

p
n
=
15
3

U
su
al
pa
pe

r
ch
ar
ts

•
D
iff
er
en

ce
in

pr
op

or
tio

n
of

ch
ar
ts
co
nt
ai
ni
ng

in
fo
rm

at
io
n

on
ps
yc
ho

so
ci
al
pr
ob

le
m
s

re
la
te
d
to
:H

om
e,
Ed
uc
at
io
n,

A
lc
oh

ol
,D

ru
gs
,S
m
ok
in
g,

Se
x

•
Ex
te
nt

of
gl
ob

al
do

cu
m
en

ta
tio

n
•
Pr
op

or
tio

n
of

ch
ar
ts
w
ith

ne
w
ly

do
cu
m
en

te
d
ps
yc
ho

so
ci
al

pr
ob

le
m
s
in

th
e
ab
ov
e
fo
cu
s

ar
ea
s.

•
Si
gn

ifi
ca
nt

in
cr
ea
se

in
pr
op

or
tio

n
of

ch
ar
ts

do
cu
m
en

tin
g
ed

uc
at
io
n
(p

=
.0
29
),
al
co
ho

l(
p
=
.0
45
),

sm
ok
in
g
(p
=
.0
09
)
an
d
in
te
rv
ie
w

al
on

e
(p
=
.0
00
1)
.N

on
-s
ig
ni
fic
an
t

ch
an
ge

s
fo
r
re
m
ai
ni
ng

to
pi
cs
.

•
O
ve
ra
ll
in
cr
ea
se

in
ps
yc
ho

so
ci
al

hi
st
or
y
do

cu
m
en

ta
tio

n
(9
%

vs
>
1%

,p
=
.0
03
)

•
O
ve
ra
ll
in
cr
ea
se

in
ne

w
ly

do
cu
m
en

te
d
ps
yc
ho

so
ci
al

pr
ob

le
m
s
(1
6%

vs
.1
0%

,p
=
.0
5)
.

20
/2
7

Va
si
le
ff
et

al
.

A
us
tr
al
ia

(2
00
9)

PP
N

•
Te
ac
hi
ng

ho
sp
ita
l

•
Em

er
ge

nc
y

de
pa
rt
m
en

t
do

ct
or
s

Fa
ci
lit
at
io
n

(p
ha
rm

ac
is
t

m
ed

ic
at
io
n

ve
rif
ic
at
io
n)

In
te
rv
en

tio
n
gr
ou

p
n
=
29

Pr
e-
ad
m
is
si
on

m
ed

ic
at
io
n
hi
st
or
y

do
cu
m
en

te
d
on

pa
tie
nt
s’
ch
ar
ts
by

ph
ar
m
ac
is
ts
(a
nd

ve
rif
ie
d
by

pa
tie
nt
’s

•
D
is
cr
ep

an
ci
es

in
do

cu
m
en

te
d

m
ed

ic
at
io
n
hi
st
or
ie
s

•
M
ed

ic
at
io
n
er
ro
rs

•
O
ve
ra
ll
de

cr
ea
se

in
un

in
te
nt
io
na
l

m
ed

ic
at
io
n
di
sc
re
pa
nc
y
in

pa
tie
nt
s:
3.
3%

vs
.7
8.
6%

(p
<
0.
05
)

13
/2
7

Lorenzetti et al. BMC Emergency Medicine           (2018) 18:36 Page 6 of 12



Ta
b
le

1
C
ha
ra
ct
er
is
tic
s
an
d
O
ut
co
m
es

of
In
cl
ud

ed
St
ud

ie
s
(C
on

tin
ue
d)

A
ut
ho

r
D
at
e

C
ou

nt
ry

St
ud

y
de

si
gn

a
Se
tt
in
g
Pa
rt
ic
ip
an
ts

In
te
rv
en

tio
n(
s)

D
ur
at
io
n

In
te
rv
en

tio
n
&
C
on

tr
ol

G
ro
up

D
et
ai
ls

O
ut
co
m
es

of
In
te
re
st

Re
su
lts

D
ow

ns
&

Bl
ac
k

Q
ua
lit
y

Sc
or
e

5
w
ee
ks

ph
ar
m
ac
y)
be

fo
re

pa
tie
nt
s
w
er
e
se
en

by
em

er
ge

nc
y
de

pa
rt
m
en

t
ph

ys
ic
ia
ns
.

C
on

tr
ol

gr
ou

p
n
=
45

Ph
ys
ic
ia
ns

do
cu
m
en

te
d
pr
e-
ad
m
is
si
on

m
ed

ic
at
io
ns

on
a
st
an
da
rd

fo
rm

.

•
D
ec
re
as
e
in

av
er
ag
e
nu

m
be

r
of

di
sc
re
pa
nc
ie
s
pe

r
pa
tie
nt

0.
03
%

vs
.2
.5
1%

(p
<
0.
05
).
Re
du

ct
io
n
of

m
is
se
d
do

se
s
of

pr
e-
ad
m
is
si
on

m
ed

ic
at
io
ns

0
vs
.1
.0
4
(p
<
0.
05
)

Vo
ak
la
nd

er
et

al
.

C
an
ad
a

(2
00
0)

PP
C

•
Te
ac
hi
ng

ho
sp
ita
l

•
Em

er
ge

nc
y

de
pa
rt
m
en

t
ph

ys
ic
ia
ns

M
ul
tip

le
In
te
rv
en

tio
n

(e
du

ca
tio

n
an
d

re
m
in
de

r)
13

w
ee
ks

In
te
rv
en

tio
n
gr
ou

p
n
=
32
1
fla
gg

ed
ch
ar
ts
;3
23

un
-fl
ag
ge

d
ch
ar
ts

In
ju
ry

su
rv
ei
lla
nc
e
tr
ai
ni
ng

,p
oc
ke
t

re
m
in
de

r
ca
rd
s,
m
od

ifi
ca
tio

n
of

ex
is
tin

g
em

er
ge

nc
y
de

pa
rt
m
en

t
ch
ar
ts
to

in
cl
ud

e
ch
ar
t
re
m
in
de

r
la
be

ls
,a
nd

sp
ac
e

ad
de

d
fo
r
in
cl
us
io
n
of

ad
di
tio

na
li
nj
ur
y

re
la
te
d
da
ta

C
on

tr
ol

gr
ou

p
n
=
64
5

H
an
dw

rit
te
n
un

m
od

ifi
ed

ch
ar
ts

Pr
es
en

ce
of

14
ke
y
da
ta

el
em

en
ts

in
cl
ud

ed
in

ed
uc
at
io
n

in
te
rv
en

tio
n

•
Si
gn

ifi
ca
nt

in
cr
ea
se

in
m
ea
n

nu
m
be

r
of

10
of

14
do

cu
m
en

te
d
da
ta

el
em

en
ts
-
8.
1

fla
gg

ed
ch
ar
ts
vs

7.
3
un

fla
gg

ed
ch
ar
ts
vs

6.
9
pr
e-
in
te
rv
en

tio
n

(p
<
0.
05
).

•
Si
gn

ifi
ca
nt

de
cr
ea
se

in
do

cu
m
en

ta
tio

n
of

pr
ev
en

tio
n

m
ea
su
re
s:
(1
2.
1%

vs
.2
1.
4%

)
O
R

0.
56

(0
.3
8–
0.
83

C
Ip

>
0.
05
).

•
Si
gn

ifi
ca
nt

in
cr
ea
se

(p
os
t-

in
te
rv
en

tio
n)

in
do

cu
m
en

ta
tio

n
of

ac
tiv
ity

at
tim

e
of

in
ju
ry
,

lo
ca
tio

n
of

in
ju
ry
,a
dd

re
ss

w
he

re
in
ju
ry

oc
cu
rr
ed

,a
du

lt
ob

se
rv
er

pr
es
en

t
an
d
en

vi
ro
nm

en
ta
l

co
nd

iti
on

s
(p
<
0.
05
)

19
/2
7

W
re
nn

et
al
.

U
SA

(1
99
3)

PP
N

•
Te
ac
hi
ng

ho
sp
ita
l

•
H
ou

se
st
af
f

Te
m
pl
at
e

35
w
ee
ks

In
te
rv
en

tio
n
gr
ou

p
n
=
11
29

St
ru
ct
ur
ed

co
m
pl
ai
nt
-s
pe

ci
fic

pa
tie
nt

en
co
un

te
r
fo
rm

s
fo
r
la
ce
ra
tio

n,
cl
os
ed

-h
ea
d
in
ju
ry
,p

ha
ry
ng

iti
s,
an
d

as
th
m
a
av
ai
la
bl
e
to

al
lE
R
ho

us
e-
st
af
f

fo
r
8
m
on

th
s.

C
on

tr
ol

gr
ou

p
n
=
12
76

U
su
al
pa
pe

r
ch
ar
ts

•
Pr
op

or
tio

n
of

ch
ar
ts

do
cu
m
en

tin
g
30

as
pe

ct
s
of

hi
st
or
y,
ph

ys
ic
al
an
d
tr
ea
tm

en
t

•
Pr
op

or
tio

n
of

ch
ar
ts
w
ith

co
m
pl
et
e
pr
es
cr
ip
tio

n
in
fo
rm

at
io
n

•
M
ix
ed

re
su
lts
,r
ep

or
te
d
as

pe
rc
en

ta
ge

s
an
d
od

ds
ra
tio

s,
ac
ro
ss

30
pa
ra
m
et
er
s
of

hi
st
or
y

ta
ki
ng

,p
hy
si
ca
la
nd

tr
ea
tm

en
t
–

ra
ng

e:
97
%

vs
17
%

(O
R
17
6,
p

<
.0
01
)
to

98
.4
%

vs
94
.4
%

(O
R

.2
8
p:

N
S)

•
Si
gn

ifi
ca
nt

in
cr
ea
se

in
pr
op

or
tio

n
of

ch
ar
ts

do
cu
m
en

tin
g
pr
es
cr
ip
tio

n
in
fo
rm

at
io
n
(8
0%

vs
73
%
,

p
=
.0
07
)

19
/2
7

Zi
ck

&
O
ls
en

U
SA

(2
00
1)

PP
N

•
Su
bu

rb
an

le
ve
l1

tr
au
m
a
ce
nt
re

•
Ph

ys
ic
ia
ns

D
ic
ta
tio

n
N
ot

sp
ec
ifi
ed

In
te
rv
en

tio
n
gr
ou

p
n
=
47

D
ra
go

n
N
at
ur
al
ly
Sp
ea
ki
ng

vo
ic
e

re
co
gn

iti
on

so
ftw

ar
e.
30

m
in

tr
ai
ni
ng

fo
r
ph

ys
ic
ia
n.

C
on

tr
ol

gr
ou

p
n
=
47

Tr
ad
iti
on

al
vo
ic
e
tr
an
sc
rip

tio
n
se
rv
ic
es

D
iff
er
en

ce
in

ac
cu
ra
cy

(p
er

ce
nt

of
w
or
ds

co
rr
ec
t
in

do
cu
m
en

t).
D
ec
re
as
e
in

ac
cu
ra
cy

of
w
or
ds

do
cu
m
en

te
d
(9
8.
5%

vs
99
.7
%

-
ch
an
ge

of
−
1.
2;
C
I(
−
1.
5
to

−
0.
8)
)

17
/2
7

a C
SN

cr
os
s
se
ct
io
na

ls
tu
dy

w
ith

co
nt
ro
l,
PF
U
P
pr
os
pe

ct
iv
e
fo
llo
w
-u
p
w
ith

co
m
pa

ris
on

,P
PC

pr
e-
po

st
co
m
pa

ris
on

,P
PN

pr
e-
po

st
no

co
m
pa

ris
on

,R
CT

ra
nd

om
iz
ed

co
nt
ro
lle
d
tr
ia
l,
RF
U
P
re
tr
os
pe

ct
iv
e
fo
llo
w
-u
p
w
ith

co
m
pa

ris
on

,T
SS

tim
e
se
rie

s
st
ud

y

Lorenzetti et al. BMC Emergency Medicine           (2018) 18:36 Page 7 of 12



missed or incorrect medication doses prescribed to pa-
tients [42].

Reminders
In two studies (both pre-post without controls), re-
searchers found that reminders, in the form of physician
question lists or chart stamps, significantly improved the
quality (presence of specified items) of physician docu-
mentation when compared with unformatted paper
charts [43, 44]. While De Winter et al. (2011) reported a
significant decrease in the number of drug history omis-
sions, Van Armstel et al. (2004) noted a significant in-
crease in overall documentation [43, 44].

Templates/forms
Seven studies (two cross-sectional control, four pre-post
without control, one RCT) compared templates to
unformatted paper charts [25, 45–50]. Three studies
(two cross-sectional control, one pre-post without con-
trol) reported significant improvements in physician
documentation [45, 46, 49]. The remaining four studies
(three pre-post without control, one RCT) reported
mixed results in intervention effectiveness [47, 48, 50,
51]. Kondziolka et al. (1989) noted improvements in re-
cordings of incident time, patient transfer time, and
medical history, but a decrease in the presence of patient
treatment plans [47]. O’Connor et al. (2001) found that,
while templates resulted in a significant mean increase
in a number of “key content items,” the only consistent
improvement was in the recording of physicians’ names
[48]. Wrenn et al. (1993) reported that templates signifi-
cantly improved physicians’ recording of patient pre-
scription information, yet achieved mixed results in the
documentation of 30 items relevant to history taking,
physicals, and the treatment of patients with asthma,
lacerations, pharyngitis, or closed head injuries [50].
Finally, a randomized controlled trial by Marill et al.
(1999) found that the use of templates did not signifi-
cantly reduce patients’ time to treatment [51].

Multiple interventions
Four studies (one pre-post without control, one pre-post
control, two prospective follow up with comparison)
assessed the impact of multi-interventions on the quality
of physician documentation [52–55]. While all studies
included an education component, they varied in the
type and number of other interventions that were in-
cluded. One study included audit/feedback and re-
minders; one templates; one reminders; and, one
reminders and templates. Two of the four studies (one
pre-post without comparison, one prospective follow up)
reported positive results associated with the use of
multi-interventions to improve documentation quality.
Carter et al. (2009) found improvements in the

completeness of physicians’ chart documentation as a re-
sult of lectures, pocket reminders, and case-specific
chart audit/feedback, and Dexter et al. (2008) reported
that templates and education enhanced the richness
(presence and completeness) and legibility of physicians’
chart documentation in an otolaryngology emergency
clinic [52, 53]. In contrast, Teo et al. (1995) found that,
while the introduction of templates did improve physician
documentation of required items for asthma diagnosis and
reporting in a pediatric emergency department, education
and reminders did not result in any significant increase in
the presence and completeness of asthma documentation
[54]. Finally, Voaklander et al. (2000) reported that pocket
cards and chart labels significantly increased the number
of items recorded for pediatric injuries, including activity
at the time of injury, yet decreased documentation of in-
jury prevention measures [55].

Discussion
Accurate and complete physician documentation is essen-
tial to ensuring that patients receive appropriate and
timely care [56]. In environments where increasing num-
bers of healthcare organizations are digitizing patient
health data and enabling data sharing among healthcare
providers and health researchers, it is increasingly essen-
tial to ensure that these data are of the highest quality.
Our study identified a number of promising strategies to
improve the accuracy, completeness, and overall quality of
physician documentation in EDs with and without access
to EMRs. These included audit/feedback, pharmacist-led
medication reconciliation, paper or electronic templates,
and multi-pronged education interventions. To our know-
ledge, this is the first systematic review of the effectiveness
of interventions to improve ED documentation.
Our findings mirror those of related studies on the ef-

fectiveness of interventions to improve written and
verbal communication in hospital settings [3, 5, 57].
Prior research in non-ED settings indicates that active
(e.g. audit/feedback or templates) and/or multifaceted
interventions that explicitly engage participants may be
more effective than passive interventions (e.g. printed
education materials) in effecting lasting changes in phy-
sicians’ documentation behavior [15, 58–61]. While the
findings from our review tend to confirm that active in-
terventions such as audit/feedback, reminders, or tem-
plates and/or multiple interventions may improve
physician documentation, we did observe mixed results
with respect to documentation comprehensiveness and
accuracy when these interventions were introduced into
ED settings [26, 44, 47, 48, 50, 51, 54, 55]. The quality of
the studies identified in this review, and variability in
settings, outcome measures, and intervention duration
across studies may have contributed to this finding;
when appropriately designed for the context or
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environment in which they will operate, these interven-
tions may prove even more effective in supporting im-
provements in physician documentation.
While many emergency settings are currently using, or

considering implementing, electronic medical documenta-
tion systems to track patient care, the accessibility, usabil-
ity, and time required to use EMR systems can, particularly
in high pressure environments such as EDs, present bar-
riers to achieving improvements in both physician docu-
mentation and associated patient care [34]. Although
EMRs and other technologies may facilitate improvements
in the quality of ED physician documentation, it is ultim-
ately how these technologies are designed, implemented,
and used that will determine their effectiveness [62]. For
example, while many EMRs systems incorporate electronic
templates into their design, templates do not, as this review
suggests, in and of themselves guarantee the comprehen-
siveness and accuracy of the documentation recorded
therein. Similarly, the mere presence of an EMR system
does not automatically improve the quality of ED patient
data; indeed, EMRs can perpetuate, even exacerbate, exist-
ing deficits in physician documentation [34]. When inad-
equately designed, implemented, or used, they may be no
better, and perhaps worse, than unformatted paper charts
[22, 23, 34, 63–65]. Further, as many emergency physicians
continue to rely on paper charts or hybrid systems to rec-
ord, track, and communicate the progress of patient care,
no one documentation-improvement strategy may be ef-
fective in all settings.
Successful approaches will likely be those that can

adapt to different settings, be seamlessly integrated into
existing workflows, and garner widespread acceptance
from all relevant stakeholders [66]. While our review
found that interventions such as structured templates
can improve the quality of paper and presumably elec-
tronic documentation, the increasing adoption of EMRs
in EDs and other healthcare settings continues to re-
quire and inspire the development of a multitude of in-
novative solutions to facilitate the timely creation of
comprehensive and accurate patient records [67]. For
example, medical scribes, or “nonlicensed health care
team members that document patient history and phys-
ical examination contemporaneously with the encoun-
ter” have been incorporated into EDs and other settings
to improve the speed and comprehensiveness of phys-
ician documentation [68]. While studies evaluating the
impact of medical scribes have reported positive out-
comes with respect to patient flow and patient-provider
satisfaction outcomes, medical scribes may also
promote the creation of comprehensive high-quality
patient care records [68, 69]. Traditional health infor-
mation management specialists can also play a role in
monitoring and promoting the quality of both paper
and EMR records.

Opportunities also exist to incorporate advances in arti-
ficial intelligence and machine learning into chart docu-
mentation processes [70, 71]. In the future, it may be
possible to embed artificial intelligence technologies, in-
cluding machine learning, into EMR systems to alert phy-
sicians to patient information or physician orders that are
potentially inaccurate, imprecise, incomplete, or inappro-
priate [72–79]. In Alberta, Canada efforts are underway to
implement an EMR that will allow health information
management specialists to conduct automatic documenta-
tion checks prior to patient visits, during care, and post
discharge [80]. These checks will facilitate the consolida-
tion of medication lists and allergies, and identify and alert
physicians in real time to missing and incomplete chart
information, and/or contradictions between patient histor-
ies and orders for medications or investigations.
While our review found little evidence of the effective-

ness of speech recognition software in ED settings, recent
advances in software development, machine learning, and
bedside data capture suggest that effective, reliable, and ef-
ficient approaches to improving the quality of electronic
patient notes may soon become commonplace [81–83]. In
a recent study, Payne and colleagues described the devel-
opment of a mobile app to convert voice-recorded patient
notes into EMR-compatible text [83]. Other studies have
reported on the development of automated or “digital
scribes” to record and convert speech to text [81, 82]. Re-
searchers at Stanford University (United States) are de-
signing “digital scribe” software that will incorporate
artificial intelligence and voice recognition to enable phy-
sicians to create comprehensive, quality patient data that
can be uploaded to EMR systems in real time [81]. Other
researchers at the University of California at Berkley
(United States) have also described the creation of a
prototype “automated medical scribe” that relies on
“speech-processing modules” to “convert a transcribed
spontaneous conversation into a concise and fully format-
ted report” [82]. If successful, these and similar initiatives
may facilitate the creation of quality of electronic patient
data, while simultaneously reducing administrative and
workflow burdens associated with EMR systems [84].
Although ongoing technological advances may radic-

ally improve the quality of physician documentation, it is
important to note that transforming documentation
practices also requires changing learned behavior, or
habits. Habits are patterns of behavior that are “acquired
through incremental strengthening [repetition] of the as-
sociation between a situation (cue) and an action [85].”
As habits are formed over sustained periods of time, in-
terventions designed to alter behavioral norms should
similarly be of long duration. In a recent study on habit
formation, researchers determined that while some indi-
viduals can easily adopt new personal and professional
habits, others require much longer periods of time to
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alter behavioral norms [85]. Behavioral theorists further
suggest that personal and environmental factors, including
individual motivation and organizational culture and
norms, can profoundly impact behavior change [86, 87].
Thus, the extent to which improvements in ED documen-
tation are valued above other competing personal or
organizational objectives, such as organizational expecta-
tions with respect to patient turnover, may affect the up-
take and impact of these interventions. To effect lasting
and meaningful improvements in ED documentation, it
may be necessary to directly involve all stakeholders, in-
cluding physicians and residents, in selecting, contextual-
izing, implementing, and conducting ongoing evaluations
of multifaceted approaches to improving documentation
quality in EDs [57, 61].
This study has caveats and limitations. While we

employed an extremely comprehensive search strategy,
inconsistencies in the indexing of studies in electronic
databases and our decision to restrict our search to Eng-
lish or French language publications, may have impacted
on our ability to identify all relevant studies. Further,
variability in study design and outcomes assessed across
studies limited our ability to quantitatively compare the
outcomes from individual studies, and assess the overall
effectiveness of many of these approaches. Finally, the
preponderance of pre-experimental studies (n = 18) in-
cluded in this review suggests that the literature on ED
physician documentation improvement is yet in its in-
fancy, and that further research is required to determine
how best to encourage documentation improvements in
these settings.

Conclusions
As more hospitals and primary care centers implement
EMRs, healthcare providers, researchers, and decision
makers will increasingly rely on patient health records to
facilitate patient care, research, and health system plan-
ning; the need for accurate and complete physician
documentation will only increase. At the systems level,
documentation quality should and can be an indicator of
health system performance. Achieving improvements in
physician documentation is a complex process, requiring
the active support of various stakeholders, and the im-
plementation of systems that can be adapted to the de-
mands of existing workflows, and the availability of
adequate ongoing training [88]. While this review sug-
gest that audit/feedback, reminders, templates and/or
multiple interventions are potentially promising ap-
proaches to improving physician documentation, further
research is needed to confirm these findings, and explore
other approaches, including machine-learning and other
emerging technologies, to advance ongoing improve-
ments in physician documentation in ED settings.
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