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Effect of an electronic medical record
information system on emergency
department performance

lectronic medical record

(EMR) systems have the

potential to improve quality of
health care, streamline workflow and
increase efficiency in the health care
system.> However, potential prob-
lems have also been identified, such
as the cost of implementing and
maintaining EMR systems, and the
skills and training needed for using
them."?

Despite the proposed benefits and
pitfalls of EMR systems, there is im-
ited research on their effectiveness.”™
Specifically, there is a lack of data
regarding their effect on definable
clinical end points, such as patient
mortality.? Locally developed systems,
designed around local procedures and
conditions and implemented from the
ground up, have shown benefit.®®
Specific computer-assisted decision
support has also been shown to be of
benefit.”? A clinical information sys-
tem must be fit for purpose for any
gain to be made.'

FirstNet (Cerner), an EMR system,
has been introduced in emergency
departments (EDs) around New
South Wales since 2007. This system
replaced the Emergency Department
Information System (EDIS; Health-
care Group, CSC), which was previ-
ously used in most NSW EDs and is
still in use in some. Despite limited
literature indicating that FirstNet has
decreased performance in EDs in
Australia,’®!! and reports of problems
with Cerner programs overseas, > 1°
there were no objective quantitative
data to substantiate these concerns.

FirstNet was introduced to the
Nepean Hospital ED in March 2009.
All medical documentation became
electronic, including doctors” exami-
nation notes, nursing progress notes,
patient observations, and electronic
ordering of pathology and radiology

Objective: To determine whether implementation of the Cerner FirstNet
electronic medical record system was associated with any change in emergency
department (ED) performance.

Design, setting and patients: A retrospective observational study conducted
during a 6-month period in 2009 after the introduction of FirstNet and a
corresponding 6-month control period in 2008 when the Emergency
Department Information System (EDIS) was operational. Data from all patients
presenting to the ED during each period were extracted from each system and
analysed for changes in key performance indicators (KPIs). Potential
confounding variables, including total number of ED presentations, ED
occupancy, ED staffing levels and triage category distribution, were also
collected.

Main outcome measures: Waiting time for all patients; waiting time, treatment
time and total time for patients discharged from the ED; proportion of patients
who did not wait to be seen by a doctor (DNW rate); and proportion of
ambulance offload waiting times longer than 30 minutes.

Results: We found a reduction in performance with respect to ED KPIs after
implementation of the FirstNet system. There were increases in the waiting time
for all patients (median, 40 min v 78 min), and the waiting time (median, 49 min
v 87 min), treatment time (median, 128 min v 147 min) and total time (median,
214 min v 280 min) for patients discharged from the ED. There were increases in
the DNW rate (8.3% v 15.6%) and the proportion of ambulance offload times

longer than 30 minutes (10.5% v 13.3%). All differences were statistically

significant (P < 0.05).

Conclusion: Implementation of the FirstNet electronic medical record system
was associated with deterioration in ED KPIs.

investigations. Our study’s aim was to
determine whether the implementa-
tion of FirstNet was associated with
an improvement or decline in key
performance indicators (KPIs) of
patient flow in the Nepean Hospital
ED.

We conducted a retrospective obser-
vational study comparing ED per-
formance before and after FirstNet
was introduced on 24 March 2009.
Nepean Hospital is a 453-bed terti-
ary referral and teaching hospital
serving the western suburbs of Syd-
ney, NSW. The ED sees about 54 000
patients each year, with a 20% pae-
diatric caseload and a 36% admis-
sion rate.

The control group consisted of
patients presenting during the 6-
month period from July to December
2008, when EDIS (version 9) was in
use. During this period, only patient
triage and tracking was electronic,
with all other ED functions relying on
paper documentation. The study
group consisted of patients present-
ing during the 6-month period from
July to December 2009. This period
was considered appropriate because
the new FirstNet EMR system had
then been operational for more than
3 months. The version of FirstNet in
use at Nepean Hospital was the
standardised state-based build slated
to be introduced across all hospitals
in NSW.

Outcome measures were: waiting
time for all patients; waiting time,
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1 Definitions

Discharged patients: patients who were assessed by an emergency department (ED)
medical officer, including receiving any investigations and treatment, and discharged home

2 Emergency department presentations per triage category,

July — December, 2008 and 2009

i * t
from the ED. Excludes patients who did not wait for medical review. Triage category 2008 2002
o) 0,
Waiting time: time from arrival to when first seen by a medical officer. [ 210 (0-8%) 196 (0.8%)
O, l)
Treatment time: time from when first seen by a medical officer to discharge from the ED. 2 2R () B9 ([820)
. . ) . 3 9171 (35.8%) 9391 (35.9%)
Total time: time from arrival to discharge from the ED.
4 9122 (35.6%) 9850 (37.7%)
ED occupancy: number of patients in the ED, including patients yet to be seen by a doctor, o o
patients undergoing assessment and treatment in the ED, and admitted patients boarded in 5 2825 (11.0%) 2452 (9.4%)
the ED.'® Mean daily ED occupancy was calculated based on hourly census calculations Total 25620 (100%) 26128 (100%)
(number of patients present in the ED plus number of presentations to the ED minus number
departing the ED each hour) averaged over the 24-hour period. PS * Control period (Emergency Department Information System). T Study

treatment time and total time for dis-
charged patients (see definitions in
Box 1); proportion of patients who did
not wait to be seen by a doctor (DNW
rate); proportion of ambulances with
offload waiting times longer than 30
minutes; and mean number of
patients seen per non-specialist doc-
tor per shift.

We also collected data on potential
confounding variables: number of pres-
entations to the ED; number of presen-
tations by Australasian Triage Scale
category; mean daily ED occupancy;
and number of shifts worked per week
by ED specialists and non-specialists.
For this analysis, mean daily ED occu-
pancy (Box 1) was used as a measure of
overcrowding. Data relating to access
block were not collected.

The numbers of shifts worked by
medical staff were retrieved from ED
rosters. The number of patients seen
by each doctor per shift was extracted
from EDIS but could not be extracted
from FirstNet. Therefore, a mean
number of patients seen per doctor
per shift was calculated using the
FirstNet data on presentations and
staffing levels.

The data were imported into SPSS
version 19 (IBM). The distribution of
waiting time, treatment time and total
time was non-normal, and these
results are reported as medians with

period (Cerner FirstNet).

interquartile ranges and compared
using the Mann—-Whitney U test. All
proportional data were compared
using the Pearson y* test. The mean
number of patients seen per non-
specialist doctor per shift and ED
occupancy were compared using the
independent f test. We used statistical
modelling to attempt to control for
the effect of potential confounding
variables (see Appendix online at
mja.com.au for details).

Ethics approval for the study was
granted by the Sydney West Area
Health Service Human Research Eth-
ics Committee, Nepean Campus.

There were 25620 presentations in
the 2008 control period and 26128 in
the 2009 study period. Triage category
distribution was similar in each period
(Box 2).

There were too few patients in
triage category 1 for meaningful ana-
lysis of this subgroup. We also found
that data on disposition status (did
not wait v discharged v admitted) for
most patients presenting in July and
August 2009 were missing in FirstNet.
Therefore, only ambulance offload
data could be analysed for the full 6
months. All other comparative meas-
ures used data from September to

3 Comparison of waiting time for all patients, September — December, 2008 and 2009

No. of patients*

Waiting time (min), median (IQR)

Triage category 2008t 2009¢ 2008t 2009* P*

2 2484 2809 40 (9-110) 15 (7-34) <0.001
3 5212 5285 42 (10-118) 129 (54-244) <0.001
4 5618 5124 38 (9-110) 101 (43-211) <0.001
5 1851 1243 39 (10-103) 55 (24-114) <0.001
Overall 15298 14581 40 (10-111) 78 (25-184) <0.001

IOR = interquartile range. * Excludes patients who did not wait for medical review. There were too few patients in triage category 1
for meaningful analysis of this subgroup. Overall figures include all triage category 1 patients for whom data were available.
1 Control period (Emergency Department Information System).  Study period (Cerner FirstNet). $ Mann—Whitney U test. *
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December only of the control and
study periods (16 976 and 17 281 pres-
entations, respectively).

There was a statistically significant
increase in waiting time for all
patients (Box 3) and in waiting time,
treatment time and total time for dis-
charged patients (Box 4), both overall
and for most triage categories. The
waiting time for triage category 2, for
all patients and discharged patients,
was shorter after the introduction of
FirstNet, but treatment time and total
time increased for discharged patients
in this category. Treatment time for
triage category 4 patients discharged
from the ED was also shorter after the
introduction of FirstNet, but there was
no improvement in waiting time or
total time for these patients. There
was also a reduction in treatment time
and total time for category 5 patients
discharged from the ED.

After the introduction of FirstNet,
there was a statistically significant
increase in the DNW rate and the
proportion of ambulances with
offload waiting times longer than 30
minutes, and a decrease in the mean
number of patients seen per non-
specialist doctor per shift (Box 5). The
daily medical officer roster was
unchanged between the control and
study periods. However, there was a
significant decrease in the mean
number of shifts actually worked by
both specialists and non-specialists,
due to staff vacancies and sick leave.
Mean ED occupancy was similar in
the two study periods.

After adjusting for the effect of total
presentations, specialist and non-spe-
cialist staffing, and ED occupancy, the
mean total time for discharged
patients was 41 minutes longer (95%
CI, 29-53; P<0.001) in 2009 than
2008. Similarly, the DNW rate
remained 6.0 percentage points



4 Comparison of waiting time, treatment time and total time for discharged patients,* September — December,2008 and 2009

No. of patientst

Waiting time (min), median (IQR)

Treatment time (min), median (IQR)

Research

Total time (min), median (IQR)

::r;ltaeggeory 2008* 2009* 2008* 2009* p® 2008* 2009* = 2008¢ 2009* p®

2 1434 962 49 (12-116) 16 (8-37) <0.001 127(53-238) 282 (177-437) <0.001 208 (119-343) 308 (209-468) < 0.001
3 2087 2716 51(15-125) 139(59-258) <0.001 127 (54-240) 198 (108-324) <0.001 217 (121-352) 375 (238-543) < 0.001
4 3377 3548 46 (13-118) 95(41-202) <0.001 129(55-236) 103 (49-208) <0.001 214 (116-348) 236 (138-395) < 0.001
5 1066 985 50 (15-T13)  57(25-117) 014 122(56-241) 70 (33-146)  <0.001 209 (120-330) 157 (90-270) < 0.001
Overall 8941 8237 49 (14-119) 87(32-195) <0.001 128(55-238) 147 (64-276) <0.001 214 (119-348) 280 (158-447) < 0.001

IOR = interquartile range. * Some patients were missing time variable data in FirstNet and were excluded from analysis for that time variable but could be included for analysis of other
time variables if data were present. t Excludes patients who did not wait for medical review. There were too few patients in triage category 1 for meaningful analysis of this subgroup.
Overall figures include all triage category 1 patients for whom data were available. + Control period (Emergency Department Information System). ¢ Study period (Cerner FirstNet).

4 Mann—-Whitney U test.

5 Comparison of did not wait rate, ambulance offload > 30 min, number of patients seen per non-specialist per shift, staffing
levels and emergency department (ED) occupancy, 2008 and 2009*

2008f 2009¢ Difference (95% CI) P
Did not wait rate 8.3% (1406/16976)  15.6% (2691/17 281) 73% (6.7%t0 81%) < 0.001
Ambulance offload waiting time >30 min 10.5% (814/7726) 13.3% (1064/7981) 2.8% (1.8%t03.8%) <0.001
Mean number of patients seen per non-specialist per shift 734 7.05 0.29 (0.22t0 0.57) 0.04
Mean number of non-specialist shifts worked per week 121.8 118.6 3.2(0.6t05.9) 0.02
Mean number of specialist shifts worked per week 199 16.4 35(22t04.7) <0.001
Mean daily ED occupancy (number of patients) 356 37.2 1.6 (-1.4t0 4.6) 0.27

* For both years, ambulance offload data are for the 6-month period from July to December. All other data are for September to December only.
1 Control period (Emergency Department Information System). t Study period (Cerner FirstNet).

higher (95% CI, 4.8-7.0; P<0.001) in
2009 than 2008.

Overall, there was a significant
increase in the waiting time for all
patients, and the waiting time, treat-
ment time and total time for dis-
charged patients after the
introduction of Cerner FirstNet in the
Nepean Hospital ED compared with
the control period.

ED efficiency is affected by many
factors both within and outside the
ED, including the time taken for inpa-
tient team reviews and “acceptance”
of an admission, waiting for a bed on
the ward, and completion of clerical
and clinical documentation. In a ret-
rospective observational study, it is
not possible to directly control for
these confounding variables. How-
ever, as discharged patients are the
group whose care is least affected by
these confounding factors, studying
this group attempts to isolate actual
changes in ED efficiency from the
effects of these factors.

For all patients as well as dis-
charged patients, we found that
waiting time for those in triage cate-

gory 2 was significantly shorter in the
study period than the control period.
Changes to ED workflow in response
to poor performance in standard
KPIs is a continuous process, and it
may be that there was some change
in work practice to try to improve the
category 2 performance. However,
the treatment time and total time for
discharged category 2 patients were
still significantly longer in the study
group. Thus, any benefit from the
decreased waiting time in this cate-
gory was not sustained through to
total time in the ED. For triage cate-
gory 4 patients, treatment time was
reduced in the study period, but
again this was not borne out in a
reduction in total time for these
patients.

In contrast, waiting time for all
patients in triage category 5 was
increased in the study period. How-
ever, treatment time and total time for
discharged patients in this group were
shorter with FirstNet. Category 5
patients are largely seen in the fast-
track area of the ED. They do not
occupy a bed for the period of their
assessment and treatment and thus
are generally not affected by ED over-
crowding or access block for ward

admissions. It could be that there is
some benefit from FirstNet for these
patients.

The increases in the DNW rate and
the proportion of ambulances waiting
more than 30 minutes to offload, and
the decrease in the mean number of
patients seen per non-specialist doc-
tor per shift indicate overall deteriora-
tion in the performance of the ED
after implementation of FirstNet.!”18
This could potentially increase ED
overcrowding because even a small
decrease in treatment rate is cumula-
tive, as it causes further increases in
the number of patients waiting ahead
of new arrivals.'” Worldwide, studies
in different centres have found an
association between overcrowding
and reduced access to care, decreased
quality measures and poor out-
comes,*” including increasing mortal-
ity as overcrowding in EDs
increases.!”%

We used ED occupancy as a
marker of ED overcrowding, to
assess any confounding effect it may
have on the efficiency of care for
discharged patients. There was no
significant difference in ED occu-
pancy in the two study periods,
despite the significant change in ED
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performance. This is likely due to the
large increase in total time for dis-
charged patients being offset by the
large increase in the proportion of
patients who did not wait.

We chose to sample 6 months of
presentations to limit the effect of
potential confounding variables such
as seasonal variations, staffing
changes and chance variability in
caseload and casemix between the
two periods, and we matched the
periods of the year for which we col-
lected data. Junior medical officers
change terms every 10 weeks to 3
months, and it is possible that staff
relatively new to the ED with little
experience in using FirstNet could
have affected the results. However,
the term changes are similar from year
to year, and we would expect the
findings to have been controlled by
examining the same 6-month period
of each year. As patient presentations
per triage category were similar in the
control and study periods, it is
unlikely that differences in patient
distribution across categories were
responsible for any of the findings of
this study.

Staffing levels were lower in the
study period than the control period
and this could have affected ED per-
formance, as fewer doctors may lead
to longer waiting times.?? However,
the deterioration in total time per-
formance and DNW rate remained
after adjusting for the measured con-
founders. Specialists in our ED do not
have a distinct patient load; they have
a supervisory role to ensure quality of
care and patient flow. For this reason,
we only measured the mean number
of patients seen per non-specialist
doctor per shift.

Another possible confounder is a
learning effect of the new EMR sys-
tem. FirstNet was operational for
more than 3 months before the study
period, and all medical staff had
undergone the prescribed training
before its introduction. As medical
and nursing staff may rotate through
the ED for variable periods of as little
as 10 weeks, if the learning effect is
greater than 3 months, then they will
have spent a large part of their time in
the ED learning the system without
ever becoming adept at using it.

Although we performed statistical
modelling to attempt to control for
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the effect of the measured confound-
ing variables, this process is limited,
as the functional relationships
assumed by our modelling may not
match the non-linear nature of the
data. Also, it is acknowledged that
statistically adjusting for confounders
has its own limitations and cannot
account for unknown and unmeas-
ured factors.

An important post-hoc finding was
the poor quality of data for the first 2
months of the study period, especially
with respect to patient disposition.
For this reason, we could only use 4
months of data from the control and
study periods. In addition, there were
missing data points for some time
measurements.

Since the second half of 2009, when
the study data were collected from
FirstNet, there have been upgrades to
the software. However, these have
been largely cosmetic, such as the
design of the discharge summary and
the appearance of the tracking screen,
or addressing issues of patient safety,
such as introducing standard checks
when ordering radiology investiga-
tions and highlighting the patient row
when accessing a patient’s record. It is
not clear whether these changes
would lead to significant improve-
ments in ED performance.

Overall, we found that implemen-
tation of Cerner FirstNet was associ-
ated with deterioration of the
performance of the Nepean Hospital
ED with respect to the measured
outcomes.
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