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ABSTRACT

OBJECTIVE.Our goal was to determine if there were any changes in risk-adjusted
mortality after the implementation of a computerized provider order entry system
in our PICU.

METHODS. Study was undertaken in a tertiary care PICU with 20 beds and 1100
annual admissions. Demographic, admission source, primary diagnosis, crude
mortality, and Pediatric Risk of Mortality III risk-adjusted mortality were ab-
stracted retrospectively on all admissions from the PICUEs database for the period
October 1, 2002, to December 31, 2004. This time period reflects the 13 months
before and 13 months after computerized provider order entry implementation.
Pediatric Risk of Mortality III mortality risk adjustment was used to determine
standardized mortality ratios.

RESULTS.During the study period, 2533 patients were admitted to the PICU, of which
284 were transported from another facility. The 13-month preimplementation
mortality rate was 4.22%, and the 13-month postimplementation mortality rate
was 3.46%, representing a nonsignificant reduction in the risk of mortality in the
postimplementation period. The standardized mortality ratio was 0.98 vs 0.77,
respectively, and the mortality rate for the transported patients was 9.6% vs
6.29%. This yields a nonsignificant mortality risk reduction in the postimplemen-
tation period. The standardized mortality ratio was 1.10 preimplementation versus
0.70 postimplementation. Analysis of the 13-month preimplementation versus
5-month postimplementation periods showed a non–statistically significant trend
in reduction of mortality for all PICU patients and for transported patients.

CONCLUSIONS. Implementation of a computerized provider order entry system, even
in the early months after implementation, was not associated with an increase in
mortality. Our experience suggests that careful design, build, implementation, and
support can mitigate the risk of implementing new technology even in an ICU
setting.
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THE FREQUENTLY QUOTED REPORT “To Err Is Human:
Building a Safer Health System” by the Institute of

Medicine1 led the government, business leaders, and
health care consumers to question the safety of our
current medical system. One of the most frequently
proposed safety measures advocated as a means for in-
creasing patient safety includes the use of electronic
medical records (EMRs) and, specifically, the use of com-
puterized provider order entry (CPOE). These systems
include various levels of decision support ranging from
dose and allergy checking to drug-interaction checking
and more complex clinically driven rules. The Leapfrog
Group includes CPOE implementation as one of the
core benchmarks that it advocates for improving patient
safety.2

Despite these initiatives, according to a 2002 survey,3

�10% of US hospitals have CPOE fully implemented.
Even among academic health centers only 24% of re-
cently sampled institutions had CPOE completely avail-
able.4 Although the initial adoption of CPOE systems has
been slow because of the high costs of implementation
and the difficulties in change management, there has
been a gradual increase in the number of institutions
that have either implemented or are in the process of
implementing such systems. In a 2005 survey,5 the rate
of adoption of CPOE in nonacademic institutions ex-
ceeded the increase in that for academic institutions for
the first time.

We at the Children’s Hospital and Regional Medical
Center (CHRMC) of Seattle, Washington, embarked on
the road to an EMR several years ago in the belief that it
would directly improve the quality and safety of the care
we provide. Having a clinical database would also allow
us to analyze the quality and cost-effectiveness of care
and dramatically expand our clinical research capabili-
ties. Our institution’s journey toward an EMR moved
through several phases. The first phase went live in July
2002 and allowed clinicians to view results (demo-
graphic visit data, laboratory data, radiology reports, and
dictated documents) from any computer in our hospital
system or through a secure Web portal. Our next phase
(CPOE) was implemented throughout the inpatient and
emergency department areas in November 2003 as part
of a hospital patient-safety initiative.

A previous report from another tertiary care chil-
dren’s hospital, by Han et al,6 called into question the
patient-safety benefits of CPOE with regard to mortality
in the critical care setting. The authors suggested that an
increase in mortality after implementation of CPOE may
have been the result of several factors including process
changes associated with their implementation. If this
finding were replicated at other sites with CPOE, it
would understandably make other health care organiza-
tions wary of implementing CPOE systems. This article
has been widely discussed in the medical community
and national periodicals.

The CHRMC has a unique ability to provide another
perspective in this discussion, because we implemented
the same commercially available product as Children’s
Hospital of Pittsburgh (CHP). Our implementation was
one of the first full-scale implementations of a modern,
commercially available (non–character-based main-
frame application using a graphical user interface) CPOE
system in a pediatric hospital and was implemented �1
year after CHP’s implementation. Given the high profile
of the patient-safety initiatives regarding CPOE and the
media attention that resulted from the previous article,
we undertook this study to determine if CPOE was as-
sociated with any change in mortality in our PICU pop-
ulation in the immediate postimplementation period
and over a longer time frame after our implementation.

METHODS

Setting and Study Population
The CHRMC is the tertiary referral center that serves a
large geographic catchment area that includes the states
of Washington, Wyoming, Alaska, Idaho, and Montana.
The hospital is served by local emergency medical ser-
vices as well as a medical airlift system that serves the
entire referral area. At the time of CPOE implementa-
tion, the hospital had �200 inpatient beds and 17 ICU
beds. In January 2004, the number of inpatient beds was
increased to 250 and the number of PICU beds increased
from 17 to 20. The hospital has �11 000 inpatient ad-
missions per year, of which 1100 are PICU admissions.
On average, 10% of all PICU admissions (�110 patients)
are transported from another institution.

Clinical data including demographic, diagnostic, and
outcome data have been entered for all CHRMC PICU
admissions into the PICUEs 3.2.3 database since Septem-
ber 2002. PICUEs 3 software is a proprietary database
that was and continues to be used to track our PICU
patients. This database contains demographic data, diag-
nostic data, risk adjustment using Pediatric Risk of Mor-
tality (PRISM) III, and outcome data. Demographic, ad-
mission source, primary diagnosis, crude mortality, and
PRISM III risk-adjusted mortality were abstracted retro-
spectively on all admissions from the PICUEs database
for the period October 1, 2002, to December 31, 2004.
This time period reflects the 13 months before and 13
months after CPOE implementation. The 13-month pe-
riod before implementation was compared with both a
5-month and 13-month period after implementation to
reflect short-term and long-term effects.

CPOE System
The CPOE system (Powerchart Orders) implemented at
the CHRMC is a module of the Millenium Powerchart
software system (Cerner Corporation, Kansas City, MO).
This is the same software platform implemented in the
Han et al study of CPOE,6 which examined mortality in
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the ICU setting of a tertiary pediatric center. Both our
institution and the institution in the previous study im-
plemented CPOE on the Millennium 7.8 product.

The CPOE systems of both institutions included real-
time decision support in the form of allergy checking,
dose checking, and custom rules. In addition, our imple-
mentation consisted of �230 disease and/or departmen-
tal order sets, 2500 order “sentences,” and a high degree
of filtering (code-set filtering) that were designed to
provide the most frequently needed orders while mini-
mizing the number of “clicks” required by a provider to
enter an order. An order sentence has the required
order elements presented in a sentence-like structure.
For example, to order ceftriaxone, a physician would log
on, select the patient from a location list (ie, PICU), open
the orders window and type “ceftr.” The system would
search and bring to the front of the choice list what
the provider typed. The entire word would not need to
be entered. The provider would click on “ceftriaxone,”
and an order-sentence window containing 12 clinical
indications and dosing schema for that medication
would appear. Clicking on the appropriate sentence (eg,
“50 mg/kg IV Q12 hrs, Meningitis; Infants �1 month
and children”) would then fill in all the necessary ele-
ments for that order and not require the provider to
enter in serial fashion the dose, dose unit, route, fre-
quency, and frequency unit. Similar frequently ordered
medications (including infusions), laboratory, radiology,
and nursing care orders sentences combined with order
sets were built before the implementation. The majority
of cardiovascular infusions were built as a limited set of
standardized drip orders.

Every clinical division (ie, nephrology, general sur-
gery, psychiatry, transplant surgery, etc) was required to
have a clinical leader work with the implementation
team to make sure that the design of the order sets was
appropriate and useful. Other multidisciplinary work-
groups validated the functionality of the order sen-
tences, code-set filtering and general process design, pol-
icies and procedures, build, and testing of the CPOE
system.

Our PICU had 16 order sets designed with the help
of one of the senior intensive care fellows (E.D.H. under
the guidance of M.A.E., who oversaw the development
of all order sets for the CHRMC).

As part of the patient-safety initiative associated with
our CPOE implementation, all clinical staff (including
physicians, nurses, respiratory therapists, nutritionists,
social workers, unit clerks, etc) were required to attend
training. The training was role specific and ranged be-
tween 2 and 4 hours at a minimum, although extended
training help was provided for any individual as needed.
All permanent and rotating housestaff from other insti-
tutions were also required to attend training before be-
ing allowed to take care of patients in any area of the
hospital. Every discipline also had individuals who re-

ceived extra training and were dubbed “super users.”
These super users helped in training others and provid-
ing peer support on the clinical units during and after
the implementation. Training began several months be-
fore our “go-live” date. Additional extensive go-live sup-
port was provided in house 24 hours a day for 2 weeks
and then tapered over the next week. The entire inpa-
tient hospital, emergency department, and preoperative
and postoperative (not intra-operative) areas were con-
verted to electronic orders during a 14-hour period on
November 8, 2003. Providers could not opt out of using
the CPOE system after that date.

Statistical Analysis
Differences between groups were calculated by using t
tests (for age, length of stay, and PRISM III scores) and
2-sample tests of proportions (for diagnostic categories).
Relative risks (RRs) were unadjusted and are presented
with 95% confidence intervals (CIs). Statistical calcula-
tions were performed by using Stata/SE 9.1 (Stata Corp,
College Station, TX) and EpiInfo StatCalc 6 (Centers for
Disease Control and Prevention, Atlanta, GA).

This study met criteria for an exemption from the
CHRMC institutional review board.

RESULTS
Over a 26-month period, which includes 13 months
before CPOE implementation and 13 months after, 2533
patients were admitted to the PICU, 284 (11.2%) of
which were transported from another facility. Demo-
graphic and clinical characteristics of these patients are
shown in Table 1.

There was no difference between preimplementation
and postimplementation admission to the PICU in terms
of PRISM III scores. The preimplementation patients
were older (90.5 vs 83.2 months old; P � .01) and had a
trend toward a shorter length of stay (4.74 vs 4.16 days;
P � .10). There were significantly more patients with
primary admitting diagnoses of asthma and pneumonia
preimplementation and significantly more children with
cancer among the postimplementation patients. During
the postimplementation period, a change in the care of
respiratory disease and asthma in particular was insti-
tuted on the general medical floors, which allowed more
intensive therapy and decreased the admissions to the
PICU for those patients. Although the hospital has is a
very extensive bone marrow transplant service, the rea-
son for the increased use of ICU beds has not been
analyzed.

The overall mortality rate for the entire 26 months
was 3.83%, with a preimplementation mortality rate of
4.22% and a postimplementation mortality rate of
3.46%. There is a nonsignificant reduction in the risk
of mortality in the postimplementation period (RR: 0.82;
95% CI: 0.55–1.21). Using PRISM III mortality risk ad-
justment, standardized mortality ratios (SMRs) can be
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determined by the ratio of observed/predicted morality.
The SMR for the entire period was 0.87. The preimple-
mentation SMR was 0.98, with a reduction in the post-
implementation period to 0.77 (Table 2).

Patients transported to our institution were consid-
ered separately because they represent a cohort of pa-
tients at high risk of error, because of the fact that they
are generally more ill (as reflected by their higher PRISM
III scores), and because of the potential for communica-
tions errors present in any hand-off situation. Among
the patients who were transported into our institution
in the preimplementation and postimplementation peri-
ods, there was no significant difference in age or PRISM
III scores, although there was a longer length of stay in
the postimplementation group (6.11 vs 4.86 days; P �
.19), but it was not statistically significant (Table 1).

The mortality rate for the transported patients was
7.75% over the entire period, with 9.6% in the pre-
implementation period and 6.29% in the postimplemen-
tation period. This represents a nonsignificant mortality
risk reduction in the postimplementation period (RR:
0.66; 95% CI: 0.29–1.47). The SMR for the entire period
was 0.87, with 1.10 preimplementation reducing to 0.70
postimplementation (Table 2).

We also compared the 13-month preimplementation
to the 5 months immediately after implementation of
CPOE to compare our short-term results to those in the

article by Han et al.6 Compared with the preimplemen-
tation cohort for transported patients, children in the
5-month postimplementation cohort were similar in age
and length of stay, although those in the preimplemen-
tation group were sicker (PRISM III scores of 6.82 vs
3.56; P � .001). There was a nonsignificant reduced risk
for morality (RR: 0.60; 95% CI: 0.20–1.80). The SMR for
the entire group was 0.88, with a preimplementation
SMR (noted above) of 1.10 and a 5-month postimple-
mentation SMR of 0.56. There was also a nonsignificant
trend toward reduction in mortality for all PICU admis-
sions (transports plus nontransports) for the preim-
plementation period compared with the 5-month
postimplementation period (RR: 0.57; 95% CI: 0.30–
1.09).

DISCUSSION
Our analysis did not show any clinically or statistically
significant change in mortality in either the immediate
period post–CPOE implementation or in a more ex-
tended period postimplementation.

Our findings differ from the report by Han et al,
which was published in Pediatrics.6 In that report, the
authors reviewed mortality data from the interfacility
critical care transport database at CHP for �13 months
before and 5 months after implementation of the same
commercial CPOE product as used at our institution. The

TABLE 1 Demographic and Clinical Characteristics of PICU Admissions 13 Months Before and 13 Months After CPOE

Variable All Patients Transfers From Other Hospitals

Total
(N � 2533)

Before CPOE
(N � 1232)

After CPOE
(N � 1301)

P Total
(N � 284)

Before CPOE
(N � 125)

After CPOE
(N � 159)

P

Age, mo (SD) 86.76 (74.15) 90.51 (73.91) 83.25 (74.22) .01 90.78 (70.35) 91.30 (70.36) 90.38 (70.56) .91
Length of stay, d (SD) 4.46 (8.95) 4.16 (8.25) 4.74 (9.55) .10 5.57 (7.97) 4.86 (6.43) 6.11 (8.96) .19
PRISM scores (SD) 4.57 (5.99) 4.52 (5.86) 4.61 (6.11) .71 6.94 (8.56) 6.82 (7.68) 7.03 (9.21) .84
Primary diagnoses, %
Asthma 4.58 6.49 2.77 �.001
Cancer 4.78 2.03 7.38 �.001
Diabetes 3.20 2.92 3.46 .44
Congenital cardiovascular
disease

17.05 16.48 17.60 .45

Pneumonia or bronchiolitis 6.55 8.93 4.30 �.001
Seizures 5.96 5.44 6.46 .28
Sepsis 4.50 5.28 3.77 .07

TABLE 2 Mortality Rates of PICU Patients Before or After CPOE Implementation

Total Patients, n Survivors, n Nonsurvivors, n Mortality, % Relative Risk 95% CI P

All patients 2533 2436 97 3.83 0.82 0.55–1.21 .32
Before CPOE 1232 1180 52 4.22
After CPOE 1301 1256 45 3.46

Transfers 284 262 22 7.75 0.66 0.29–1.47 .30
Before CPOE 125 113 12 9.60
After CPOE 159 149 10 6.29

Congenital cardiovascular disease 432 417 15 3.47 0.59 0.21–1.63 .30
Before CPOE 203 194 9 4.43
After CPOE 229 223 6 2.62
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authors described the difficulties in placing orders that
included multiple time-consuming steps to complete an
order, inability to register new admissions in a timely
manner, inability to obtain medications in emergent sit-
uations, inability to preorder medications and imaging
studies before patient arrival, and a lack of direct com-
munication between nursing and physician providers.
Their conclusion seems to implicate CPOE as causally
related to their mortality observations.

Our implementation followed the implementation of
CPOE at CHP; we visited their hospital and were fortu-
nate enough to incorporate the lessons that they learned
into our implementation plan. We were able to meet
with administrative and clinical leadership, tour their
hospital, and speak with clinical staff. Their collaboration
continued over the many months before our go-live
date.

What did we learn, and what was different at our
institution? Both institutions placed a great deal of effort
in designing and implementing order sets, but CHP did
not have order sets for the critical care setting available
at implementation. At the CHRMC, we implemented
inpatient CPOE with 12 infant ICU-specific and 16-PICU
specific order sets in addition to order sets for extra-
corporeal life support, renal replacement therapy, and
complex cardiac and transplant surgery. We had active
involvement of our intensive care staff during the de-
sign, build, and implementation stages. Within 1 month
after implementation we added another order set that
contained the ICU’s most frequently placed orders with
precompleted order sentences. In addition, we built
more order sentences and code-set filters that dramati-
cally reduced the time it takes a clinician to enter orders.
We feel that these are prerequisites for a successful im-
plementation for any future institutions contemplating
CPOE. In an effort to help other similar institutions we
have shared our experience and order-set content with
other pediatric facilities.

An additional difference between our institutions in-
volved processes and policies that were not directly re-
lated to CPOE but were exacerbated in the institution of
the previous study. For example, at our institution,
emergency medications are able to be removed from the
medication-dispensing system on each unit without the
need for a preexisting order or pharmacy approval. The
order and dispensing are reconciled after the dispensing.
Our hospital also had a process for either preregistering
patients who were being transported in (which predated
CPOE) or would allow a quick registration process to
facilitate order entry. The first orders entered in our
hospital after go-live conversion were for an infant
transported into the ICU. Using an order set that
matched the infant’s condition, the resident was able to
place an entire set of orders in �5 minutes without
errors in a highly stressed environment. It is doubtful

that any paper ordering system could be shown to be
faster and error free.

Another point discussed by Han et al in their article
was the potential breakdown in communication be-
tween nurses and physicians brought about by the
change in ordering from being on paper to electronic.
They did not offer any metrics to validate the difference
before and after CPOE, but it is certainly a plausible
scenario. We were well aware of this potential and have
a mantra that we frequently reinforce with our staff:
“CPOE does not replace talking.” It is a warning that
others should heed.

Han et al stated in their results section that the time it
took to enter a single order was �1 to 2 minutes com-
pared with several seconds to place the same order in
written form. There were no preimplementation or
postimplementation measurements provided to substan-
tiate this result, although it may be possible. The logical
conclusion of these statements also is that the faster
paper entry (if that indeed is true) is more efficient and
safer than CPOE in certain high-risk scenarios. It is our
experience that these statements, however, fail to take
into account the true time it takes to enter a paper order,
which includes finding the chart, writing the order, de-
livering the order to a unit clerk or nurse, and transmit-
ting the order, or for the time spent either fixing or
clarifying errors resulting from handwriting or other
mistakes common to handwritten orders.

It has been shown that the use of CPOE in an ICU
setting can cut down on errors7 and improve the turn-
around time of laboratory and radiology test results.8,9

Non-CPOE studies have also shown that verbal orders
given in simulated resuscitations have a high error rate.10

There is no evidence to show that the written order
system is the answer for the current patient-safety crises.

The differences in our study suggest that implemen-
tation issues (more order sets, sentences, code-set filter-
ing, ability to get medications directly from the medica-
tion-dispensing system in emergent cases) rather than
inherent issues with the CPOE itself or the underlying
high risk of a particular software system are the primary
risk factors affecting mortality during implementation of
CPOE. To show a more direct proof for the differences in
our outcomes would have required preimplementation
and postimplementation measures of order timing and
communication issues at both institutions, which unfor-
tunately are not available.

Institutions should not embark on this pathway un-
less they are committed to the long run and are able to
put in the resources to make the system function in a
reasonably easy-to-use manner. The unique workflow
issues in an ICU must be understood and mitigated be-
fore implementing CPOE, or the new processes of CPOE
will only add increased complexity.11,12Our implementa-
tion has not been perfect. There have been many issues
that continue to be improved, and some of these are
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more critical in an ICU setting or other high-risk settings
such as an emergency department or operative setting.

CPOE, like any new technology, will require careful
implementation. Institutions that were the earliest to
implement CPOE did not have the ability to learn from
others. It is likely that the error rate for any new process
could be higher than an older process until the new
systems and interactions with providers are more fully
understood. It is incumbent on all who are involved in
the patient-safety journey to assure that appropriate
safeguards are in place and to share their knowledge in
the literature and by the free exchange of their knowl-
edge that places patient safety first. We are indebted to
the leadership and staff at CHP for their help, and we
have committed to pass on to other institutions our
knowledge and expertise to hasten the safe deployment
of pediatric CPOE.

Our findings do not show an increase in mortality in
the short-term or long-term after implementation of
CPOE in a pediatric tertiary care setting. The issues that
may have led to the findings at CHP seem to have been
related to other implementation and process issues
rather than CPOE itself. These process changes and po-
tential issues with data analysis have also been discussed
in a subsequent commentary13 in Pediatrics.
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