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Abstract Objective: To evaluate the effect of an automatic alerting system on the time
until treatment is ordered for patients with critical laboratory results.

Design: Prospective randomized controlled trial.

Intervention: A computer system to detect critical conditions and automatically notify the
responsible physician via the hospital’s paging system.

Patients: Medical and surgical inpatients at a large academic medical center. One two-month
study period for each service.

Main outcomes: Interval from when a critical result was available for review until an
appropriate treatment was ordered. Secondary outcomes were the time until the critical condition
resolved and the frequency of adverse events.

Methods: The alerting system looked for 12 conditions involving laboratory results and
medications. For intervention patients, the covering physician was automatically notified about
the presence of the results. For control patients, no automatic notification was made. Chart
review was performed to determine the outcomes.

Results: After exclusions, 192 alerting situations (94 interventions, 98 controls) were analyzed.
The intervention group had a 38 percent shorter median time interval (1.0 hours vs. 1.6 hours, P
= 0.003; mean, 4.1 vs. 4.6 hours, P = 0.003) until an appropriate treatment was ordered. The time
until the alerting condition resolved was less in the intervention group (median, 8.4 hours vs. 8.9
hours, P = 0.11; mean, 14.4 hours vs. 20.2 hours, P = 0.11), although these results did not achieve
statistical significance. The impact of the intervention was more pronounced for alerts that did
not meet the laboratory’s critical reporting criteria. There was no significant difference between
the two groups in the number of adverse events.

Conclusion: An automatic alerting system reduced the time until an appropriate treatment was
ordered for patients who had critical laboratory results. Information technologies that facilitate
the transmission of important patient data can potentially improve the quality of care.

m JAMIA. 1999;6:512-522.

Affiliations of the authors: Partners HealthCare System (GJK, Correspondence and reprints: Gilad J. Kuperman, MD, PhD,

JMT, JF, DWB) and Harvard Medical School (GJK, IMT, MJT, Partners HealthCare System, Department of Information Sys-

NM’L, ER, AJ, JW, DWB), Boston, Massachusetts. tems, 850 Boylston Street, Suite 202, Chestnut Hill, MA 02467.
e-mail: (gkuperman@partners.org).

This work was supported in part by research grant RO1- Received for publication: 4/19/99; accepted for publication:

HS08927 from the Agency for Health Care Policy and Research. 7/21/99.



Journal of the American Medical Informatics Association Volume 6 Number 6 Nov / Dec 1999 513

Errors and oversights occur in medical practice,"™
which is not surprising given the volume of infor-
mation clinicians must manage. Improving the sys-
tems within which clinicians practice is likely to be
much more effective at improving care than chastising
individual clinicians about individual errors.* Increas-
ingly, information technology is being used to im-
prove systems of care by detecting and informing cli-
nicians about key clinical events.®

It is important that clinicians respond in a timely and
appropriate manner to critical laboratory results for
their patients, but studies have shown that optimal
response does not always occur. In a study of adverse
events among inpatients,” we found that faster and
more appropriate response to critical laboratory re-
sults might have prevented 4.1 percent of adverse
events, and another 5.5 percent of adverse events
might have been prevented by improved communi-
cation of laboratory results that were important in the
context of a patient’s medication regimen. Also, in a
study of “life-threatening” laboratory results, Tate’
found that only 50 percent were responded to appro-
priately. In a study done to evaluate the treatment of
critical laboratory results at our institution, we found
that in 27 percent of cases, more than five hours
passed before an appropriate treatment was ordered.’
In an outpatient setting, McDonald® found that com-
puter reminders increased compliance with a variety
of protocols (including treatment of critical laboratory
results) from 22 to 51 percent. Other studies have
shown similar impacts of reminder systems.'**

The process by which clinicians receive and act on
critical laboratory results is complex. Although regu-
lations require hospital laboratories to communicate
critical results for inpatients directly to the responsible
provider,”™* and most institutions have special re-
porting procedures in place for critical results,” the
identity of the provider responsible for a patient’s care
is rarely known to the laboratory personnel. Usually,
the laboratory technologist telephones the patient’s
floor, and this sets in motion a chain of communica-
tion involving the unit secretary, nurses, and only
eventually the responsible clinician. This complex in-
terdisciplinary communication requires more coordi-
nation than is usually found in medical settings, and
such procedures often fail."® Also, many results that
do not formally fall into the “critical value” category
on the basis of simple threshold criteria and do not
require special reporting procedures may be serious
in the context of a patient’s other data (for example,
a rapidly falling but not yet critically low hematocrit).

Several recent efforts have used information technol-
ogy to detect such important events and present them

to providers in a timely manner. For example, Rind et
al.'” demonstrated that e-mail reminders decreased
from 96 to 72 hours the time until nephrotoxic or ren-
ally excreted medications were adjusted when inpa-
tients had rising creatinine values. Also, Hripscak et
al.”® and Jain et al.” developed an event monitor that
informs physicians by e-mail when radiographic evi-
dence of tuberculosis is found in patients who are not
in respiratory isolation.

We have developed a system that automatically de-
tects critical laboratory results and pages the respon-
sible provider.®** We defined critical conditions to be
laboratory results that met our hospital’s critical re-
porting criteria as well as results that met other, more
complex criteria indicating that prompt attention may
be necessary. We performed a study to determine
whether this automated system would reduce the
time until an appropriate treatment is ordered for pa-
tients with a critical condition and reduce the time
until the critical condition is resolved.

Methods

Study Settings

The study was carried out at Brigham and Women'’s
Hospital (BWH), a 720-bed tertiary-care hospital in
Boston, Massachusetts. The Brigham Integrated Com-
puting System (BICS)* provides administrative and
clinical computing services at BWH. All patient lab-
oratory results are stored in BICS, and physicians and
nurses enter inpatient orders directly into the sys-
tem.” The BWH laboratory generates 3,000,000 inpa-
tient chemistry and hematology results per year, of
which 0.96 percent meet its critical reporting criteria.?
Such critical results are telephoned by the laboratory’s
technologists to the patient’s floor as soon as they are
available and just before the results are stored in the
hospital’s database, when they become available for
general review. Previous evaluation has shown that
the BWH laboratory’s compliance with this policy is
outstanding.’

Patient Population

The study period for the medical service was Dec 1,
1994, to Jan 31, 1995, and the study period for the
surgical service was Sep 1, 1995, to Oct 30, 1995. All
medical and surgical inpatients during the respective
study periods were included in the study. The patient
was the unit of randomization. Assignment to the
control or intervention group was performed using an
internal patient-specific identifier assigned sequen-
tially at the time a patient is registered. This identifier
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Table 1 m

Frequency Distribution of Alerts

Rule Alerting Criterion No.* (%)
1 Hematocrit has fallen 10% or more since last result and is now less than 26%t 38 (19.8)
2 Serum glucose is greater than or equal to 400 mg/dL 34 (17.7)
3 Hematocrit has fallen 6% or more since previous result, and has fallen faster than 0.4% per hour since last 32 (16.7)

result, and is now less than 26% and the patient is not on the cardiac surgery servicet
4 Serum potassium is greater than or equal to 6.0 mEqg/L 32 (16.7)
5 Serum potassium has fallen 1.0 mEg/L or more over the last 24 hours and is now less than 3.2 mEqg/L% 29 (15.1)
6 Serum potassium less than 3.3 mEqg/L and patient has an active order for digoxint 15 (7.8)
7 Serum sodium is greater than 160 mEg/L 5 (2.6)
8 Serum sodium has fallen 15 mEq/L or more in last 24 hours and is now less than 130 mEqg/L§ 4 (2.1)
9 Serum glucose is less than or equal to 40 mg/dL 3 (1.6)
10 Hematocrit is less than or equal to 15%t 0 (0)
11 Serum potassium is less than or equal to 2.4 mEqg/Lt 0 (0
12 Serum sodium is less than or equal to 115 mEg/L§ ~ 0
ToTAL 192 (100)

*Combined number of occurrences in control and intervention groups, after exclusions.
tFor low or falling hematocrit, rule 1 takes precedence over rule 3, which takes precedence over rule 10.
fFor low or falling potassium, rule 5 takes precedence over rule 6, which takes precedence over rule 11.

8For low or falling sodium, rule 8 takes precedence over rule 12.

is not available to the clinicians. Randomizing by pa-
tient allowed us to study patient-level outcomes. Ran-
domizing by “team” would have allowed us to study
the impact of the intervention on physicians, but
BWH does not have teams to which physicians belong
exclusively. The BWH Human Research Committee
approved the study.

Knowledge Base

Twelve alerting rules were used in this study (Table
1)—seven rules based on the value of a single labo-
ratory result, four rules that detected changes in lab-
oratory results over time, and one rule that detected
a drug-laboratory interaction. The rules were based
on a set of alerting conditions developed previously.’
The system was not intended to alert for all the lab-
oratory’s critical results.

Alerting System Design

The study made use of a clinical alerting system that
had been in use at BWH since June 1994.* The alert-
ing system (Figure 1) uses a continuously running
event monitor to determine whether new patient data
satisfy any rule-based alerting criteria. The manner in
which alerting rules are represented in the computer
is discussed elsewhere.” If an alert is generated, a no-

tification program automatically pages the alerting
patient’s covering physician. The covering physician
is determined from an automated ‘“‘coverage list”” da-
tabase,” which identifies the physician who is pri-
marily responsible for each patient at any given time.
The callback number on the digital pager is “8888,”
which indicates that an automated alert has been gen-
erated for one of the physician’s patients. The physi-
cian can then log on to any computer workstation to
review the alert.

The alert review screen (Figure 2) displays patient
identifying information, the alert message, the alert
details, any active medications that are relevant to the
alert,* and alert-specific actions that the physician
may invoke, such as orders for therapeutic medica-
tions (e.g., intravenous or oral potassium for a patient
with a hypokalemia alert) or additional laboratory
tests. Most actions can be invoked by only a single
keystroke; some require the order to be completed
(e.g., entering the dose for a medication order).

*Each alerting rule has an associated list of relevant medica-
tions, and the alert review screen displays which of those med-
ications the alerting patient is receiving.
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Figure 1 Automated alerting system software architecture. New clinical data are sent to the event monitor. The event
monitor determines whether the new data warrant an alert. If so, the notification program is called. The notification
program queries the coverage list database to determine who is currently covering the patient whose data generated
the alert. The notification program then pages the covering physician through an electronic interface to the page
computer. The callback number on the physician’s digital pager (*“8888’’) indicates an automated alert on one of the
physician’s patients. The physician can then log onto any computer workstation to review the alert and take therapeutic
action or, if off site, can call the telecommunication office.
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Figure 2 Alert review and therapeutic action screen. This is the screen that the physician sees when reviewing the
alert. The patient’s identifying information is shown at the top, followed by the time of the alert, the alert message,
and the details of the alert (in this case, low potassium in a patient receiving digoxin). Relevant medications are shown
next. Finally, a list of therapeutic actions is offered.
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Figure 3 Notification failsafe sequence. If the alert has not been reviewed within 15 minutes after the physician has
been paged, the borders of the computer screens on the patient’s floor turn red. The computers on the inpatient floors
display new information about patients, and the nurses continually check the screens for new information. When the
border of a computer screen turns red, it is an indication to the nurses of an automated alert for one of the floor’s
patients; a nurse can then review the alert. If, after 30 more minutes, the alert has still not been reviewed, a workstation
in the telecommunication office begins beeping. The phone operator then can review the alert and call the floor with

the information.

After the alert has been reviewed, the physician is
asked to answer a single multiple-choice question pre-
sented on the computer screen—*“Which of the fol-
lowing apply?”’—to elicit the physician’s attitude. The
possible answers are: 1) | will take action as a result
of this alert, 2) | was already aware of this data, 3)
This alert is not interesting, 4) The data in this alert
are wrong (i.e., false positive), or 5) Other. The phy-
sician is required to check one answer.

If the physician has not reviewed the alert within 15
minutes, a fail-safe notification sequence is initiated
(Figure 3). The border of the BICS computer screens
on the alerting patient’s floor turns red, indicating
that an automated alert is present for one of the pa-
tients on the floor. The nurses on the floor can then
review the alert on the computer. If, after 30 more
minutes, the alert still has not been reviewed, a com-
puter workstation in the telecommunication office be-
gins to beep. A telephone operator then reviews the
alert and calls the patient’s floor with the details of
the alert. The telephone operator records the name of
the person to whom they gave the information (usu-
ally a unit secretary or a nurse). In this way, all alerts
communicated by the alerting system are reviewed
within 45 minutes.

Intervention

The automated alerting system detected the presence
of alerting situations for both intervention and control
patients. However, the notification function was ini-
tiated (i.e., the covering house officer was paged) only
for intervention patients.

During the study, we did not replace the BWH labo-
ratory procedure for calling the floor with critical lab-
oratory results. Thus, for patients in the intervention
group who had an alert based on a simple critical re-
sult, the physician was notified by the automated
alerting system as well as by the laboratory’s routine
notification procedure. The difference is that the lab-
oratory’s phone calls went to the unit secretary or
nurse, whereas the automated pages went directly to
the physician.

Outcomes

The primary outcome of the study was the length of
the time interval from the filing of the alerting result
—i.e., the time when the laboratory result was stored
in the database and became available for review by
providers—to the ordering of appropriate treatment.
A secondary outcome was the interval between the
result’s filing time and the resolution of the critical
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condition. The time of resolution was defined as the
arrival time in the laboratory of a test or the time of
a bedside test (e.g., fingerstick glucose) that demon-
strated that the alerting condition was no longer pres-
ent. Outcomes were assessed by trained reviewers us-
ing chart review. Reviewers did not have access to the
randomization identifier and so were blinded as to
whether the alert was in the intervention or the con-
trol group.

Assessment of when an appropriate treatment was or-
dered was performed by the reviewers using explicit
criteria (Table 2). These data were found in physician’s
orders, daily flow sheets, the medication record, or the
progress notes. The goal was to measure the time until
the physician acted; therefore, we measured the time
that the treatment order was placed rather than the
time that the treatment was administered. If an order
existed for “potassium replacement according to
scale,” we defined the time of treatment for hypoka-
lemia as the time the potassium was actually admin-
istered. We also used the time of administration when
orange juice or other oral glucose replacement was
given by mouth to treat hypoglycemia.

Although the study was not designed to have suffi-
cient power to detect differences in adverse outcomes,
we collected data on how often a number of adverse
outcomes occurred. These outcomes were death, car-
diopulmonary arrest, an unexpected transfer to the in-
tensive care unit, delirium, stroke, new renal insuffi-
ciency, new acute renal failure, dialysis, or an
unexpected return to the operating room. The adverse
outcomes were included only if they occurred within
48 hours of the alerting event.

For the intervention group, we determined the frac-
tion of the page notifications to which the physicians
responded and the fraction in which physicians took
action directly from the alert review screen.

Exclusions

We excluded repeat alerts of the same type for a pa-
tient during a single admission; alerts for patients
who had “do not resuscitate’” (DNR) orders at the
time of the alert (DNR was used as a proxy for pa-
tients whose conditions were terminal and who may
not receive aggressive therapy); alerts due to “non-
representative’” laboratory results (i.e., results that
were deemed, by trained reviewers using explicit cri-
teria, not to represent the patient’s physiologic state,
because they were preceded and followed shortly by
values in the normal range, with no treatment having
been given for the condition); and alerts for which
treatment had been initiated before the alerting value

Table 2 =m

Criteria Used by Reviewers to Determine the
Time Appropriate Treatment Was Ordered

Examples of Appropriate

Alert Type Treatment

Low or falling sodium Isotonic or hypertonic solution
intravenously, fluid restric-

tion, demeclocycline

High sodium Isotonic or hypotonic solution

intravenously

Low or falling potassium,
or low potassium with
patient on digoxin

Potassium replacement (intra-
venous or oral)

High potassium Discontinue potassium

50% dextrose with insulin

Furosemide

Bumetanide

Discontinue spironolactone or
triamterene

Kayexalate (sodium polystyrene
sulfonate)

Sodium bicarbonate

Calcium chloride, calcium glu-
conate

Low glucose Oral glucose
Orange juice
Candy bar

50% dextrose intravenously

High glucose Insulin (subcutaneous or intra-

venous)

Transfusion, assessment of he-
modynamic stability

Low or falling hematocrit

was reached (e.g., hyperglycemia where treatment
was initiated before the glucose level reached the
alerting criteria). The first and last exclusion criteria
were included because we wanted to measure the im-
pact of the system only on newly recognized critical
laboratory results.

Analysis

Results for the time intervals until appropriate treat-
ment was ordered and until the alerting condition
was resolved are reported as medians, with 25 and 75
percent quartiles, and as means, because the effect on
high outliers is important.” Univariate comparisons
between the intervention and control groups for pri-
mary and secondary outcomes were made using the
Wilcoxon rank sum statistic. We also report compari-
sons with the use of the Student t-test to determine
the effect of the intervention on the tails of the distri-
bution. On the basis of pilot data,® we estimated that
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we had 80 percent power to detect a 66 percent re-
duction in the time until the treatment was ordered
and a 50 percent reduction until the time the condition
was resolved.

Results

The study periods included 11,412 patient-days on the
medical service and 11,097 patient-days on the sur-
gical service. A total of 560 alerts were detected—292
in the control group and 268 in the intervention group
(Figure 4). Among these, 131 were excluded because
they were not the first occurrence of one of the alert
types for a patient within an admission. Of the 429
remaining alerts, 41 were for patients whose status
was DNR, and 51 were deemed to be nonrepresenta-
tive of the patients’ true condition; 87 alerts fell into
one or both of these categories and were excluded.
Prior treatment for the condition had been started in
150 of the remaining 342 alerts, leaving 192 alerts for
178 patients (1.08 alerts per patient) where the alert
represented a critical situation for which treatment
had not yet been started (98 in the control group and
94 in the intervention group). The majority of the
alerts were due to falling hematocrit, hyperglycemia,
hyperkalemia, and falling potassium (Table 1). There
were more falling hematocrit alerts on the surgical
service and more low potassium alerts on the medical
service.

The median time until treatment was ordered (Table
3) for the 94 alerts in the intervention group was 1.0
hours; this was 38 percent less than the 1.6 hours for
the 98 alerts in the control group (P = 0.003). The
mean time in the intervention group was also shorter
(4.1 hours vs. 4.6 hours, P = 0.003). Treatment was

ordered more than 5 hours after 15 (16 percent) of the
intervention alerts and 24 (24 percent) of the control
alerts (P = 0.19, chi-square).

In eight cases, no resolution was documented prior to
discharge. For the 184 alerts in which a resolution was
documented, the median time until the condition was
resolved was shorter in the intervention group (8.4
hours [n = 89] vs. 8.9 hours [n = 95], P = 0.11), as was
the mean (14.4 hours vs. 20.2 hours, P = 0.11), but
neither difference was statistically significant. When
no resolution was documented, if the time of resolu-
tion was set to the time of discharge, the data did not
change significantly (median, 8.6 hours [intervention]
vs. 9.0 hours [control], P = 0.10; mean, 15.2 hours vs.
21.9 hours, P = 0.10).

Of the 192 alerts, 97 (50.5 percent) met the laboratory’s
critical reporting criteria and, in addition to being
handled by the automatic alerting system, were com-
municated to the patient’s floor by the laboratory
technologist. Of these, 43 were in the intervention
group and 54 were in the control group (Table 4).
Even in these instances, when the laboratory’s usual
reporting procedure was invoked, there was a trend
in the intervention group toward decreased time until
the treatment was ordered (median, 0.7 hours vs. 1.1
hours, P = 0.06). The median time until the condition
was resolved was not significantly different between
the groups (7.0 hours, [phone call plus intervention,
n = 40] vs. 8.1 hours [phone call only, n = 54], P =
0.43) and the means also were similar.

Of the 95 results that did not meet the laboratory’s
reporting criteria (Table 5), the 51 in the intervention
group had a median time until treatment was ordered

(560 alerting situations detected )_e_x% 131 repeat alerts of the same type in a

* single admission

41 -- alerts in DNR patients

excluded
429 first alerts 51 -- non representative results

v

(87 -- one or both of above)

. excluded . . .
( 342 alerts remaining )—»wo — treatment started before alert Figure 4 Diagram showing the

!

192 alerts analyzed

number of alerts detected, excluded,
and eventually analyzed for the cur-
rent study.

L

98 control alerts
(no notification)

94 intervention alerts (page sent out)
65 reviewed by MD
7 reviewed by nurse
22 reviewed by phone operator
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Table 3 =

519

Effect of Intervention on Time until Treatment Was Started and on Time until Condition Was Resolved,

for All Alerting Situations

Median Mean
(Interquartile Range) (SD) Range

Time until treatment was ordered (in hours):

All cases (N = 192) 1.2 (0.4-3.8) 4.3 (10.6) 0-100.5

Intervention cases (n = 94) 1.0 (0.2-2.6) 4.1 (12.1) 0-100.5

Control cases (n = 98) 1.6 (0.6-4.2) 46 (9.1) 0.1-66.1

P value 0.003* 0.003t —
Time until condition was resolved (in hours):

All cases (N = 184) 8.8 (4.6-20.7) 17.4 (24.3) 0.2-198.5

Intervention cases (n = 89) 8.4 (4.0-14.5) 14.4 (18.7) 0.2-118.9

Control cases (n = 95) 8.9 (5.4-23.2) 20.2 (28.5) 1.3-198.5

P value 0.11* 0.11% —

*Comparison made using the Wilcoxon rank sum statistic.
TComparison made using the Student t-test.

Table 4 m

Effect of Intervention on Time until Treatment Was Started and on Time until Condition Was Resolved,
When Alerting Situation Satisfied the Laboratory’s Critical Reporting Criteria and a Phone Call Was

Made
Median Mean
(Interquartile Range) (SD) Range
Time until treatment was ordered (in hours):
All cases meeting laboratory’s criteria (N = 97) 1.0 (0.4-2.7) 3.3 (7.6) 0-51.1
Intervention cases: alert plus phone call (n = 43) 0.7 (0.2-2.6) 3.4 (8.0 0-44.6
Control cases: phone call only (n = 54) 1.1 (0.6-3.0) 3.3 (7.4) 0.1-55.1
P value 0.06* 0.597 —
Time until condition was resolved (in hours):
All cases meeting laboratory’s criteria (N = 94) 7.4 (3.9-17.4) 13.3 (14.8) 0.2-68.1
Intervention cases: alert plus phone call (n = 40) 7.0 (3.4-14.1) 12.8 (15.4) 0.2-68.1
Control cases: phone call only (n = 54) 8.1 (4.0-18.9) 13.7 (14.5) 1.4-64.7
P value 0.43* 0.68t —

*Comparison made using the Wilcoxon rank sum statistic.
tComparison made using the Student t-test.

Table 5 =

Effect of Intervention on Time until Treatment Was Started and on Time until Condition Was Resolved,
When Alerting Situation Did Not Satisfy the Laboratory’s Critical Reporting Criteria

Median Mean
(Interquartile Range) (SD) Range

Time until treatment was ordered (in hours):

All cases not meeting laboratory’s criteria (N = 95) 15 (0.4-5.3) 5.4 (13.0) 0-100.5

Intervention cases: alert but no phone call (n = 51) 1.2 (0.2-2.9) 4.8 (14.8) 0-100.5

Control cases: no alert, no phone call (n = 44) 25 (0.9-6.5) 6.1 (10.7) 0.1-66.1

P value 0.009* 0.01t —
Time until condition was resolved (in hours):

All cases not meeting laboratory’s criteria (N = 90) 9.7 (6.2-23.8) 21.7 (30.9) 0.7-198.5

Intervention cases: alert but no phone call (n = 49) 9.2 (5.6-17.9) 15.8 (21.1) 0.7-118.9

Control cases: no alert, no phone call (n = 41) 10.2 (6.8-35.7) 28.8 (38.7) 4.1-198.5

P value 0.05* 0.0671 —

*Comparison made using the Wilcoxon rank sum statistic.
tComparison made using the Student t-test.
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Table 6 =

Adverse Events among Alerting Situations

Inter-
Control vention
Group Group Total
Adverse Event (n=98) (n=94) (n=192) P value
Death 13 7 20 0.19
Cardiopulmonary ar- 1 2 3 0.53
rest
Transfer to ICU 1 6 7 0.05
Myocardial infarction 0 1 1 0.3
Delirium 3 4 7 0.66
Stroke 1 0 1 0.33
Renal insufficiency 1 4 5 0.16
Acute renal failure 1 1 2 0.98
Dialysis 3 5 8 0.43
Return to OR 3 1 4 0.33
All 27 31 58 0.41

NoTe: ICU indicates intensive care unit; OR, operating room.

of 1.2 hours. This was significantly shorter than the
median of 2.5 hours (P = 0.009) for the 44 control
alerts (which did not meet the laboratory’s calling cri-
teria and thus were communicated neither by the
alerting system nor by the laboratory). The mean time
was also significantly shorter in the intervention
group (4.8 hours vs. 6.1 hours, P = 0.01). The time
until the critical condition resolved also was shorter
in the intervention group for these alerts (median, 9.2
hours vs. 10.2 hours, P = 0.05; mean, 15.8 hours vs.
28.8 hours, P = 0.06).

Of the 94 intervention alerts, physicians reviewed 65
(69 percent). The median time until a treatment was
ordered for the 65 alerts reviewed by the physicians
was 0.5 hours. Nurses reviewed 7 alerts (7 percent)
and 22 alerts (23 percent) were reviewed by the tele-
communication staff who communicated them to the
floor. Physicians said they would take an action as a
result of the alert for 50 of the 65 alerts they reviewed
(77 percent), although they took an action directly
from the alert review screen for only 10 alerts (15 per-
cent). For only 10 alerts (15 percent) did the physi-
cians say they were already aware of the alerting data.

A total of 58 adverse events were identified among
the 192 alerting situations (Table 6). The mortality rate
was 7.4 percent in the intervention group (7 of 94 pa-
tients) and 13.3 percent in the control group (13 of 98
patients), although this difference was not statistically
significant (P = 0.19, chi-square). The total adverse
event rate per patient was similar in the two groups
(31 events in 94 intervention patients [0.33 events per
patient] vs. 27 events in 98 control patients [0.28
events per patient], P = 0.41).

Discussion

Critical laboratory results are signs of major pertur-
bations of key physiologic systems. If patients with
such results are not treated promptly and appropri-
ately, organ damage or death may ensue. In this study
we found that communicating critical laboratory re-
sults directly to the responsible provider decreased
the time until an appropriate treatment was ordered,
and there was also a trend toward a decreased dura-
tion of the life-threatening condition. The effect of the
system was present even when the result was com-
municated to the patient’s floor via the laboratory’s
telephone-based critical reporting procedures and was
more pronounced when the result met complex cri-
teria not communicated by standard procedures.

The effect of the intervention was probably due to the
fact that the patient’s key provider received the infor-
mation directly, with the pertinent data highlighted
and in a context that made ordering the correct treat-
ment easier. Although no difference in adverse event
rates was seen, there was a trend toward decreased
mortality in the intervention group, and we did not
design the study to have sufficient power to identify
differences in adverse event rates. Moreover, this is a
situation in which improved process can be expected
to decrease adverse event rates in the long term. Also,
their responses to the attitudinal question indicated
that physicians felt the automatic alerts were impor-
tant.

When used to evaluate and communicate patient
data, advanced information technologies can add
value in many ways. Currently, hospital laboratories
routinely only use single value thresholds as critical
indicators," because other data are not readily avail-
able. In contrast, if a comprehensive clinical database
is present, the computer can also detect such events
as changes in laboratory results over time and labo-
ratory results that are serious if patients are taking
certain medications (drug-laboratory interactions) or
have a specific condition such as renal failure. These
complex situations are more specific and may be more
meaningful than simple thresholds.

Computers also can facilitate response to alerting sit-
uations by presenting the information in a suitable
context. While it is useful to know that a patient has
a critically low serum potassium value, it is even more
useful to know that the patient also is receiving high
doses of furosemide and digoxin. Presenting infor-
mation in a suitable context is especially important in
cross-coverage situations where the responsible pro-
vider may be unfamiliar with the involved patient.”®
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A background alerting application, such as that de-
scribed in this study, provides a useful counterpart to
reminders embedded in order entry applications.””*®
Reminders embedded in applications can be pre-
sented in real time to clinicians using interactive ap-
plications on a computer workstation. Background
alerts are triggered by data that enter the computer
system from other automated systems, so special no-
tification procedures are required to communicate the
information to the clinician.

Several nontrivial prerequisites are needed to develop
an alerting system such as the one described here.
First, the data needed to make the decisions (infer-
ences) must be available electronically on a common
computing platform. The alerts in this study made use
of laboratory results, medication orders, and patient
demographics in our integrated patient database.
Most institutions do not yet have physicians writing
orders electronically®; however, almost all have lab-
oratory data available and many have patient medi-
cation data available in the hospital pharmacy system.

Second, interfaces between the decision-making sys-
tems and notification systems (e.g., paging and elec-
tronic mail systems) also are necessary. Such interfaces
are becoming technically easier and more widespread.

Third, it can be difficult to determine which provider
to notify. Such “coverage list’” applications are not yet
in widespread use but are essential if information
technology is to fulfill its potential to enhance com-
munication. In this study, the computer contacted the
covering house officer directly and had methods to
follow up if the house officer did not respond to the
notification. In contrast, Tate et al.” displayed the alert
message when the patient’s data were reviewed, and
Rind et al."” sent e-mail messages to physicians who
had previously reviewed the patient’s data. Providing
laboratory personnel with access to the coverage in-
formation would not necessarily add efficiencies, be-
cause the technologists’ workflow would be inter-
rupted if they have to page a physician, wait for a
response, and remember to contact someone else if no
response were received. Future applications of auto-
mated notification technology may require a system
to identify and send messages to such individuals as
the patient’s primary care physician, referring physi-
cian, or other health professional.

Fourth, it is time consuming to decide which events
are worthy of automated pages, automated e-mail
messages, or other special communication methods.
Evidence from the literature to inform such choices is
limited, and acquiring this knowledge from experts
may be arduous. Tate et al."” spent more than a year

in a formal consensus development process with in-
tensivists to determine which events merited alerts.
Although we were able to customize their knowledge
base for our institution, we spent significant time
specifying new rules. The Arden Syntax,* which spec-
ifies a standard form for medical logic, may allow
knowledge developed through consensus at one in-
stitution to be more easily reviewed and used else-
where. Standardization of the representation of med-
ical concepts® and medical vocabularies® will also
facilitate transfer of electronic knowledge.

Further enhancements to the system are possible. For
example, we have added rules that notify physicians
about a low platelet count in a patient who is receiv-
ing a platelet antagonist and about administration to
a patient with renal failure of a medication that
should be avoided in that condition. Also, we have
added the ability to “retract’” an alert. This is neces-
sary if data are entered incorrectly, an alert is gener-
ated, and the data are subsequently corrected.®® Phy-
sicians continue to be comfortable with the system; in
a later analysis, physicians said they would take ac-
tion in 70 percent of the alerts, and they in fact took
action directly from the review screen in 39 percent of
the alerts.”* The discrepancy between the numbers is
probably due to situations where patients must be ex-
amined before an action can be taken.

If the number of rules in such systems expands, care
will have to be taken not to overload physicians with
alerts. Some systems, such as one in use at the Uni-
versity of Utah Medical Center, permit physicians to
“subscribe”” to rules in which they are interested
(Pierre Pincetl, MD, oral communication, Nov 1997).
Also, as data become increasingly available in elec-
tronic form, alerting rules can increase in specificity.
For example, if a woman is known to be pregnant,
she could have a different alerting value for glucose
than other patients.

This study has several limitations. The work was car-
ried out at one institution, so the results may not be
generalizable to other settings or institutions. Also, we
found no significant change in patient outcome as a
result of the intervention, although the study was not
designed to have sufficient power to detect such dif-
ferences. Finally, we tested the intervention only with
the subset of the critical laboratory results we felt
were most important to treat urgently; although there
may be many opportunities to use a system such as
this to improve care, the effect may differ if other lab-
oratory results are used. We also excluded from this
analysis alerts that did not definitely require a re-
sponse by the physician (e.g., false positives, alerts for
patients whose status was DNR, and repeat alerts).
This was legitimate because this study examined the
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impact of the alerting system on treatment delays. Fu-
ture evaluations of alerting systems should take all
alerts into account and determine how often they are
deemed useful.

We conclude that the automated alerting system de-
creased the time it took for physicians to respond to
critical laboratory results. Improvements in patient
outcomes should follow. Physicians thought that the
communicated information was important. Informa-
tion technologies can help clinicians detect important
abnormalities in the flood of data they continually re-
ceive.
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