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Abstract
The objective of the study is to assess a HL7 clinical
laboratory risk alert System in hospitalized patients versus
the conventional methodology.
Method: We studied laboratory tests administered to 300
medical patients in the Belgrano Hospital intensive care
unit. We considered two groups of 150 patient tests. In the
first the group (control group), clinical laboratory risk was
diagnosed in a traditional way. In the second group (alarm
group), clinical laboratory risk was diagnosed with an alert
system. The alert was triggered when a patient showed
low or high levels of any of the following variables: blood
glucose, hematocrit, WBCs, arterial blood gases, blood
urea, blood creatinine, blood sodium and blood potassium.

Results: Clinical laboratory risk was detected in 20.3%
of the control group patients of tests while, in the alert
group, clinical laboratory risk was detected in 34.3% of
the patients tests; the difference between the two groups
was significant (p<0.001), with a sensitivity rate of 99%
and a specificity rate of 98%.
Conclusion: Clinical Laboratory risk is more easily detected when using an alert system.
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Introduction

of the health care delivery system — the patient, the care
team, the health care organization, and the encompassing
In the intensive care unit (ICU) it is important to mon- political-economic environment.[5]
itor certain laboratory variables, often several times a day.
Effective clinical alarm management relies on designs
In previous studies we have found that alerts are useful that promote appropriate use, clinicians who take an acin the ICU.[1]
tive role in learning how to use equipment safely over
The importance of the data obtained is such that sig- its full range of capabilities, and hospitals that recognize
nificant changes or unusual values should be communi- the complexities of managing clinical alarms and devote
cated immediately to the health personnel in charge. All the necessary resources to develop effective management
staff must know how to recognize and interpret these crit- schemes.[6]
ical values [2, 3]
There is no particular alarm message standard to HL7
Physicians are faced with the task of comprehending version 2.5; however, there is one in HL7 version 2.6.
and acting on a rising flood tide of information. It is There is an IHE profile that defines the entire infrastructherefore important that systems be in place to help them ture (actors, responsibilities) to manage alarms. Specifmonitor laboratory results.[4]
ically used as an alarm message: the ORU ∧ R40 form
Several studies show the importance of controlling the HL7 v2.6 (7.3.12 ORU – Unsolicited Alert Observation
exchange of information to the delivery of care on all levels Message) (Event R40) [7, 8, 9]
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Figure 1: Flowchart of the study.

Several tools have been developed in the field of
health care using data and information systems systematically; making decisions on the basis of the best available peer-reviewed evidence; applying program-planning
frameworks (often based in health-behavior theory).[10]
Occasionally, the importance of the data obtained requires immediate communication with the health personnel in charge. All laboratory staff must know how to recognize and act on these critical values.[11, 12]
We think a clinical laboratory risk alert on laboratory
values outside particular ranges is better than sending the
data via an HL7 interface from the LIS system to the
EHR, so we did a study to measure the efficacy.
Objective: The objective of this study is to prove
that an alert is a helpful tool for doctors to better detect clinical laboratory risk in hospitals. This was a randomized experiment study with a control group. This
research was carried out in the Belgrano Hospital ICU,
where patient data were gathered in a sequential manner.
We worked with two groups of patients: the control group
and the group in which an alert was utilized .Although all
the doctors were informed about the study beforehand,
both groups of doctors who attended these patients carried out their tasks in the usual way during the study, and
only the doctors who attended patients in the alert group
were informed if patients had values above or below normal in the following variables: blood glucose, hematocrit,
WBCs, arterial blood gases, blood urea, blood creatinine,
blood sodium and blood potassium over or under normal
values. The 8-bed unit is staffed by 10 physicians and
20 nurses and discharges an average of 32 patients per
month. The total starting sample consisted of 300 patient
laboratory tests.
We selected 300 laboratory tests performed on patients
treated at the Belgrano Hospital intensive care unit who
were hospitalized between November 1, 2015, and Decemc 2016 EuroMISE s.r.o.

ber 20, 2015. These patient tests were divided into two
groups through routine random number generation. In
the control group, clinical laboratory risk was detected in
the traditional way, while in the alert group, clinical laboratory risk was detected with the help of an automatic
alert system. (Figure 1)

Figure 2: How the alert engine works.

The criterion standard was created by a committee
of experts who retrospectively analyzed all the information available in the medical records in order to determine
which patients in both groups were at clinical risk.
Inclusion criteria: Patients who underwent blood
glucose, hematocrit, WBCs, arterial blood gases, blood
urea, blood creatinine, blood sodium and blood potassium
tests. Deceased patients were also included.
Exclusion criteria: Patients who did not undergo
lab tests were excluded from this study.
The Alert engine use the standard Health Level Seven
International (HL7). The alert is triggered when a patient
shows low or high levels of the following variables: blood
glucose, hematocrit, WBCs, arterial blood gases, blood
EJBI – Volume 12 (2016), Issue 1
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Figure 3: List of variables.

urea, blood creatinine, blood sodium and blood potassium.

2

Results

The average age of the study population in both
How the alert engine works: The Alert engine regroups
was 67.05 years, with the oldest patient 96 and
ceives and processes data from the Laboratory Informathe
youngest
22 (Table 1).
tion System (LIS) and the Health Information
System (HIS). Low or high levels of the above mentioned variables trigger an alert, and a warning message
displays on the HIS system screen. (Figure 2).

Table 1: Age of sample population.

Alert Control Both
The alert engine is a program created in C] that conTotal
150
150
300
tains the rules for triggering alerts. The alert engine reAge max
93.00
90.00 93.00
ceives patients’ laboratory results from the Laboratory InAge min
34.50
22.00 22.00
formation System (LIS) via HL7 v2.4 messages and then
Average age 67.34
66.76 67.05
processes this information. If the engine detects a critical
value in a patient’s laboratory results, such as low or high
Clinical laboratory risk was detected in 34.3% of the
levels of blood glucose, hematocrit, white blood cells, aralert
group patients, while in the control group, clinical
terial blood gases, blood urea, blood creatinine, arterial
laboratory
risk was detected in 33.8% of the patients,
sodium or arterial potassium, the alarm is triggered.
a non-significant difference between the two groups, as
The algorithm works as follows: The system has a shown in Table 2. The sensitivity was 0.99 and the speciconfiguration table with the variable that we want to con- ficity was 0.98.
trol, its maximum and minimum reference values and with
Table 2: Results alert group.
messages to send in each case (see Figure 3)
The system has a SQL query routine whose parameters
receives the LOINC code, sex and the laboratory value.
This routine returns all alerts that must be displayed and
send them to a function programmed in C], with which
the system builds the message alert in HL7 to be sent to
the EHR.
The alarm sends a message that is displayed on the
electronic health record (EHR) and is the first thing a
physician or nurse sees when the patient’s record is opened
(Figure 2).
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Total
Undetected clinical laboratory risk
Detected clinical laboratory risk

147
130
68

145
131
67

Clinical laboratory risk was detected in 20.3 % of the
control group patients, while in the criterion standard,
clinical laboratory risk was detected in 32 % of the patients; the difference between the two groups was significant (p<0.001).
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Discussion

The results demonstrate that the clinical laboratory
risk alert we built was of significant help. The rate of clinical laboratory risk detection was lower in the group with
no alert system than in the group with an alert system
(20.3% versus 34.3%). The alert had a high sensitivity
and specificity and this fact helped doctors to diagnose
clinical laboratory risk. However, there was a bias in our
method: Control group doctors knew that we were carrying out a research on the clinical laboratory status of
patients in the unit and that they were being monitored.
This might have affected their behavior and, consequently,
the outcome of this research. Clinical laboratory risk in
hospitalized patients is often undiagnosed. After thorough
research, we have not found precedents of this tool being
used in the healthcare industry. In the intensive care unit
of our hospital, we observed that clinical laboratory risk
was higher than we thought, so we considered some strategies to find a method to avoid this problem. Many times
doctors worry about certain pathology a hospitalized patient may have and they underestimate complementary
diagnostic aspects.[13] We think clinical laboratory alerts
are useful to solve specific problems in a certain area, for
a specific group of professionals or in a certain point in
time. We think they cannot be used without any control.
For example, in our hospital, intensive care physicians did
not pay a great deal of attention to patients’ clinical laboratory results and the alert was useful for this.
We designed a study on clinical laboratory alerts using
interfaces with electronic and laboratory reports to collect
information allowing alerts to be generated on possible
clinical laboratory risks. In our study we observed that
this kind of clinical laboratory alert makes the physician
aware of possible clinical laboratory risk and decreases the
patient’s clinical laboratory risk. We think it is very important to use alerts, and in our study we managed to
show their usefulness: Physicians using alerts could diagnose more problems than those who did not receive alerts.
We highly recommend paying attention to the design of
the system: It is important to avoid an excessive number
of alerts on electronic clinical laboratory reports because
the excess of information generates frustration in doctors,
who may skip reading some useful information.
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