
Introduction

The development of new technologies has dramatically
increased the number of audio and/or visual alarms
available in intensive care units (ICUs) to alert staff of
either changes in a patient's condition or equipment
malfunction.

The alarms are expected to monitor vital cardiocircu-
latory and respiratory functions and to increase the pa-
tients' safety and quality of care by allowing early detec-
tion of any abnormality. About 40 alarms, including

ventilatory alarms, electrocardiogram, arterial pressure
and pulse oximetry (Table 1) can be activated in routine
practice for a patient undergoing mechanical ventila-
tion. Alarms generated by perfusion pump, nutrition
pump, automatic syringe and dialysis system, among
others, must be added to this list.

In a pediatric study by Lawless, 68% of the alarms
were not justified [1]. They produce noise louder than
80 dB, leading to sleep deprivation [2, 3, 4], and continu-
ous stress for both nurses and patients [5, 6]. As a result
of such constant demand, nurses may delay their inter-
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Abstract Objectives: To assess the
relevance of current monitoring
alarms as a warning system in the
adult ICU.
Design: Prospective, observational
study.
Settings: Two university hospital,
and three general hospital, ICUs.
Patients: Hundred thirty-one pa-
tients, ventilated at admission, from
different shifts (morning, evening,
night) combined with different sta-
ges of stay, early (0±3 days), inter-
mediate (4±6 days) and late
(> 6 days).
Interventions: Experienced nurses
were asked to record the patient's
characteristics and, for each alarm
event, the reason, type and conse-
quence.
Measurements and main results: The
mean age of the patients included
was 59.8 � 16.4 and SAPS1 was
15.9 � 7.4. We recorded 1971 h of
care. The shift distribution was
78 mornings, 85 evenings and 83
nights; the stage distribution was 88

early, 78 intermediate and 80 late.
There were 3188 alarms, an average
of one alarm every 37 min: 23.7 %
were due to staff manipulation,
17.5 % to technical problems and
58.8 % to the patients. Alarms origi-
nated from ventilators (37.8 %), car-
diovascular monitors (32.7 %), pulse
oximeters (14.9 %) and capnogra-
phy (13.5 %). Of the alarms, 25.8%
had a consequence such as sensor
repositioning, suction, modification
of the therapy (drug or ventilation).
Only 5.9 % of the alarms led to a
physician's being called. The posi-
tive predictive value of an alarm was
27% and its negative predictive va-
lue was 99%. The sensitivity was
97% and the specificity 58%.
Conclusions: The study confirms
that the level of monitoring in ICUs
generates a great number of false-
positive alarms.
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vention, trying to recognize life-threatening alarms by
sound only. A recent study demonstrated that experi-
enced nurses are able to recognize only 38% of vital
alarms [7]. Therefore, this practice could have severe
consequences when the patient's condition is deteriora-
ting.

The microprocessor-based technology used in current
monitors and ventilators makes it possible to design an
alarm hierarchy according to the part of the monitoring
that is activated. Usually the central monitor is also a mi-
crocomputer acting as a repeater. In commercial systems,
all data and trends are available but no treatment has yet
been implemented to produce ªintelligentº alarms. The
aims of this study were (1) to determine the number and
type of alarms triggered per hour by the monitoring sys-
tem in adult ICUs, (2) to determine alarm relevance by
computing their predictive values, and (3) to emit sugges-
tions to reduce the number of false alarms.

Materials and methods

This study was initiated in the context of a hospital program for
clinical research. Five medical ICUs located in two university hos-
pitals and three general hospitals in Northern France were asked

to participate. A schedule for protocol experiments was esta-
blished to record observations at different stages of the patient's
stay in the ICU and during the different nurses' shifts. The stages
were defined as: early (0±3 days), intermediate (4±6 days) and
late (more than 6 days). The shifts were: morning (7:00 a.m.±
2:00 p.m.), evening (2:00 p.m.±9:00 p.m.) and night (9:00 p.m.±
7:00 a.m.).

Voluntary experienced nurses, paid to record the observations
outside their normal job, acted as observers and were asked to re-
cord the following data:

1. The characteristics (sex, age, diagnosis and Simplified Acute
Physiologic Score (SAPS1) of each patient at admission [8]);
2. The stage, shift, date and starting time of observation, SAPS1,
drug therapy for each observation;
3. The type, reason, and consequence for each alarm.

At patient's inclusion, the monitoring should include at least: elec-
trocardiogram (HR), invasive or non-invasive systemic arterial
pressure (SAP), pulse oximetry (SpO2), expired minute ventilation
(VE), maximum airway pressure (Paw, max), and respiratory rate
(RR). The monitoring of pulmonary arterial pressure (PAP) as
well as capnography (etCO2), and RR measured on capnogram
(RRetCO2) was not mandatory, but recorded when available. The
monitoring integrated into the ventilator was used, whatever the
mode of ventilation. The make of the monitoring equipment was
irrelevant, but was to be noted. At the start of the protocol, alarm
limits were set by the nurse in charge of the protocol, at a fixed per-
centage of the initial value observed during a stable period (Ta-
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cardiocirculatory function

ECG heart rate (HR) high and low limits
anormal QRS complex
successive anormal complex

2
1
1

ST segment 1

noisy signal 1

Arterial pressure systolic
diastolic
mean

high and low limits
high and low limits
high and low limits

2
2
2

Pulmonary arterial pressure systolic
diastolic
mean

high and low limits
high and low limits
high and low limits

2
2
2

respiratory function

Pulse oximetry heart rate (HR)
SpO2
noisy signal

high and low limits
low limit

2
1
1

Capnography respiratory rate (RR)
etCO2
Zero

high and low limits
high and low limits

2
2
1

Ventilator RR
VT
VE
Paw
Peep
FiO2
apnea

high and low limits
high and low limits
high and low limits
high and low limits
low limit
high limit

2
2
2
2
1
1
1

Temperature high and low limits 2

Total n = 40

Table 1 Description of the
available alarms in monitoring
systems within an intensive care
environment



ble 2). When this computation led to a value beyond the vital
threshold (Table 3), the alarm limit was set to the corresponding vi-
tal threshold value. The medical staff in charge of the patient's care
could, after this initial setting, modify the alarm limits according to
their medical practice. For each alarm a form had to be filled out.
Alarms were classified as: due to staff manipulation, due to techni-
cal problems and due to the patient himself (including cough, agi-
tation and complication). The consequence of the alarm was re-
corded as ªnothing doneº when appropriate, or the acts performed
following the alarm were noted. For data analysis, an alarm was
classified according to its degree of emergency: an alarm was con-
sidered as vital when triggered by a parameter value outside the
limits reported in Table 3. Otherwise it was classified as an alert.
On discharge from the ICU, the patient protocol book was com-
pleted with duration of stay and outcome.

The alarm was considered as:

1. True-positive (TP) when followed by an action whatever the rea-
son, including technical problems solved by staff (e.g. sensor repo-
sitioning);
2. False-positive (FP) when leading to ªno actionº;
3. False-negative (FN) when, apart from the planned therapy, a
drug or a ventilatory setting modification induced by clinical status
or laboratory results or a modification of alarm limits was perfor-
med without prior audible alarm;
4. True-negative (TN) was assumed for this study to correspond to
one potential alarm sounding per time interval calculated as the
mean interval between alarm occurrences as observed during the
whole study.

Any patient undergoing mechanical ventilation on admission
could be included in the study. When weaned during the protocol,
the patient remained in the study. For a given patient, observations
were made in the early stage during one shift, then in the interme-

diate stage during another shift and finally in the late stage during
the third shift. As some patients could have left the ICU before
the end of the protocol, some could be included at the intermedi-
ate, or even late, stage. The study was conducted in the five ICUs
over a 16-month period, between November 1996 and February
1998. One hundred thirty-one patients were included (76 male
(58%) and 55 female (42%)) corresponding to 246 observations:
one patient was present for four shifts, 36 for three, 40 patients for
two shifts and 54 for one shift. The distribution by shifts was
78 mornings, 85 evenings, 83 nights; the distribution by stages was
88 early, 78 middle, 80 late, totaling 1971 h of care.

The data issued from the manual records were codified for sta-
tistical analysis performed with the SAS software (SAS Institute,
Carry, N.C.). Descriptive and hypothesis testing methods such as
the chi-squared test were used. Predictive values were computed
as follows: positive predictive value PPV = TP/(TP + FP), negative
predictive value NPV = TN/(TN + FN), sensitivity Se = TP/
(TP + FN) and specificity Sp = TN/(TN + FP).

Results

The patients

The patients' mean age was 59.8 � 16.4 (median = 64)
years, stay duration was 22.1 � 19.5 (median = 16) days
and SAPS1 at admission was 15.9 � 7.4 (median = 15).
The main etiologies were: acute cardiovascular failure
(19.1 %), acute respiratory distress syndrome (20.6 %),
acute respiratory failure of chronic pulmonary diseases
(32 %), severe neurologic diseases (25.2 %), polytrauma
(3.8 %), peripartum distress (1.5 %), self-poisoning
(2.3 %), miscellaneous (3.1 %). Of the 131 patients, 87
survived (66.4 %) and 44 died (33.6 %).

The alarms

There were 3,188 alarms. The mean interval between
alarm occurrences was 37 min per patient. In terms of
drug therapy, 69% of alarms occurred in non-sedated
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cardiocirculatory function

ECG heart rate (HR) high and low limit ± 30%

Arterial pressure systolic high and low limits ± 30%

Pulmonary arterial pressure
(facultative) mean high and low limits ± 30%

respiratory function

Pulse oximetry (HR) (facultative)
SpO2

high and low limits
low limit

± 30%
(x � 5)%

Capnography (facultative) rhythm (RR)
etCO2

high and low limits
high and low limits

± 30%
± 20%

Ventilator RR
VE
Paw

high limit
high and low limits
high limit

± 30%
± 30%
x + 10 cmH20

Table 2 Description of the
alarm limits initially used in the
protocol. Values are given in
percentage of the initial value,
except for SpO2 and Paw

Table 3 Value of limits characterizing vital alarms

60 K HR K 140 b/min
80 K systolic SAP K 160 mmHg
85 K SpO2
3.5 K etCO2 K 9.8 %
5 K VE K 20 l/min
8 K RR K 30 c/min
8 K PAPmean K 30 mmHg



patients. The distribution of alarms according to nurses'
shifts was significantly different (morning: 37.81%, eve-
ning: 34.21 %, night: 26.95 %, chi-squared test p = 0.001
computed with a distribution equivalent to 7/24, 7/24
and 10/24, respectively, i. e. the duration of each shift).
The distribution of alarms according to the stages was
also significantly different (early: 31.93 %, intermediate:
28.26 %, late: 39.81 %, chi-squared test p = 0.001 com-
puted with a distribution equivalent to 88/246, 78/246
and 80/246, respectively, i. e. the number of shifts for
each stage).

An overview of the alarm generation and its conse-
quences is given in Fig. 1. The reason for the alarm was
known in 99% of cases: 24% were induced by staff ma-
nipulation, 17% by technical problems and 59 % by the
patient. Ventilators were the source of the alarm in
37.8 % (26.8 % of which led to action), cardiovascular
monitors in 32.6 % (25.6 % of which led to action), pulse
oximeters in 14.9% (39 % of which led to action) and
capnography in 13.5% (8.8 % of which led to action).
Only 5.9% of the alarms led to calls for a physician

(among which 51.3 % were from cardiovascular moni-
tors, 23.0% from pulse oximeters, 20.9% from ventila-
tors and 4.8 % from capnography), who modified the
therapy in about 2/3 of the cases. Consequences such as
sensor repositioning, suction or modification of the the-
rapy (drug or ventilation) arose from 25.8 % of the
alarms.

The value of the parameter triggering the alarm was
known for only 1982 (62.2 %) alarms: 68.8 % were clas-
sified as alerts and 31.8% as vital alarms. Among the vi-
tal alarms, 28.5 % were induced by staff manipulation,
12.3 % by technical problems and 59.2% by the patients
(Table 4). According to the number of TP (880), FN
(2308), FN (24) and TN (3196) alarms, the PPV was
27%, NPV was 99%, sensitivity was 97% and specifici-
ty was 58%.

Discussion

The characteristics of our patients are similar to those of
the population of patients admitted into French ICUs
[9]. The death rate corresponds to that predicted by the
SAPS1. For a 10-bed ICU, on average, 390 alarms are
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Fig.1 Summary of the reasons and consequences of the alarms



activated a day. Only one quarter of these are followed
by a nurse's or physician's action. A few (6 %) lead to a
call for the physician. In our study, the nurses consi-
dered only 28 % of the alarms as requiring any action,
mainly concerning sensors or alarm limits (47 %). Bron-
chial aspiration represents 26.6 % of the interventions.
Physicians called in decided to perform medical action
in 64% of the cases, mainly concerning drug or ventila-
tory therapy planning.

During the protocol, no major event related to wor-
sening of patients' status occurred without previous
alarm, suggesting that the current monitoring is effective
in detecting vital problems and that the work was well
carried out by the medical staff. This is corroborated by
the very high NPV. However, too many alarms were acti-
vated in the ICU. Considering the huge number of false-
positive alarms reported in this study, one could suppose
that many of them were induced by the design of our
protocol. Indeed the level of initial mandatory monitor-
ing was perhaps higher than required by the patient's
status and the alarm limits were arbitrarily set at � 30 %
of the monitored value as long as they fell into the vital
thresholds. However, the minimal level of monitoring
was defined according to practice and was established
based on the physicians' opinions on a correct setting,
and our results are quite similar to those obtained in a
study conducted in a pediatric ICU, where 94% of the
alarms were reported to have no clinical relevance [1].
This last study was performed in a 16-bed ICU over 7
consecutive days, corresponding to 928 h of care. The
staff member who silenced the alarm also recorded the
sounding and made the classification according to: false
(including technical alarms), significant (resulted in
change of therapy) and induced (by staff manipulation).
On average there was one alarm every 26 min. This aver-
age is close to the rate observed in our study.

When computing predictive values we assumed that
an alarm was true-positive if it was followed by an ac-
tion, for whatever reason. A technical problem solved

by the staff was therefore considered a true-positive
alarm. Other definitions could be proposed: in [1], for
example, only alarms resulting in a change of therapy
were considered as true-positive, and true-negative was
defined as no alarm sounding for 5 min of monitoring
time. In our study, we have chosen to compute the true-
negative value from mean time interval between two
consecutive alarms. Depending on the mode of calcula-
tion, therefore, the predictive values are slightly diffe-
rent but the conclusions remain identical.

We tried to identify the main reasons for the alarms
by classifying according to the categories staff manipu-
lation, technical problems and complications due to the
patient. It can be noticed that staff manipulation was re-
sponsible for 23.4% of alarms, 84 % of which led to no
action. This means that 20 % of audible alarms could
be avoided by the staff's using the key to suspend the
alarm sound for 2 min that is available on all the moni-
toring systems. Room layout often restricts its use and
centralization of this functionality could be helpful with-
out additional risk for the patient as the visual alarm re-
mains active. There were more alarms during morning
shifts than during evening and night shifts; this is due to
greater staff manipulation during the morning than du-
ring the evening and night: 41%, 29.5% and 29.5% in
morning, evening and night shifts, respectively; the dif-
ference is significant.

Technical problems were also more frequent during
morning and evening shifts than during the night
(38.8 %, 39.3 % and 21.9%, respectively, in morning,
evening and night shifts; the difference is significant).
They were often transient alarms without intervention
(in 65% of the cases), mainly due to SpO2, HR(ECG)
and SAP. These technical problems required an inter-
vention in 45% of the cases for SpO2 (sensor repositio-
ning), 53 % for SAP (catheter clearance) and only 24%
for ECG (electrode defects). Such an observation leads
to the conclusion that technical improvement of sensors
is required.
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Table 4 Distribution of alerts and vital alarms according to the alarm reasons

type of alarm alerts vital alarms

staff techn patient missing total staff techn patient missing total

HR (ECG) 42 19 76 0 137 28 52 61 0 141
SAP 22 10 119 2 153 54 15 70 1 140
SPO2 50 35 133 0 218 9 7 22 0 38
HR (SPO2) 0 0 1 0 1 0 0 0 0 0
etCO2 29 1 91 1 122 8 0 14 0 22
RR (etCO2) 8 0 77 0 85 10 0 84 0 94
VE 82 8 216 1 307 48 0 36 0 84
Paw, max 53 1 223 1 278 2 0 21 0 23
RR 9 6 39 0 54 8 1 39 0 48
PAP 4 1 4 0 9 9 1 18 0 28

total 299 81 979 5 1364 176 76 365 1 618



Patient-induced alarms represented 58.2% of the
alarms, 72 % of which were transient, mainly due to
coughing or agitation and not followed by medical staff
action. To decrease the number of transient alarms, the
development of procedures for trend and multisignal
analysis seems necessary. The percentage of sedated pa-
tients was 61.4%, 47.4 % and 35.4 %, respectively, in the
early, intermediate and late stages; this significant diffe-
rence could explain the relatively high rate of alarms ob-
served during the late stage.

Regarding the type of alarms, 27% of alarms on ven-
tilators led to interventions, half of which were bronchi-
al suction. An alarm on a ventilator is the main reason
for modification of the ventilatory therapy. On cardio-
vascular monitors, the majority of alarms concerned
sensor malfunction and 26 % led to interventions. An
alarm on SAP is the main reason for the modification
of drug therapy. On SpO2, nearly half of the alarms con-
cerned the sensor itself, so an improvement of sensor
fastening is desirable. On capnography, only 9 % of the
alarms led to any action and 75% of these were changes
in alarm limits. The reason could be lack of understan-
ding of how to use this parameter.

The classification between alerts and vital alarms was
performed to test if the determination of a given range
for alarm limits could improve the relevance of the
monitoring system. Values of the limits that characte-
rized vital alarms (Table 3) were determined on the
strength of clinical practice. There is no standard to de-
termine these thresholds. They vary from one study or
one ICU to another and are also dependent on the pa-
tient's type. One study conducted on cardiac postopera-
tive patients provided clinically suggestive ranges for
alert and alarm limits on hemodynamic parameters
[10]. Limit values were given as the median value ob-
tained for 21 clinicians. Except for etCO2, the limits
were similar. The difference observed for etCO2
(2.5±6.5% versus 3.5±9.8 % in our study) is strongly de-
pendent on the patient's pathology. Whatever the
threshold values, it could be noticed that quite a lot of
alarms related to technical problems were classified as
vital alarms (Table 4). Taking into account a larger
range obviously induces a decrease in the number of
false-positive alarms but, alternatively, an increase in
the number of false-negative alarms. So, the classifica-
tion cannot be done properly using only threshold va-
lues and it is necessary to develop more sophisticated
criteria to reach a better level of information.

A review of the problems was presented in [11] and
some suggestions were given to remedy some of them.
They concern attempts to standardize warning by the
standard-generating organizations (International Stan-
dards Organization (ISO), ComitØ EuropØen de Nor-
malisation (CEN) and American National Standards In-
stitute (ANSI), among others). Suggestions concern
mainly the design of auditory warnings: ªideally the sig-

nal produced by the alarm system should not only indi-
cate that something is wrong but also give some idea of
what the problem is. Each auditory warning should
have the same meaning wherever it is encounteredº[11].
Another way is to produce ªintelligentº alarms. A re-
view of this perspective is given in [12]: in classical bed-
side monitoring systems, the patient's signals are sensed,
amplified, filtered and acquired. Afterwards, these si-
gnals are processed by algorithms that allow waveform
detection. Some data are computed as characteristic pa-
rameters. Some of them may trigger alarms, usually for
high and low limits. As the number of signals to be han-
dled grows, a large number of alarm thresholds must be
set at the start of the monitoring. The quality of such
alarms deteriorates quickly as the monitored signals
are corrupted by noise. All these problems have led to
the proposal of ªintelligentº alarm schemes where other
factors along with the signal being monitored can be
considered, e. g., pathology, clinical interventions and
so on. One option should be to compute trends and re-
dundancy procedures and to include some knowledge
procedures to produce a higher level of information.
Much work remains to be done to improve the alarm
specificity and there is a need for research into the opti-
mal use of monitoring equipment.

In conclusion, this descriptive study confirms that the
level of monitoring in adult ICUs generates a great
number of false-positive alarms. The results suggest ta-
king some steps to improve the relevance of the moni-
toring: (1) to edit recommendations to define how
much monitoring is necessary for patients according to
the severity of the disease,(2) to modify nurses' habits
and room ergonomics to reduce the number of alarms
during nursing,(3) to refine the alarm algorithms in or-
der to reduce markedly the frequency of false-positive
alarms. At present we are testing some new procedures
based on parameter trends and multiparametric analy-
sis, on data and alarm messages automatically collected
from the cardiovascular monitor and the ventilator
every 5 s and stored in a database.
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