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Advanced Pulse Oximeter
Signal Processing Technology
Compared to Simple
Averaging. I. Effect on
Frequency of Alarms in the
Operating Room

Aart T. Rheineck-Leyssius, MD,*
Cor J. Kalkman, MD†
Department of Anesthesiology, Twenteborg Hospital, Almelo, The Netherlands

Study Objective: To determine the effect of a new signal processing technique (Oxismart™,
Nellcor, Inc., Pleasanton, CA) on the incidence of false pulse oximeter alarms in the
operating room (OR).
Design: Prospective observational study.
Setting: Nonuniversity hospital.
Patients: 53 ASA physical status I, II, and III consecutive patients undergoing general
anesthesia with tracheal intubation.
Measurements and Main Results: In the OR we compared the number of alarms
produced by a recently developed third generation pulse oximeter (Nellcor Symphony™

N-3000) with Oxismart™ signal processing technique and a conventional pulse oximeter
(Criticare™ 504). Three pulse oximeters were used simultaneously in each patient: a Nellcor
pulse oximeter, a Criticare with the signal averaging time set at 3 seconds
(Criticareaverage3s) and a similar unit with the signal averaging time set at 21 seconds
(Criticareaverage21s). For each pulse oximeter, the number of false (artifact) alarms was
counted. One false alarm was produced by the Nellcor (duration 55 sec) and one false
alarm by the Criticareaverage21s monitor (5 sec). The incidence of false alarms was higher in
Criticareaverage3s. In eight patients, Criticareaverage3s produced 20 false alarms (p , 0.01).
Conclusions: Our study did not show a beneficial effect in the OR on the incidence of false
alarms of the Nellcor monitor with Oxismart™ signal processing compared with the
Criticare monitor with the longer averaging time of 21 seconds. © 1999 by Elsevier
Science Inc.
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Introduction

The majority of pulse oximeter alarms in the operating room (OR), postanes-
thesia care unit (PACU), and intensive care unit are false.1–5 Recently, manu-
facturers have designed pulse oximeters specifically for use in difficult monitor-
ing situations when patients are moving, when they are poorly perfused, and
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when there is electrical or optical interference. In a
clinical study in the PACU, the incidence of false alarms
was reduced by improved signal extraction technology.6

However, as of this writing, the effect on the incidence of
false alarms in the OR is unknown. In a prospective
clinical study, we investigated the incidence of false alarms
in the OR generated by a recently developed pulse oxime-
ter (Nellcor Symphony™ N-3000, Nellcor Inc., Pleasanton,
CA) with Oxismart™ signal processing dedicated to rejec-
tion of artifacts, compared with a conventional pulse
oximeter (Criticare™ 504, Criticare Systems Inc., Wauke-
sha, WI).

Materials and Methods

The Ethics Committee of the Twenteborg Hospital ap-
proved the study protocol, and all patients gave informed
consent to participate in the study. We prospectively
collected 100 episodes of hypoxemia in 53 ASA physical
status I, II, and III patients (18 to 65 years). All patients
were scheduled to undergo surgical procedures with gen-
eral anesthesia and tracheal intubation. Patients with
preexisting hypoxemia were excluded. The intraoperative
period was divided into three phases: induction of anes-
thesia (the period from start of monitoring until start of
surgery), surgery, and emergence from anesthesia (the
period from end of surgery until transfer from the OR to
the PACU). In each patient, three pulse oximeters were
used simultaneously to monitor oxyhemoglobin saturation
(SpO2) in the OR. The probes of the pulse oximeters were
applied in unplanned fashion to the second, third, and
fourth finger of the hand opposite the blood pressure cuff.
The probes were neither fixed with tape nor shielded from
ambient light. SpO2 alarm limits were set at 90%. We
studied the following pulse oximeters:

● Nellcor Symphony N-3000, a third generation pulse
oximeter with Oxismart™ signal processing technique.
This signal processing technology incorporates three
design features: differential amplification of the input
signal, the application of a series of signal-quality tests,
and motion-detection testing of identified pulses. The
monitor applies automatic adjustment of the averaging
time depending on the quality of the signal in such a
way that longer averaging time is used during poor
signal conditions;

● Criticare 504, a conventional second generation pulse
oximeter manufactured in 1988, with the signal averag-
ing time set at 21 seconds (Criticareaverage21s);

● Criticare 504 (as described above), with the signal
averaging time set at 3 seconds (Criticareaverage3s).

Analysis of Hypoxemia and Alarms

The anesthesiologist recorded manually episodes of prob-
able hypoxemia together with the time of occurrence. The
following criteria were used to detect hypoxemia:

● Cyanosis,

● Alarm (SpO2 # 90%) of at least one pulse oximeter and
decreasing SpO2 values of at least one of the two other
pulse oximeter(s) and interpreted by the anesthesiolo-
gist as probable hypoxemia on clinical grounds,

● Alarm (SpO2 # 90%) was considered to be caused by
artifact and not by hypoxemia if the pulse oximeter was
unable to determine the appropriate pulse when com-
pared with electrocardiographic pulse rate.

SpO2 values with alarm status of the three pulse oxime-
ters were stored every 5 seconds on hard disk. This data
array, combined with the manually written record, was
used to determine off-line the following events:

● True alarm: SpO2 alarm that coincided hypoxemia;
● False alarm: SpO2 alarm that did not coincide hypox-

emia;
● “Loss of pulse” alarm: occurred if the plethysmographic

signal did not have the required minimum amplitude or
signal quality to calculate SpO2 values. If the Nellcor
detected a “loss of pulse” status, a high-priority alarm
sounded after 16 seconds, unless the device detected
patient movement; in that case, a low-priority alarm
sounded after a delay of 60 seconds. In contrast, a “loss
of pulse” condition in the Criticare immediately trig-
gered an alarm (different sound from the SpO2 alarm).
“Loss of pulse” alarms were indicated by a specific code
in the data file.

Statistical Analysis

For each monitor, we counted the number of patients with
at least one alarm (true, false, “loss of pulse”) and the
absolute number of alarms. Differences between pulse
oximeters were analyzed using Chi-square tests. A p-value
less than 0.05 was considered statistically significant. Data
are presented as counts, median durations, and ranges.

Results

Median duration of monitoring was 69 minutes (range 13
to 361, cumulated duration 4033 min). Induction of
anesthesia lasted 14 (3 to 41) minutes, surgery 44 (5 to
314) minutes, and emergence from anesthesia 9 (3 to 24)
minutes).

Table 1 shows the number of alarms for each monitor.
The Nellcor generated one false alarm (duration 55 sec)
and the Criticareaverage21s generated one false alarm (du-
ration 5 sec). The incidence of false alarms was higher in
the Criticareaverage3s (p , 0.01). In eight patients,
Criticareaverage3s produced 20 false alarms (median dura-
tion 10 sec, range 5 to 95 sec); two false alarms occurred
during induction of anesthesia (hypotension and malpo-
sition of the probe), 15 during surgery [electrocoagula-
tion (14) and probe malposition (1)] and three during
emergence from anesthesia (patient movement). Nellcor
generated “loss of pulse” alarms in three patients [3
episodes, cumulated duration 7 min, low priority (1), high
priority (2)]. Criticareaverage21s generated “loss of pulse”
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alarms in four patients (6 episodes, 6 min) and
Criticareaverage3s in five patients (11 episodes, 2 min).

Thirty-six of the 53 patients (68%) experienced one or
several episodes of hypoxemia. The median duration of
hypoxemic episodes was 30 seconds (range 5 to 445 sec);
57% occurred during induction of anesthesia, 13% during
surgery, and 30% during emergence from anesthesia. All
(100) hypoxemic episodes triggered the alarm of at least
one monitor. Hypoxemia triggered the alarm of the
Criticareaverage3s more often than the alarms of the other
two monitors (p , 0.01). Fifty hypoxemic episodes (medi-
an duration 55 sec, range 5 to 445 sec) triggered the alarm
of three monitors, 19 hypoxemic episodes (20 sec, range 5
to 145 sec) triggered the alarm of two monitors, and 31
hypoxemic episodes (10 sec, range 5 to 130 sec) triggered
the alarm of one monitor.

Discussion

In the present study in the OR, we found no difference in
the frequency of alarms between the third generation
pulse oximeter with dedicated signal processing technique
and the conventional pulse oximeter with the longer
averaging setting. Because the frequency of false alarms of
all three pulse oximeters was much lower than previously
reported, the additional benefit of adding “intelligent”
artifact rejection over the conventional pulse oximeter
with the shorter averaging time was limited in this partic-
ular setting.

Previous studies reported that most pulse oximeter
alarms in the OR are false and caused by artifacts and not
hypoxemia. Kestin et al.5 estimated that 85% of pulse
oximeter alarms (SpO2 #85%) in the OR were false (75%
movement, 23% electrocautery, and 2% ambient light).
Movement, malposition of the probe, vasoconstriction,
hypotension, electrocautery, or ambient light may result in
an artificially low SpO2 value irrespective of the actual
hemoglobin saturation.1,3,4,7 The number of false alarms is
underestimated when artifacts are erroneously classifiec as
hypoxemia. However, this possibility cannot explain the

low incidence of false alarms in the present study because
low SpO2 values were defined as hypoxemia only if strict
criteria were met. A possible explanation for the low
incidence of false alarms might be continuous improve-
ments in pulse oximeter probe design. Although we used
a conventional pulse oximeter that was designed more
than a decade ago, the probes currently in use have been
updated several times. The effect of improved probe
quality has not been studied to date, and the possibility
exists that the high incidence of artifacts reported by
previous investigators was caused by poor probe design
rather than the actual pulse oximeters used.

Dumas et al.6 studied in the PACU a prototype pulse
oximeter (Masimo SET™, Masimo Corp., Irvine, CA) with
sophisticated signal extraction technology, comparing it
with a conventional monitor. The alarm frequency de-
creased from once every 13 minutes to once every 30
minutes, but still 59% of the alarms were false. Most
artifacts in the OR are transient; in one study, more than
90% of the false alarms lasted less than thirty seconds.3 An
option to reduce the frequency of false alarms is to
increase the signal averaging time. In our study, a signal
averaging time of 21 seconds compared with 3 seconds was
effective in eliminating transient false alarms, which is
consistent with the hypothesis that most pulse oximeter
artifacts in the OR are short lasting.

The short signal averaging time of 3 seconds was
selected to produce a monitor with fast SpO2 response.
Criticareaverage3s was more sensitive in detecting brief
hypoxemic episodes than the other two monitors, but
specificity was lower because of the inherent trade-off
between sensitivity and specificity. The primary purpose of
averaging the signal over longer periods is to prevent false
alarms, but, as a consequence, transient episodes of hy-
poxemia will not be detected. Longer lasting episodes of
hypoxemia are displayed with a time delay that is depen-
dent on the signal averaging time. Averaging time in the
Nellcor is not fixed but increases when the quality of the
signal deteriorates. The number of hypoxemic episodes
detected by the Nellcor was equal to the Criticare monitor

Table 1. Comparison of Three Pulse Oximeter Strategies to Reduce False Alarms in the Operating Room

SpO2 Display

Nellcor Criticareaverage21s Criticareaverage3s

No. of
Alarms

No. of
Patients

No. of
Alarms

No. of
Patients

No. of
Alarms

No. of
Patients

False alarms1 #90% 1 1 1 1 20 8*
‘‘Loss of pulse’’ alarm2 Dashes 3 3 6 4 11 5
True alarms3 #90% 63 60 96*

SpO2 5 oxyhemoglobin saturation as measured by pulse oximetry; Nellcor 5 Nellcor symphony N 3000 pulse oximeter, with signal averaging time
dependent on the quality of the signal, Criticareaverage21s 5 Criticare 504 pulse oximeter, with signal averaging time set at 21 seconds;
Criticareaverage3s 5 Criticare 504 pulse oximeter, with signal averaging time set at 3 seconds.
1Alarm that did not coincide with hypoxemia.
2the plethysmographic signal did not have the required minimum amplitude or signal quality to calculate SpO2 values. The alarm of the Nellcor
was delayed by 60 seconds if movement was detected, or by 16 seconds if movement was not delayed. There was no delay by the Criticare.
3Alarm that coincided with hypoxemia.

*p , 0.01.
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with the longest averaging period (21 sec). Although a fast
response of the SpO2 may result in an earlier intervention
by the anesthesiologist, it is unlikely that this will influence
outcome.

False alarms may have a detrimental effect on clinical
care.8,9 Pulse oximeters with “intelligent” software to dif-
ferentiate between hypoxemia and artifact are developed
for monitoring sessions in which frequent false alarms
occur. However, claimed improvements in monitor hard-
ware or software should be validated by clinical stud-
ies.10,11 In the present study, false pulse oximeters alarms
were not a major problem in the OR. In this particular
setting, we were unable to demonstrate additional benefit
of the new generation pulse oximeter over a conventional
pulse oximeter with a 21-second averaging time.
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