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Abstract

The contemporary practice of monitoring physiologic parameters in the critical care setting is based on alarm systems with
high sensitivity but low specificity. A natural consequence of this approach is a massive amount of alarms, which potentially
leads to fatigue in the personnel and negatively impacts the quality of care provided. The study objective is to determine the
prevalence, types, and determinants of alarms in a neurological critical care unit (NCCU) prototype. During a one-month
period corresponding to 272 days of monitoring in 34 patients, nursing staff recorded the type and number of sounding
alarms in a university NCCU. Alarms were categorized into three types as type-A alarms that were merely handled by the
nursing staff, type-B alarms that were primarily managed by nurses, but the physician was also notified, and type-C alarms
that were principally handled by NCCU physicians. There were a total of 9439 alarms, with an average of daily 34.7 alarms
per bed, corresponding to one alarm every 41.4 min. Most of the alarms were type-A (57.7%), followed by type-B (39.2%)
and type-C (3.1%) alarms. Alarms originated from electrocardiogram (34.6%), pulse oximeter (33.7%), noninvasive blood
pressure monitoring (9.8%), respiratory monitoring (9.7%), intravenous fluid pumps (4.5%), ventilator (3.9%), enteral pumps
(2.1%) and invasive blood pressure systems (1.7%). A noticeable diurnal variation was observed for type-A pulse oximeter,
type-A and -B ECG alarms (increase during morning shifts), and type-A ventilator alarms (decrease during morning shifts).
Alarms are highly prevalent in NCCUs and can correspond to an important portion of the workload.
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1 Introduction

The long-standing paradigm of intensive care includes
timely achievement and maintenance of normal physiol-
ogy in critically ill patients in addition to administration
of disease-specific treatment modalities. The mainstay of
this approach is the efficient monitoring of physiological
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parameters. Available monitoring strategies, using numbers
for measuring physiological parameters and waveforms for
assessing measurement quality, are currently based on alarm
systems usually equipped with a high-pitched sound, which
generally continue to beep unless silenced by human inter-
vention. Reflecting the natural objectives of the monitoring
mentality, alarms utilized by almost all of the monitoring
techniques are highly sensitive but not that specific. The con-
sequence is a multitude of continuously sounding alarms
and high-level noise which makes the intensive care unit
(ICU) unbearable for patients and care providers [1]. It is
well established that high ambient noise disturbs the sleep
quality of ICU patients, and disturbed sleep has a negative
impact on prognosis via a number of mechanisms, including
slower healing, impaired immune response, and decreased
cognitive function [2]. Furthermore, nurses and other ICU
personnel’s continuous requirement of high-level alertness
to alarm sounds, numbers, waveforms, etc. is quite exhaus-
tive. Inevitably, this causes fatigue and desensitization to
mostly rhythmic and monotonous alarm signals [3]. Moni-
tor alarm fatigue, a newly recognized problem in critical
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care units, possibly increases with the number of param-
eters being monitored, and sometimes results in decreased
responsiveness of care providers to physiologic aberrations.
A high incidence of false alarms might also be a contribut-
ing factor to this phenomenon. The overall effect of moni-
tor alarm fatigue on ICU prognosis is currently a matter of
discussion [4, 5].

The significance of physiological alarms has been well
studied in medical ICU’s [6, 7]. However, different charac-
teristics of the patients and environment may prevent direct
applicability of these results to the neuroscience ICU’s
(abbreviated as “NCCU” for Neuro-Critical Care Unit).
Therefore, there is an unmet need to perform specific studies
to describe the prevalence and characteristics of alarms in
regular NCCU’s and validate their predictive and prognostic
role in patient care. Our documentation can be considered
the first effort in this regard. In addition, monitoring of spe-
cific cerebral parameters such as intracranial pressure (ICP),
electroencephalographic activity, brain metabolism and oxy-
genation, and cerebral blood flow in addition to systemic
parameters, albeit not explicitlytested in this study, undoubt-
edly increases the burden of alarms in advanced NCCU’s.

In this study, we studied the intensity of patient monitor-
ing alarms and how they were resolved in a standard NCCU,
by using a new alarm categorization to evaluate the work-
sharing in the management of alarms.

2 Methods and patients

This prospective study was performed in a nine-bed NCCU
setting at Hacettepe University Hospitals, Turkey. The unit is
run in three shifts; the day-time team consists of two neuro-
intensivists, two residents, 14 nurses, six nurse assistants,
and one visiting neuro-intensivist. Evening and night shift
teams consist of one senior resident, three nurses, three
nurse assistants, and one on-call neuro-intensivist. For this
study, we collected data consecutively from a total of 34
patients that were admitted during one month, which in total
corresponded to 272 days of monitoring (bed occupancy
rate 97%).

2.1 Patients’ characteristics

There were 18 female [mean + standard deviation,
“SD”: age: 65+ 18 years] and 16 male (mean =+ SD age:
64 + 11 years) patients in the study. Twenty-six (77%)
patients were admitted to the NCCU because of acute and/
or complicated neurovascular disease: massive intracerebral
hemorrhage in eight, large middle cerebral artery/internal
carotid artery infarction in five, post-thrombolysis observa-
tion in four, vertebrobasilar stroke with impaired conscious-
ness in three, post-procedural hyperperfusion syndrome in
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two, space-occupying cerebellar infarction that later necessi-
tated posterior decompression in one, dural sinus thrombosis
in one, intra-infarct hematoma complicated by pulmonary
thromboembolism in one and anterior cerebral artery infarc-
tion complicated by pneumonia in one. The other admission
diagnoses included status epilepticus in three, meningoen-
cephalitis/encephalitis in two, Guillain-Barré syndrome in
two and myasthenic crisis in one patient.

The average daily Simplified Acute Physiology Score II
(SAPS 1II) [8] was 27.9+12.1 (range: 6 to 78) and SAPS-
II based predicted mortality rate was 13 +17% (range: 0.5
to 91.4%). The mean + SD of Glasgow coma scale (GCS)
total score was 12.2 +3.4 (19.7% between 3 and 8; 27.4%
between 9 and 13; and 52.7% between 14 and 15).

Excluding three patients who died, the mean + SD modi-
fied Rankin score [9] at the time of NCCU and hospital
discharge were 4.03 +1.08 and 3.0+ 1.39, respectively. The
modified Rankin score was less than three in nine (29%)
patients and less than four in 19 (61%) patients at the time
of hospital discharge.

2.2 Monitoring settings

Altogether, 272 days of monitoring were evaluated. The
mean + SD time of monitoring per patient was 8 +6.9 days
(median 6, range: 1 to 29). In all patients, oxygen satura-
tion, electrocardiogram (heart rate and rhythm), respiratory
rate and rhythm, and noninvasive systolic/diastolic blood
pressure (NIBP) were monitored with Philips IntelliVue®
MP20 system. The same system was used for invasive blood
pressure (IBP) monitoring on 44 (16%) days. In addition
to bedside monitors, all these parameters could be moni-
tored by two central stations (Philips IntelliVue Information
Center®) located in the nursing desk and physician room
at the unit, which enabled remotely turning off the alarms
without going to the bedside. At least one intravenous infu-
sion pump (Abbott Plum-A® IV infusion set) was used
on all days. Enteral feeding via nasogastric, orogastric or
jejunal tube was performed by an enteral nutrition infusion
pump (Abbott Kangaroo® 624 enteral feeding pump) on
210 (77%) days. Invasive mechanical ventilation was pre-
sent on 120 (44%) days; mechanical ventilators used were
Magquet servo i® with main-stream capnography (87 days)
and Engstrom carestation® with side-stream capnography
(33 days). No patient necessitated noninvasive mechanical
ventilation during the study period. Oxygen supplementation
was utilized on 266 (98%) days. End-tidal PCO, monitoring
without mechanical ventilation was performed on only four
days and therefore was not analyzed further. Albeit used dur-
ing the study period and available in the unit, alarms from
video-electroencephalography and ICP monitoring were not
analyzed due to their low frequency of usage.
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2.3 Definition of alarms

Alarms were classified into three categories according to
how and by whom they were dealt with:

Type-A alarms were alarms cleared by simple nursing
measures and were perceived by the nurses as not signifi-
cant enough to notify the physicians. These were mostly
technical or patient-induced alarms. Examples of technical
alarms include detachment of oxygen saturation probes or
electrocardiogram (ECG) electrodes. Examples of induced
alarms are enteral or intravenous infusion pump failures
due to folding or blockage of the tubing set because of
the movement of the patient. It is important to note that
this category of alarms is not simple in every incidence
and may be secondary to very critical situations such as
disruption of the ventilator circuit integrity.

Type-B alarms were alarms in which the physicians
were informed by the nursing staff but were considered
benign so that no further diagnostic evaluations were car-
ried on. Examples include readings outside the thresholds
set for heart rate, blood pressure, oxygen saturation or
mechanical ventilation parameters. These alarms neces-
sitated no therapeutic interventions at all or were handled
by simple measures such as increasing the FiO, by intro-
ducing an oronasal mask instead of a nasal cannula or
reestablishing the limits of the alarm parameters.

Type-C alarms were alarms that were considered seri-
ous, requiring diagnostic and therapeutic interventions
primarily by the physicians. Examples are ECG, pulse
oximetry or capnometry changes necessitating immediate
therapeutic interventions or new diagnostic tests such as
cardiac enzymes or arterial blood gas analyses.

As a general example, infrequent premature supraven-
tricular or ventricular beats, irregular heart rate due to
known atrial fibrillation, low-degree tachycardia and brad-
ycardia are type-A alarms; hemodynamically insignificant
short-duration atrial tachycardia, medium-degree tachycar-
dia and bradycardia are type-B alarms; and finally extreme
high or low heart rate or serious ventricular arrhythmias
are type-C alarms.

The nurses marked all alarms in the pre-prepared forms
according to the classification mentioned above. The forms
were then reviewed daily by the investigators to avoid
misclassifications. Alarms automatically recorded on the
devices were not taken into consideration. Unless a patient
required a specific adjustment, universal limits were used
in the alarm initiation settings. It is important to note that
two types of alarms were not included in this study. The
first is “anticipated induced alarms”, which are the alarms
originating from manipulation of the patient or monitor-
ing system by staff such as encountered during suctioning
or repositioning. The second is “initialization alarms”,
which are the alarms occurring during a certain period

until the device or system is optimized after switched on
or reconnected.

2.4 Statistical analysis

All numerical values are given as mean + SD, median +1QR
(Interquartile range), and percent as appropriate. Distribu-
tion normality was determined by Kolmogorov—Smirnov
and Shapiro—Wilk tests as appropriate. Students’ t, paired-
t, Mann—Whitney U, chi-square and exact tests were used
appropriately according to the numerical/categorical or
paired/independent character of the data. Correlation analy-
sis was performed with the Pearson test. The Pearson cor-
relation coefficient (r) between 1 and 0.8 was categorized as
"very strong", 0.6 to 0.8 as "strong", 0.6 to 0.4 as "moder-
ate", 0.4-0.2 as "weak" and less than 0.2 as “negligible (or
very weak)".Diurnal variation of the variables was tested
with analysis of variance for repeated measures. In this hour-
based 24-h long analysis, the Greenhouse—Geisser method
was used appropriately for testing within-subjects effects
and the Bonferroni method for adjustment of confidence
intervals for multiple comparisons. The significance level
for the p value in correlation analysis was accepted as 0.012
after Bonferroni correction. In other evaluations, p value
lower than 0.05 was set as the statistical significance level.
SPSS®22.0 statistical package-program (IBM SPSS Statis-
tics for Windows, IBM Corp., Armonk, NY) was used for
the analyses.

3 Results

In total, 9439 alarms corresponding to an average of 34.7
alarms per day and 1.45 alarms per hour for every bed were
noted by the nursing team during the study period. The
majority of alarms were type-A (n=5446, 57.7%) and type-
B (n=3700, 39.2%). Type-C alarms were present on only
293 (3.1%) occasions (1.07 per day).

Out of the 9439 alarms, 3,183 (33.7%) were related to
monitoring oxygen saturation. This corresponded to an aver-
age of 11.7 alarms per day (Table 1). At least one alarm was
noted on 248 (90.8%) monitoring days. Of these, 2.5% were
considered type-C and noted on 15 (5.5%) days. A low-grade
negative correlation was noted between SAPS-II scores and
type-A and -B alarms but not with type-C ones (Table 2).
SAPS-II scores were higher on days without saturation
alarms (33.5+15.3 vs. 27.3+11.6, p=0.014). No correla-
tion with GCS (total and its sub-items) and saturation alarms
were noted (Table 2). Type-A saturation alarms showed a
significant diurnal variation (Fig. 1a), indicating an increase
during the first half of the morning shift (between 9:00 and
12:00) and a decrease in the early morning (between 04:00
and 07:00) (F=5.198, p<0.001).
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Table 1 Alarm frequencies

Table 2 Correlation between alarm numbers and SAPS-II and GCS

Type of alarm Type-A  Type-B Type-C Total
Saturation
n 1758 1347 78 3183
Daily average per 6.4+6.7 49+11.0 0.29+1.57 11.7+13.9
bed
Median(IQR) 5(0-31) 0(0-83) 0(0-13) 8 (0-85)
ECG
n 2096 1139 31 3266
Daily average per 7.7+8.5 4.17+10.6 0.11+0.84 12.0+13.9
bed
Median(IQR) 6 (0-66) 0(0-90) 0(0-11) 8 (0-99)
NIBP
n 172 675 72 921
Daily average per 0.6+2.1 2.4+7.4 0.3+1.5 34+7.8
bed
Median(IQR) 0(0-20) 0(0-55) 0(-16)  0(0-66)
RR
n 670 238 6 914
Daily average per 2.5+5.1 09+2.7  0.02+0.25 3.35+5.71
bed
Median (IQR) 0(-31) 0(-17) 004 0(0-31)
IV pump
n 420 2 2 424
Daily average per 1.5+3.2 - - 3.16+10.0
bed
Median(IQR) 0(0-19) Oand2 Oand 1 0 (0-19)
Enteral pump*
n 197 2 1 200
Daily average per 0.94+1.8 - - 0.95+1.78
bed
Median(IQR) 0(0-9) Oand2 1 0(0-9)
Ventilator*
n 94 239 36 369
Daily average per 0.8+2.3 2.0+54 0.3+2.1 3.1+6.7
bed
Median(IQR) 0(0-12) 0(-36) 0(-18) 0(0-36)
IBP*
n 37 58 67 162
Daily average per 0.14+1.5 0.21+15 0.25+3.0 0.59+4.1
bed
Median(IQR) 0(-23) 0(-18) 048  0(0-51)

IBP invasive blood pressure, /QR inter quartile range, IV intravenous,
NIBP non-invasive blood pressure, RR respiratory rate. *n=210 for
enteral pump; n= 120 for ventilator usage; n=44 for IBP

The total number of ECG alarms was 3266 (34.6% of
total) with a daily mean of 12.0 (Table 1). At least one ECG
alarm was recorded on 241 (88.6%) days. Type-C alarms
constituted 0.9% of all ECG alarms and were present on
11 (4%) days. There was no significant correlation between
ECG alarm types and SAPS-II score (Table 2). No difference
was noted on days with and without ECG alarms in terms
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Monitoring modality Type SAPS-II GCS-total
r P r P

Oxygen saturation A —-0.201 0.001*  0.135 0.025
B —0.128 0.034 0.032 0.601
C -0.027 0.656 —0.059 0.331
Total —0.202 0.001*  0.084 0.167
Electrocardiogram A —0.030 0.621 0.092 0.130
B 0.089 0.145 -0.054 0.337
C 0.122 0.064 —0.134 0.027
Total  0.055 0.361 0.017 0.907
Non-invasive blood A —0.206 0.001*  0.100 0.098
pressure B 0.022 0.719 0.107 0.076
C 0.065 0.286 0.067 0.267
Total —0.021 0.735 0.140 0.020
Respiratory A -0.107 0.079 -0.005 0.930
B —0.097 0.109 0.115 0.058
C —0.084 0.165 0.067 0.270
Total —0.145 0.016% 0.053 0.384
Intravenous infusion A —0.093 0.127 0.043 0.477
pumps B —0.034 0571 0.033  0.592
C —-0.024 0.694 —0.104 0.088
Total —0.094 0.120 0.042 0.494

Enteral infusion pump A 0.193 0.001* —0.116 0.055
B -0.075 0.220 0.015 0.806
C 0.046 0452 -0.073 0.229
Total  0.189 0.002* —0.118 0.052

Ventilator A 0.260 0.001* —0.184 0.002*
B 0.241 0.001* —-0.176 0.003*
C 0.204 0.001* —0.185 0.002*
Total  0.331 0.001* —0.250 0.001*

Invasive blood pressure A 0.233 0.001* —0.164 0.007*
B 0.144 0.017* -0.148 0.015*
C 0.208 0.001* —-0.201 0.001*
Total  0.288 0.001* —0.260 0.001*

“Significance level was set at p=0.012 as per Bonferroni'’s correction

of the average SAPS-II scores (25.9+15.5 vs. 28.1 +11.6,
p=0.322). There was no correlation between ECG alarms
and GCS scores (Table 2). Type-A ECG alarms again
increased during the first half of the morning shift (between
9:00 and 12:00), while a decrease of both type-A and -B
alarms were noted in the early morning (between 04:00
and 07:00) (Fig. 1b) (F=6.543, p<0.001 for type-A ECG
alarms; F=2.391, p=0.013 for type-B ECG alarms).

In sum, 921 NIBP alarms (9.8% of all alarms) were noted.
The average daily NIBP alarm number was 3.4 (Table 1).
There was at least one NIBP alarm on 123 (45%) monitoring
days. Type-C NIBP alarms generated 7.8% of these kinds of
alarms and were noted on 17 (6.2%) days. A negative corre-
lationtrend was noted between the SAPS-II score and type-A
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Fig. 1 Diurnal variation of alarm subtypes. ECG electrocardiogram, /BP invasive blood pressure, /V intravenous, MV mechanical ventilation,
NIBP non-invasive blood pressure, RR respiratory rate, SO, oxygen saturation. *p <0.05 (significant), *p <0.1 (trend)

NIBP alarms but not with type-B and C ones (Table 2).
SAPS-II scores were not different on days with and without
NIBP alarms (31.5+10.9 vs. 27.6 +12.1, p=0.199). NIBP
alarms were not correlated with GCS scores (Table 2). NIBP
alarms did not show a significant diurnal variation (Fig. 1c¢).

There were 914 respiratory rate (RR) alarms (9.7% of
all alarms) with an average of 3.4 per day (Table 1). There
was at least one RR alarm on 125 (46%) monitoring days.
Type-C RR alarms comprised 0.7% of these kinds of alarms
and were noted on 3 (1.1%) days. A weak but still significant
negative correlation was noted between the SAPS-II score
and total RR alarm number (p=0.016); however, this cor-
relation did not reach statistical significance when analyzed
separately for alarm subgroups (Table 2). SAPS-II scores
were significantly less on days without RR alarms compared
to those without (24.7 +£8.4 vs. 30.5+ 14.0; p<0.001). No
correlation was observed between RR alarms and GCS
scores (Table 2). RR alarms did not show a significant diur-
nal variation (Fig. 1d).

There were a total of 424 (4.5%) alarms originating from
intravenous infusion pumps. These types of alarms were
noted with an average of 3.1 per day (Table 1). There was
at least one intravenous pump alarm on 108 (40%) monitor-
ing days. Type-C intravenous pump alarms were noted on
only two occasions. No significant correlation was evident
between the SAPS-II score and intravenous pump alarm
incidence (Table 2). SAPS-II scores were not significantly

different on days with alarms in comparison with those with-
out (27.6+10.3 vs. 28.1+13.2; p=0.782). Infusion pump
alarms were not correlated with the GCS score and did not
show a significant diurnal variation (Table 2 and Fig. le).

There were 200 (2.1%) alarms caused by enteral infu-
sion pumps. These type alarms were noted at an average of
0.94per day used (Table 1). There was at least one enteral
pump alarm on 74 (35%) monitoring days. Type-C alarm
was noted on only one occasion. A significant but marginal
correlation was noted between the SAPS-II score and type-A
enteral pump alarm number (Table 2). SAPS-II scores were
not different on days with alarms compared to those with-
out (31.9+11.9 vs. 29.2+13.2; p=0.141). No correlation
was noted between enteral infusion pump alarms and GCS
scores (Table 2). Enteral infusion pump alarms did not show
a significant diurnal variation (Fig. 1f).

Mechanical ventilators were used on 120 (44%) days.
The average SAPS-II score was significantly higher in these
days compared to those during which mechanical ventila-
tors were not used (40.0+13.3 vs. 21.5+5.7, p<0.001).
Ventilator alarms were noted on an average of 3.1per day
(Table 1). Nurses informed physicians on at least one alarm
on 44 (37%) of the days’ mechanical ventilation was used.
A type-C alarm was noted in 36 (9.8%) of the occasions.
Ventilator alarms were positively correlated with SAPS-II
(r values between 0.204 and 0.331) and negatively (r values
between -0.118 and -0.185) with GCS (Table 2). SAPS-II
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scores were significantly higher on ventilator days than those
without (41.3 +14.7 vs. 32.9+11.4; p=0.001). A-type ven-
tilator alarms showed a nonsignificant trend to decrease dur-
ing late morning shifts (Fig. 1g).

Invasive blood pressure (IPB) monitoring was used on
44 (16%) days. Out of 162 alarms noted, 37 were type-A,
58 were type-B, and 67 were type-C. At least one alarm
was noted in 13 (30%) days out of all days IBP monitor-
ing was performed. Invasive blood pressure alarms were
also positively correlated with SAPS-II and negatively
correlated with GCS. This was weakly significant (r value
varied between 0.144 and 0.288 for SAPS-II, and -0.164 to
-0.260 for GCS) or simply indicated the presence of trend
(For type-B alarm) (Table 2). SAPS-II score was slightly
higher on days when IBP monitoring was done (31.7+17.5
vs. 27.1+10.7; p=0.023). No diurnal variation was noted
(Data not shown).

4 Discussion

Our study indicates that the frequency of physiological
alarms occurring in NCCUSs’ is comparable to those in medi-
cal ICU’s. In a multicenter study of monitoring alarms held
in five adult medical ICU’s, an average of one alarm was
recorded every 37 min [6]. In our cohort, we detected one
alarm every 41.4 min on average for a bed. As we excluded
“anticipated induced alarms” and “initialization alarms”,
the frequency might be slightly higher than medical ICU’s,
considering that at least one-quarter of the alarms were due
to staff manipulation in the mentioned study [6]. Besides,
more frequent use of cerebral monitoring tools and frequent
transfer of patients to radiology suits may further increase
alarm frequency in other NCCU’s which routinely admit
neurotrauma patients in contrast to ours.

Because each alarm should be checked promptly at the
bedside, their high frequency adds a lot to the workload of
ICU nurses who are in the first position to respond to an
alarm. According to most ICU policies, determining the
importance of alarms and deciding which alarms are critical
is under their responsibility. In our study, on approximately
60% of occasions, the nurses solved the problems by them-
selves without notifying the physicians. On the other hand,
physicians were called to the bedside in 40% of alarms,
of which only one in 10 occasions was critical enough to
require diagnostic or major therapeutic intervention. In other
words, nurses handled an alarm every 41 min (312 times a
day in our nine-bed unit) on average, while senior physicians
go to the bedside for this reason just 1.07 times (9.6 times
in our nine-bed unit) per day. This number is slightly less
but still comparable to the frequency published for medical
ICU’s [7]; for example, compared to 3.1% in our study, the
incidence of type-C alarms was 5.9% in the aforementioned
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multicenter study [6]. It is important to note that this alarm
classification scheme does not indicate a grade of priority
and importance but merely categorizes the use of human
resources in terms of workload needed for taking care of
the alarms. For example, a type-A alarm such as ventilator
circuit disconnection is a high-priority alarm indicating an
urgent situation that requires immediate attention; in contrast
a type-C alarm such as an inspiratory peak pressure thresh-
old alarm in a ventilated patient may not be that important.
Therefore, we cannot classify alarms as false and true or
relevant and irrelevant from the perspective of clinical vital-
ity based on our data.

We detected a relationship between alarm type and the
involvement of the treating physician. Similar to the previ-
ous studies performed in other subspecialty ICU’s [7, 10,
11], the vast majority of the alarms occurring in NCCU
originate from saturation and ECG monitoring [68.3% of all
alarms, corresponding to almost one alarm per hour (0.988)
for a bed]. The attending physicians were actively involved
in only 3.4% of these incidences. In terms of alarms origi-
nating from respiratory rate, infusion pumps, and enteral
pumps, the senior physicians’ involvement is in the range of
1%. On the other hand, physician involvement was higher in
NIBP and ventilator alarms (7.8% and 9.8%, respectively).
Although the reason was primarily technical, physicians
were directly involved in a significant portion (41.4%) of
alarms related to invasive arterial blood pressure measure-
ment. As the correlation with SAPS-II and GCS scores
are marginal or absent, it would not be wrong to state that
this increased frequency of physicians’ involvement with
ventilator and invasive monitoring might be related to rela-
tive under-confidence or inexperience of nurses with these
devices and their techniques, rather than the severity of the
clinical status.

While no diurnal variation was recorded for invasive
and noninvasive blood pressure, respiratory rate, enteral
and parenteral pump alarms, we detected a significant,
albeit weak, diurnal variation in type-A saturation and ECG
alarms (decreases during early morning but increases during
late in the morning). Although not specifically analyzed in
this study, this might reflect the sleep-wakefulness cycle of
patients, with more alarms observed during early hours of
awakening and relative nursing personnel surplus. On the
other hand, we observed relatively more ventilator alarms
during evening and night shifts which cannot be explained in
the same way and seemingly is also not related to the attitude
of the nursing staff because there was no increase in invasive
blood pressure alarms during the same periods.

The frequency and types of alarm signals and the underly-
ing causes are not significantly different between NCCU’s
and other subspecialty ICU’s, in terms of alarms related to
cardiovascular and respiratory monitoring, and those origi-
nating from ventilators and intravenous or enteral perfusion.
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Albeit cerebral monitoring alarms further complicate the
situation in NCCU’s, other specific monitoring tools are also
available in other ICU’s such as those associated with aortic
balloon pumps in the coronary care units. Therefore, any
strategy developed for alarm reduction could be applicable
widely regardless of ICU type. Optimizing alarm settings
at regular intervals or after any change in clinical status is a
significant part of the workload of caregivers in the NCCUs.
The increased workload and high-level nuisance seem to be
a significant problem with negative consequences beyond
discussion. However, we cannot say that a reasonable solu-
tion for this problem has been found [12]. Expansion of the
number of the nursing team is usually suggested but is not
economically feasible. Continuous education, flexible nurs-
ing policy, and ergonomic unit design, along with better
sensor and measurement technology, were not successful
in reducing the number of alarms [13, 14]. Similar to auto-
matic pilot technology introduced for aircraft, a technologi-
cal system taking human and human-related errors beyond
the central point may be of pivotal importance. However,
available signal analysis and data management algorithms
for alarm generation, grading, and discrimination of sig-
nificant events from false ones are currently in their infancy
in this respect [15]. A system automatically recognizing
“anticipated induced” and “initialization” alarms such as
those occurring during suctioning, mobilization, and clean-
ing to reduce the total number of alarms is considered a good
step in the right direction [7]. However, even if this goal
is achieved, the burden associated with alarms will still be
significant, as demonstrated in our study, where such alarms
were excluded.
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