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Abstract

BACKGROUND: Today, as many as 1.5 million Americans use \aoftis once in a year. .Response to mechanicalasenti
tion alarms remains to be one of the most challentasks facing physicians, nurses or other megiesdonnel in the
ICU. In the present study we aimed to comparedhpanse times to “vocal alarms” and “visual or hledbnes”.

METHODS: In the present study we developed a system to ateathe “Vocal Alarm” and improve the medical viattir
“Benet 7200 Alarms” with it. Ventilator generatdgetalarms when patient has any problem. The timgctifation &
Deactivation is recorded. The survey was done mrakICU for six days, 3 days with vocal alarmdaBdays with
“Beep” alarms and detected Alarm events then rexbedventy-two hours of data for each type of adaril of events
information saved in the memory and SPSS was osedtérmine difference between two types of alarms.

RESULTS On the average, the duration of the ventilatornadaactivation were 33 + 21 seconds for vocal adaamnd

60 = 46 for audible “Beep” alarms. The responsesirfor vocal alarms were significantly lower (P.60L).

CONCLUSIONS: The response times for normal “Beep” alarms wengédo than vocal alarms.

KEY WORDS: Medical ventilator, vocal alarm, equipment alagstem.

medical ventilator, an automatic ma-
Achine that moves breathable air me-

chanically into and out of the lungs,

would provide the mechanism of
breathing for a patient, who is physically una-
ble to breathe, or breath insufficiently.! Nowa-
days, as many as 1.5 million Americans per
year use ventilators. Ventilators help prema-
ture infants breathe until their lungs are more
developed and help patients recovering from
the effects of anesthesia and sedatives given
before and during surgery. Patients with heart
disease, Chronic Obstructive lung disease, ac-
cident victims, and other emergency care may
also require mechanical ventilators.2 In hospit-
al, alarm sounds are found everywhere; for ex-
ample, there are about 50 alarms in the operat-
ing room and intensive care unit, not just in the
clinical ward. Near to 20 years has become a
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greater attention to patient safety,® when
alarms generated by medical equipments, few-
er than half would be recognized by medical
personal.* When we work in ICU and same
area for a long term and find that alarms are
used in many medical equipment applications,
but they are often work less than optimal be-
cause their design and implementation do not
always take the customer idea and needs.?
Whereas all ventilators are equipped with
alarms and detect critical events. Ventilator
alarms are only audible beeps that are often
difficult to hear outside of the patient's room.
Moreover, the more number of false-positive
alarms generated by medical equipment; this
problem is because of that the ventilator
alarms can blend in with other accustomed
sounds of the intensive care unit (ICU) 5. It is
very important in patient management, As a

* MSc Student, Department of Nursing, School of Nursing and Midwifery, Isfahan University of Medical Sciences, Isfahan. Iran.
** BS of Electrical Engineering, Isfahan University of Technology, Isfahan. Isfahan, Iran.

**BS of Electrical Engineering, Isfahan University of Technology, Isfahan, Iran.

*** BS of Electrical Engineering, Alzahra University Hospital, Tehran,.Iran.

wxek MD, Assistant professor, Department of Anesthesiology, Isfahan University of Medical Sciences, Isfahan, Iran.

Correspondence to: Soheila Mojdeh, MSc
Email: mojdeh@alzahra.mui.ac.ir

This article was derived from MSc thesis in the Isfahan University of Medical Sciences.

26

IINMR/Winter 2011; Vol 16, No 1


http://www.mui.ac.ir

Designing the vocal alarm and improving medicaltaior

result, some critical ventilator alarms go unre-
cognized for periods of time that result in
permanent patient harm or death. In 2002, the
Joint Commission on Accreditation of Health-
care Organizations published a new Sentinel
Event guideline aimed at preventing ventila-
tor-related deaths and injuries.

In 2002, Joint Committee for the Accredita-
tion of Healthcare Organizations reviewed 23
reports of death or injury that were related to
mechanical ventilation. Nineteen of those
events resulted in death, and four resulted in
coma; 65% were related to alarms. The issues
included delayed or no response to the alarm;
the alarm was off or set incorrectly; no alarms
were present for certain types of ventilator dis-
connections; or the alarm was not audible in all
areas of patient care.® Reports of ventilator
alarm failures are continuing. It is interesting
that in unstressed conditions humans do not
easily learn and remember the significance of
more than eight sounds, and in a study, the re-
sults were interesting in the sense that staff did
not recognize all the alarms. The ICU nurses
correctly identified only 39% of alarm sounds.”
although , A few studies were done that de-
tected response times to alarms in ICU health-
care workers but we reviewed previous studies
to see anesthetists responses, that results
showed , more quick response to visual or audi-
tory alarms.® Likewise, another study found
that only eight (0.5%) out of 1,455 alarms
soundings in the ICU, indicated potentially life-
endanger problems.® In fact, medical personnel
were often the first line people to respond to the
ventilator events. In some situations, the venti-
lator alarm is heard, but valuable time would be
lost while the nurses try to determine which
alarm is activated on the ventilator. There are
many reported problems with auditory warn-
ings in critical care areas such as the intensive
care unit (ICU).10

Based on our previous experience, we
needed to find a method to notify medical per-
sonnel of critical ventilator events that would be
accurate, reliable, and instantly recognizable
and also find a way that ventilator alarms
would not blend in with other accustomed
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sounds of the intensive care unit ( especially in
multi chamber ICU type).

In the present study we aimed to compare
the response times to “vocal alarms” and “visu-
al or audible ones”. Since visual alarms re-
quired to be looking at the monitor in order to
see, the alarm's cause and audible alarms can be
blend in with other accustomed sounds of the
intensive care unit.

Method

This study focused on the alarms of mechanical
ventilators in the Multi chamber ICU Type. The
repeated vocal sounding of ventilator alarm
was a major reason that causes nurses pre-
sented at the patient’s bedside. At the time of
the study, Siemens and Bennett 7200 mechani-
cal ventilators were used in ICU of ST. Alzahra
hospital. The visual signal of these tools was a
15 mm diameter red light positioned on the top
of the machine and the type of audible alarms
used in this setting were beeps of the type in-
corporated into many medical devices. We se-
lected Bennett 7200 mechanical ventilator with
12 visual or auditory alarms to determine pa-
tient's problems and 3 alarms for mechanical
ventilator failures. these alarms include;High
pressure limit, Low inspiratory pressure, Low
PEEP/CPAP pressure, Low exhaled tidal vo-
lume, Low exhaled minute volume, High respi-
ratory Rate, Inspiratory /Expiratory Ratio (LE),
Apnea, Low pressure O2 INLET, Low pressure
Air INLET, Exhalation Valve Leak, Low Battery,
safety valve open, ventilator inoperative and
back up ventilator.

We developed a system to evaluate the
“Vocal Alarms” and enhance the medical venti-
lator “Bennett 7200 Alarms” with it. Ventilator
generated the alarm(s) when patient had any
problem. The time of alarm Activation and
Deactivation was recorded in EEPROMs (Elec-
trical Erasable Programmable Read only Memo-
ry). Proposed system recognized the alarms by
checking their relevant LEDs (Light Emitting
Diode) status, and a laptop computer, which
was connected to the system over the ventilator
machine, and recorded the time. The visual sig-
nal was a 15 mm diameter red light positioned

27


http://www.mui.ac.ir

Designing the vocal alarm and improving medicaltaior

on the top of the machine. The audible “Beep”
alarm had a sound like many other medical de-
vices. The vocal alarms of our system were de-
signed in Persian language and assigned priori-
ties, by which the system chooses the most criti-
cal alarm to play. A pilot study was done in
central ICU for six days (3 days with vocal
alarms and 3 days with “Beep” alarms). Anoth-
er issue is that sound alarms are often required
to be self-checked when ventilator turns on. For
example, during self-checking states of the
equipment or when it is being checked by anes-
thetist or medical personnel, the new piece
would perform self -check of the vocal sounds
as well. During a four-month study (March
2007through June 2008), we designed and im-
plemented the system which then was tested
several times in medical equipment mainten-
ance unit. Some of the alarms were generated
manually to test the vocal alarms with different
tones, voices, play speeds and loudness settings.
On average, the ventilator vocal alarms length
was between five to ten-seconds.

The vocal ventilator alarm system was in-
itially tested in Central ICU of Alzahra Hospital

Mojdeh et al

from June through September 2008. This system
checks the activation and deactivation events
every one second. The ventilator also reports
date and time (table 1).

This report was saved as an Excel file. The
analysis of ventilator events information not
only increased our knowledge about the num-
ber and duration of the events, but also allows
respiratory care management to identify venti-
lator problems and showed the trend of the
ventilator events during the past 3 days.

For trial, we determined the normal ventila-
tor alarm settings and turned on the ventilator
with our system (vocal alarm) and then it was
connected to a patient. The monitor program on
the system recorded the ventilator events in-
formation in its memory. After 3 days, the ven-
tilator alarms returned to their original states
(Beep mode). Then, we recorded the ventilator
events for another 72h. (This system now col-
lects this information for all types of ventilator
events). Finally, the ventilator event informa-
tion were analyzed by T student test to deter-
mine difference between two alarms type mean
and drawing graph on Excel software too.

Table 1. A ventilator alarm report

Alarm Type Activation and Deactivation (A/D) Date Time
15 A 2008-08-13 12:48:41
00 A 2008-08-13 12:48:47
02 A 2008-08-13 12:48:53
05 A 2008-08-13 12:49:02
06 A 2008-08-13 12:49:11
13 A 2008-08-13 12:49:11
15 D 2008-08-13 12:49:11
01 A 2008-08-13 12:49:17
03 A 2008-08-13 12:49:34
05 D 2008-08-13 12:49:44
Table 2. Statistics of response times to ventilator alarms in central ICU
Ventilator Alarm N M ean Std
Deviation
Vocal 1734 0:00:46 0:00:21
Beep 563 0:00:33 0:01:00
p-value =0:001 T=4.945 df =2295

28

IINMR/Winter 2011; Vol 16, No 1


http://www.mui.ac.ir

Designing the vocal alarm and improving medicaltaior

Time

0.02:18

0.02:01

0.01:44

0.01:26

0.01:09

0.00:52

0.00:35

0:00:17

0.00:00

1st day 2ndday 3dday

=¢—=vocalalarm ==beep alarm

Mojdeh et al

Figure 1. Comparison of the mean response times among beep and vocal ventilator alarms for
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Figure 2. Comparison of the mean response times among beep and vocal ventilator alarms for all
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Figure 3. Frequency of ventilator alarms during the study
Results data were composed the period time of venti-

The data included seventy-two hours record-
ings (1734 alarm events) for vocal alarms, and
also seventy-two hours recording (563 alarm
events) for audible “Beep” alarms. Then, we
used T student test to compare the means of
the response times to ventilator alarms in the
beep and vocal ones in central ICU. On the av-
erage, the duration of the ventilator alarms ac-
tivation were 33+21 seconds for vocal alarms
and 60 * 46 for audible “Beep” alarms
(Table 2). Most ventilator alarms were re-
sponded within 25 to 35 seconds during the
data analysis for this project, we observed that
all of the alerts were activated and deactivated
(responded) within one minute or less. Other
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lator events, and the comparisons of the mean
response times among beep and vocal ventila-
tor alarms for alarm number 13. Alarm num-
ber 13 represents a combination of all alarms
together, which is shown in Figures 1, 2 and 3.

Discussion

The study results indicate that the vocal alarms
were noted and recognized better from the
outset. The vocal alarms would be easy to lo-
calize, resistant to masking by other sounds
and therefore, they would not easily miss and
interfere with other communications. In addi-
tion, at the critical moments, when it is neces-
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sary, they would be easy to distinguish from
other alarms, and easy to retain. Another ad-
vantage of the vocal alarms is clear detection of
the problems without necessity of any pre-
learning. This is because of that the system of
the Bennett 7200 mechanical ventilators were
developed to distinguish among different
types of alarms generated by the ventilator.
Our result showed that the mean of the re-
sponse times reduced for vocal alarms.

While, other studies reported that audible
alarms recognized 39% of the time by nurses
and 40% of the time by anesthetists and oper-
ating-room technicians correctly,?® this study
showed that not only people learn and re-
member vocal alarms better than the other
audible sounds, but also, they would respond
more quickly to them. This study additionally
identified that the majority of problems an-
nounced by ventilator alarms (27%), were
caused by low PEEP/CPAP or Low exhaled
tidal volume and they were showed as dis-
connection.

Another problem the staffs that have the
experience working in ICU account for is the
number of false alarms that sound. These
alarms activate when the patient moves, dur-
ing respiratory tract suction or when electrodes
are loosen; they do not necessarily signal a
change or deterioration in the condition of the
patient. An Australian study of 2,000 incident
reports identified only 317 incidents responsi-
ble for problems with ventilators and discon-
nections caused the majorities (47%).1! another
study to determine the predictive value of
alarms from pulse oximeters, end-tidal PCO»
monitors, ventilators, and electrocardiographs
in a pediatric ICU found that 68% were false
and the positive predictive value for ventilator
alarms was only 3%.12

A study in the department of Anesthesia, St
George Hospital, Sydney, measured and com-
pared the response times to audibly or visually
presented alarms in the operating theatre. The
response times by the anesthetists to cancel
randomly generated visual and audible false
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alarms were measured during maintenance of
routine anesthesia. Alarms were generated and
times were recorded by a laptop computer on
the anesthetic machine. The visual signal was a
15 mm diameter red light positioned next to
the physiological monitor mounted on the top
of the machine. The audible alarm was a Sona-
lert buzzer of the type incorporated into many
medical devices. Their result indicated that ni-
neteen anesthetists provided a total of seventy-
two hours of data (887 alarm events). The re-
sponse times to visual alarms were significant-
ly longer than the response times to audible
alarms (it is not necessary to be reported).13
The research data suggested that vocal alarms
appear to be much better in the hospital envi-
ronment. This study suggests that it is safer to
rely on speech alarms when time-critical in-
formation such as oxygenation percentage, ap-
nea, and ventilator disconnection is happened.
Audible alarms would appear to be more ap-
propriate for conveying less urgent informa-
tion. On the other hand, researchers initially
proposed using melodic alarms for medical
environments. Those alarms were consisting of
a sequence of notes of different pitches in a dis-
tinctive rthythm and the urgency would be in-
dicated by playing the notes more rapidly.
Their approach to alarm design was using,
single all-purpose alarms, priority based
alarms, equipment-based alarms, risk-based
alarms, and risk-and-response based alarms.
Selecting the latter, Kerr proposed alarms for
hypoxia, ventilator problems, cardiovascular
problems, interruption to perfusion, drug ad-
ministration problems, and thermal risk, each
in a low and high level of alarm and distin-
guished by melodic changes. There have been
several evaluations of the melodic alarm rec-
ommendations. They have found that the res-
ponses to the medium-priority alarms were
faster and more accurate than responses to the
high-priority alarms. One would expect that a
response to the high-priority alarms is faster
and more accurate than those to the medium-
priority alarms, but this was not the way the
fact was.1
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In our study, anesthetists or medical per-
sonnel suggested that it is better for sounds to
vary in their patterns, number of tones in each
alarm, and to increase the sounds tone after
several repetitions.

Sobieraj et al study of the audibility of pa-
tient clinical alarms to nursing personnel was
done during the first shift on a medi-
cal/surgical in-patient ward at William Beau-
mont Army Medical Center. The study was
conducted during normal hospital operations,
to determine whether patient alarms could suf-
ficiently compete against environmental back-
ground noises. Patient clinical alarms were
audible at distances of 95 feet or more with the
room doors open, but they were not sufficient-
ly audible to hospital staff members when the
room doors were close or during floor-buffing
activities. They suggest that, under these cir-
cumstances, hospitals may not meet Joint
Commission on Accreditation of Healthcare
Organizations 2004 National Patient Safety
Goal, Section 6b. Because the audibility of pa-
tient clinical alarms directly affects patient
safety, satisfaction, and quality of care. They
provide recommendations for engineering con-
trols and modifications to work routines.’s Al-
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so, at the end of this research, medical person-
nel suggested that, infant large leaks around
the endotracheal tube can be problematic due
to the difficulty of maintaining tidal volume
(patient cycling) of the ventilator causing fre-
quent alarming. This issue needs further sur-
vey in the future. The new vocal /audio venti-
lator alerts were very distinct from any other
type of alarms in the ICU and were virtually
impossible to ignore. This will serve the design
purpose to prevent prolonged duration of crit-
ical ventilator events. Although the Speech
was not send to the nursing stations, but it
could heard in the patient’s room even if the
door was close. Ventilator alarms generated
during patient procedures may also represent
patient discomfort.

The authors declare no conflict of interest in
this study.

Acknowledgement
Medical Image and Signal Processing Research

Center of the Esfahan University of Medical
Science supported this research. The authors
wish to thank the ICU staff of St. Alzahra Hos-
pital for their assistance.

1. http://en.wikipedia.org/wiki/Medical_ventilator alable in.12/18/2009
2. Joint Commission on Accreditation of Healthcare &higations. Preventing ventilator-related deatltsiajuries. Sen-

tinel Event Alert. 2002 Feb 26; 25:1-3.

3. Edworthy J, Hellier E. Alarms and human behaviowplications for medical alarms. British Journal Arfesthesia

2006; 97(1):12-17

4. Momtahan KL, Tanslet BW, Hetu R. Audibility and id#ication of auditory alarms in the operating no@nd inten-

sive care unitErgonomics 1993; 361159-76

5. Chambrin MC, Ravaux P, Cavelo-Aros D, Jaborska Rgpin C, Boniface B. Multicentre study of monitagialarms
in the adult intensive care unit (ICU): descriptargalysisintensive Care Med. 1999;25:1366-6.

6. Phillips J. Clinical alarms: complexity and comnsanse. Crit Care Nurse Clin North Am. 2006;18(2Z):58

7. Meredith Ch, Edworthy J. Are there too many alamthe intensive care unit? An overview of thelpeons. A Jour-

nal of advance nursing. 1995; 21(1):15-20

8. Morris RW, Montano SR. Response times to visual amditory alarms during anesthegiaesth Intensive Care. 1996;

24:682-4.

9. Scott Evans R, Johnson KV, Vrena B. Flint and eEahanced Notification of Critical Ventilator Exen] Am Med

Inform Assoc. 2005; 12(6): 589-595.

10. Bender HJ, Frankenberger H, Ryll C, Albrecht MDeTperformance of respirator alarms during simulatéital
events in CMV/IPPV artificial respiratiodnesthetist. 1993; 42:365—75.

11. Russell WJ, Web RK, Vander Walt JH, Runciman WBe Pustralian incident monitoring study. Problem#hwien-
tilation: an analysis of 2002 incident repoAsaesth Intensive Care. 1993; 21:617-20.

32

IINMR/Winter 2011; Vol 16, No 1


http://www.mui.ac.ir

Designing the vocal alarm and improving medicaltaior Mojdeh et al

12. Lawless ST. Crying wolf: false alarms in a pedcaintensive care uniCrit Care Med. 1994; 22: 981-5

13. Morris RW, Montano SR. Response times to visualamitory alarms during anesthesia. Anesth IntenGiare. 1997
Aug; 25(4):432-3

14. Sanderson P, Wee A, Seah E, Lacherez P. Auditaryna] medical standards, and urgency. Proceedfrye d 2th
International Conference on Auditory Display, Londb/K, 2006 ;June :20-23, available in:
http://www.itee.uq.edu.au/~cerg/publications/ICADBAAuditoryAlarms-v14.pdf .12/18/2009

15. Sobieraj J, Ortega C, West |, Voepel L, Battle 8hiRson Audibility of patient clinical alarms to $mital nursing per-
sonnelMil Med. 2006; 171(4):306-10.

IINMR/Winter 2011; Vol 16, No 1 33


http://www.mui.ac.ir

