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Leo Langga, Jisoo Oh, David López, Nancy Blake, Edward McField, Justin Hotz,
Leonardo Nava-Guerra, Kelby Knox, and Richard Chinnock

BACKGROUND: Clinical alarms play an important role in monitoring physiological parameters,

vital signs and medical device function in the hospital intensive care environment. Delays in staff

response to alarms are well documented as health care providers become desensitized to increased

rates of nuisance alarms. Patients can be at increased risk of harm due to alarm fatigue. Current lit-

erature suggests alarms from ventilators contribute significantly to nonactionable alarms. A greater

understanding of which specific ventilator alarms are most common and the rates at which they

occur is fundamental to improving alarm management. METHODS: A retrospective review was

performed on alarms that occurred on the Avea and Servo-i ventilators used in the pediatric ICU

and pediatric cardiothoracic ICU at a major metropolitan children’s hospital. High- and medium-pri-

ority alarms, as classified by the manufacturer, were studied between June 1, 2017, and November

31, 2017. Descriptive data analysis and a 2-proportion z-test were performed to identify proportional-

ity, cause, and prevalence rates in the pediatric ICU and the cardiothoracic ICU. RESULTS: Eleven

distinct ventilator alarms were identified during 2,091 d of mechanical ventilation. The Inspiratory

Flow Overrange alarm (42.4%) on the Servo-i, Low VTE (20.4%; expiratory tidal volume) and

Circuit Integrity alarm (20.0%) on the Avea were the most prevalent causes according to ventilator

type. Medium-priority alarms comprised 68.7% of all Servo-i alarms, and high-priority alarms com-

prised 84% of all Avea alarms. The 2-sample test of proportions was significant for differences

between both areas (P < .001). The overall alarm prevalence rate was 22.5 ventilator alarms per ven-

tilator-day per patient. CONCLUSIONS: The cause and proportion of alarms varied by ventilator

and care unit. High-priority alarms were most common with the Avea and medium-priority alarms for

the Servo-i. The overall combined ventilator alarm prevalence rate was 22.5 alarms per ventilator-day

per patient. Key words: ventilator alarms; frequency; prevalence; proportionality; cause; rate; alarm
fatigue; critical alarm; alarm priority; pediatric intensive care unit. [Respir Care 2021;66(4):541–550.
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Introduction

Clinical alarms and physiologic monitors are pervasive

and are an established part of critical care in the hospital

setting. The goal of physiologic monitors and clinical

alarms is to provide early warnings to redirect attention to a

potential impending critical event, thereby allowing early

intervention and prevention of a critical event.1 Physiologic
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monitors provide audible and visual alerts as parameters

move outside of set alarm thresholds.

Many medical devices also possess their own monitoring

alarm systems. For example, ventilators, intravenous infu-

sion pumps, feeding pumps, hospital beds, and other medical

devices have their own unique alarms adding to the milieu of

sounds that are seen, heard, and experienced in the hospital

setting. Some medical devices are highly complex. A few

ventilators offer > 100 different types of alarms.2 In addi-

tion, there are large proportions of nonactionable clinical

alarms that do not require clinical intervention and contribute

to what has been described as alarm fatigue.3-6 The ubiqui-

tous prevalence of alarms can cause caregivers to become

desensitized, exhibited through delayed or ignored responses

to ventilator alarms in the ICU.7-9

Ventilator alarms may contribute to alarm fatigue by

adding to the total number of nonactionable alarms.

Ventilator alarms comprise 16–45% of all clinical alarms

generated in the operating room setting.3,10 A large pro-

portion of ventilator-specific alarms (as high as 73% in

the adult ICU) are nonactionable.11 The high proportion of

nonactionable ventilator alarms is closely connected to

the current issues surrounding alarm fatigue and patient

safety.

The concern with alarm safety is at the forefront of

regulatory agencies, professional organizations, and

patient safety organizations. The Emergency Care

Research Institute (ECRI) highlighted the danger of ex-

cessive nonactionable alarms by reporting alarm fatigue

as their number one safety concern for 2 successive years

in 2012 and 2013. Further, ECRI reported health technol-

ogy hazards related to alarm alert and notification over-

load as one of their top 10 concerns for 2020.12 For more

than a decade, the Joint Commission and FDA, a govern-

ment regulatory agency that establishes regulations and

standards and provides oversight for medical devices,

have drawn attention to alarm safety as a concern through

their official communications, safety initiatives, and rec-

ommendations. In 2003, the Joint Commission high-

lighted alarm safety as a National Patient Safety Goal

and raised the concern even higher through the 2013

Joint Commission Sentinel Report.13 Ninety-eight alarm-

related events were reported to have occurred nationally

between 2009 and 2012; 80 of these cases ended in

death.13 In 2010, the FDA received 2,500 ventilator-

related adverse event reports, and approximately 33%

were found to be due to alarm-related issues.14 No recent

studies were available on ventilator-related injuries.

As health care organizations strive for zero patient harm,

one clinical alarm- or medical error-related death is too

many.15 A single ventilator alarm incident can result in

patient demise and be a tragedy for the patient, family,

staff, and organization. Ventilator alarms can add a signifi-

cant burden to the concerns surrounding alarm fatigue.

Understanding ventilator alarm characteristics such as

alarm rates, proportionality, and variations due to ventilator

design are some of the fundamental details needed to

enhance alarm safety. The purpose of this study was to

determine the frequency, prevalence rates, and cause of

high- and medium-priority ventilator alarms. This new

knowledge can help policymakers be more strategic in

developing alarm practice standards that are directed at the

most common types of alarms. Lastly, manufacturers can

utilize these findings in the design of more effective and

consistent alarm systems to help reduce the overall alarm

burden caused by ventilator alarms.

Methods

A retrospective study was performed on ventilator alarm

occurrences for 2 common types of ventilators used in the

pediatric ICU (PICU) and pediatric cardiothoracic intensive

care unit (CTICU) between June 1, 2017, and November 31,

2017 (110 d) at Children’s Hospital Los Angeles, a major
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Current knowledge

Ventilator alarms make up a large segment of all clinical

alarms in the pediatric ICU and have added to the overall

burden of alarm fatigue. However, alarm characteristics

such as prevalence rates, proportions, and causes are not

well understood. Very little has been published on alarm

management practices and guidelines. Understanding

ventilator alarm characteristics could be an important

first step in an evidence-based approach to develop poli-

cies for alarm management.

What this paper contributes to our knowledge

Ventilator alarms occurred in pediatric ICUs at a preva-

lence rate of 22.5 ventilator alarms per day of mechani-

cal ventilation. The most common ventilator alarms

were related to high inspiratory flow, high respiratory

frequency and high airway pressures. Ventilator alarm

proportions were significantly different between the

brands of ventilators.
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metropolitan children’s hospital in Los Angeles, California.

Study approval was obtained from the institutional review

boards at Children’s Hospital Los Angeles and Loma Linda

University. Collected data included ventilator alarm infor-

mation for the Avea ventilator (Carefusion, San Diego,

California) and the Servo-i ventilator (Maquet, Rastatt,

Germany) gathered through the proprietary Philips monitor

alarm audit tool (Philips IntelliVue PIIC iX system,

Amsterdam, Netherlands).

The ventilator alarm log report included Apnea, Circuit

Integrity, High Airway Respiratory Rate (awRR), High

peak inspiratory pressure (Paw), High Minute Ventilation

( _VE), High Tidal Volume (VT), Low Peak Pressure (Ppeak),

Low PEEP, Low Exhaled VT (VTE), Low/High _VE, and

Inspiratory Flow Overrange. Circuit Integrity and

Inspiratory Flow Overrange alarms were proprietary alarms

unique to the Avea ventilator and the Servo-i, respectively,

and both alarms were determined by manufacturer software

algorithms. The Circuit Integrity alarm on the Avea was

activated when the ventilator sensed a circuit occlusion

condition on the inspiratory or expiratory limb. The

Inspiratory Flow Overrange alarm on the Servo-i occurred

when a combination of parameter settings created a condi-

tion outside of the allowable inspiratory flow range. For

example, in the infant mode, if the subject required inspira-

tory flows exceeding 33 L/min, the Inspiratory Flow

Overrange alarm was activated.

The standard clinical policy and procedure for setting

ventilator alarms was followed for this study, and no modi-

fications were made during this study period. Institutional

ventilator alarm policy consisted of high pressure limit set

at 10–15 cm H2O above peak inspiratory pressure; low

pressure limit at 5 cm H2O below peak inspiratory pressure;

low _VE at not less than one half of the patient’s measured
_VE; and FIO2

6 10% of baseline (Table 1). The bedside

clinician’s clinical judgment was used to determine appro-

priate alarm parameter settings for alarms not covered in

policy.

During the study, the Servo-i ventilator was the favored

ventilator in the CTICU due to staff comfort and familiar-

ity. The Avea was preferred for the PICU because of its

ability to measure transpulmonary pressure. The Servo-i

ventilator was also used in the PICU. Patients admitted to

the PICU on ventilators other than the Avea or Servo-i ven-

tilators were excluded from the study due to technical limi-

tations on data collection (ie, the Sensormedics 3100a,

Sensormedics 3100b, and home ventilators did not have the

capability to interface with the Philips middleware and data

collection system).

Data analysis was performed using Matlab (version

9.4, MathWorks, Natick, Massachusetts) and Microsoft

Excel (Microsoft, Redmond, Washington) to quantify

ventilator alarm frequency, prevalence rate, proportion-

ality, and type of alarms activated according to clinical

settings and alarm priority. The alarm priority designa-

tion of low-, medium-, and high-priority alarms was

determined according to the manufacturers’ interpreta-

tion of existing guidance, requirements, and recommen-

dations from the FDA. Professional organizations such

as the American Association for Respiratory Care

(AARC) provided expert opinion through a ventilator

consensus statement.16 Collected alarm data were also

analyzed in subgroups based on the 2 different types of

ventilators. A 2-sample z-test of proportions between

the PICU and the CTICU was performed to identify dif-

ferences in alarm prevalence rates for common ventila-

tor alarms.

Results

The PICU and CTICU alarm log identified 11 unfiltered

types of ventilator alarms. These 11 distinct alarms were

Table 1. Ventilator Alarm Parameter Settings

Ventilator Alarm

Parameter
Alarm Settings

High Pressure Limit 10–15 cm H2O above peak inspiratory pressure

Low Pressure Limit 5 cm H2O below peak inspiratory pressure

Low _VE Greater than half of the patient’s measured _VE

FIO2
610% of baseline

Bedside clinician’s clinical judgment is used for setting ventilator alarm parameters not stated in

the policy.
_VE ¼ minute ventilation

Table 2. Manufacturer Alarm Priority Classification for the Avea and

Servo-i Ventilators

Alarm Description High Priority Medium Priority

Apnea Servo-i, Avea

Circuit Integrity Avea

High VT Avea

Low Ppeak Avea

Low VTE Avea

Paw High Servo-i, Avea

High/Low PEEP Avea (low PEEP) Servo-i

High/Low awRR Servo-i, Avea

High _VE Servo-i Avea

Low _VE Servo-i, Avea

Inspiratory Flow Overrange Servo-i

Classification of medium- and high-priority ventilator alarms were based on the manufacturers’

designations. The low and high values for the alarms vary significantly based on patient size

such as infant, pediatric, or adult, which makes it difficult to establish ranges for all parameters.

Published recommended alarm references/guidelines for ranges are nonexistent.17

VT ¼ tidal volume

Ppeak ¼ peak pressure

VTE ¼ expiratory tidal volume

Paw ¼ high peak inspiratory pressure

awRR ¼ airway respiratory rate (breathing frequency)
_VE ¼ minute ventilation
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classified as medium-priority or high-priority ventilator

alarms specific to the Avea and Servo-i during 2,091 d of

mechanical ventilation (Table 2). A ventilator day was

defined as any portion of a 24-h period requiring mechani-

cal ventilation. A total of 47,099 ventilator alarm conditions

were included in this analysis.

Prevalence Rate of Ventilator Alarms

The combined PICU and CTICU incidence rate of venti-

lator alarms was 22.5 ventilator alarms per day of mechani-

cal ventilation per patient measured over 2,091 d (Table 3).

The PICU had 24.9 ventilator alarms per day of mechanical

ventilation and the CTICU had a rate of 20.0 ventilator

alarms per day of mechanical ventilation (Table 3). The

ventilator alarm prevalence rate for the PICU was greater

than that for the CTICU.

Proportionality of Ventilator Alarms

Overall, the Inspiratory Flow Overrange (36.6%) on the

Servo-i, High awRR (17.8%), and High Paw (14.7%) alarms

were the 3 most common ventilator alarms (Fig. 1, Table 3).

The Inspiratory Flow Overrange alarm is determined by the

ventilator algorithm on the Servo-i. The 2 most common

alarms, Inspiratory Flow Overrange and High awRR, were

classified as medium-priority alarms and comprised 54% of

all alarms. In general, medium-priority alarms comprised

61.5% of all ventilator alarms, and high-priority alarms con-

sisted of 38.5% of all ventilator alarms. The most common

high-priority alarms were the High Paw and Apnea alarms on

the Servo-i.

The High _VE (0.1%), Low Ppeak (0.7%), and High VT

(2.3%) alarms were the least common ventilator alarms for

both PICU and CTICU combined areas. The proportion of

other alarms were Circuit Integrity (2.8%) and Low VTE

(2.8%) alarms, specific to the Avea ventilator only, and the

Low/High _VE (5.8%), Apnea (7.5%), and Low PEEP (8.9%)

alarms for both ventilators.

Ventilator-Specific Results

The Servo-i had a larger number of medium-priority

alarms (68.7%) (Table 3). The Inspiratory Flow Overrange

was the most common type of alarm for the Servo-i (42.4%),

followed by the High awRR (18.2%) and High Paw (17.0%)

alarms. The Avea had a greater number of high-priority

alarms (84.0%) (Table 4). Circuit Integrity (20.0%) and Low

VT (20.4%) were the most common alarms for the Avea.

The Circuit Integrity alarm in the Avea is predetermined by

algorithms programmed by the manufacturer.

The proportion of high- and medium-priority alarms, based

on the type of ventilator, varied between the Avea and Servo-i

ventilators (Table 4). The proportion of high- and medium-pri-

ority alarms with the Avea were 84% and 16%, respectively.

Subsequently, the proportion for high- and medium-priority

alarms for the Servo-i were 31.2% and 68.7%, respectively.

Eight different types of alarms were reported for the Avea,

and 6 distinct types of ventilator alarms were reported for the

Servo-I; 4 types of alarms were common in both ventilators:

Apnea, High _VE, Low PEEP, and High awRR.

Table 3. Frequency of Alarm Types in the Pediatric ICU and Cardiothoracic ICU

Alarm Type and Priority Classification* Pediatric ICU Cardiothoracic ICU Combined ICUs

High _VE (Avea-M) 68 (0.3) NA 68 (0.1)

Low _VE (Avea-H) NA NA NA

Low Ppeak (Avea-H) 337 (1.3) NA 337 (0.7)

High VT (Avea-H) 1,087 (4.0) NA 1,087 (2.3)

Circuit Integrity (Avea-H) 1,304 (4.8) NA 1,304 (2.8)

Low VTE (Avea-H) 1,312 (4.9) NA 1,312 (2.8)

Low/High _VE (Servo-H) 1,864 (6.9) 872 (4.3) 2,736 (5.8)

Apnea (Servo-H, Avea-H) 2,498 (9.3) 1,029 (5.1) 3,527 (7.5)

Low PEEP (Avea-H, Servo-M) 2,538 (9.4) 1,667 (8.3) 4,205 (8.9)

High Paw (Servo-H) 2,859 (10.6) 4,050 (2.1) 6,909 (14.7)

High awRR (Servo-M, Avea-M) 4,934 (18.3) 3,436 (17.1) 8,370 (17.8)

Inspiratory Flow Overrange (Servo-M) 8,174 (3.3) 9,070 (45.1) 17,244 (36.6)

Total alarms by unit 26,975 20,124 47,099

Ventilator days by unit 1,083 1,008 2,091

Alarms per ventilator day 24.9 20.0 22.5

Data are presented as no. (%) or no.

* Priority classification: M ¼ medium; H ¼ high.

Not applicable for the Avea ventilator.
_VE ¼ minute ventilation; NA ¼ not applicable; Ppeak ¼ peak pressure; VT ¼ tidal volume; VTE ¼ expiratory tidal volume; Paw ¼ high peak inspiratory pressure; awRR ¼ airway respiratory rate (breath-

ing frequency).
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2-Proportion z-Test

A 2-proportion z-test was performed for the 6 types of

ventilator alarms present on both the Servo-i and Avea ven-

tilators. The prevalence of alarms was compared between

the PICU and CTICU. The alarms observed were Apnea,

High Paw, High awRR, Low PEEP, Low/High _VE, and

Inspiratory Flow Overrange (Table 5). The 2-proportion z-

test was statistically significant for differences in ventilator

alarm proportions with both ventilators combined (Avea

and Servo-i) and all 6 types of alarms compared. However,

when testing for the Servo-i only, the Low PEEP alarm was

not statistically significant. The other 5 alarms showed a

statistically significant difference in proportions between

Table 4. Alarm Frequency and Priority by Ventilator

Alarm Type
Avea Servo-i

no. (%) Alarm Priority no. (%) Alarm Priority

High Paw NA 6,907 (17.0) High

High _VE (Avea) 68 (1.1) Medium NA

Low/High _VE (Servo-i) NA 2,736 (6.7) High

Low Ppeak 335 (5.2) High NA

Apnea 462 (7.2) High 3,065 (7.5) High

Low PEEP 922 (14.3) High 3,283 (8.1) Medium

High awRR 959 (14.9) Medium 7,411 (18.2) Medium

High VT 1,087 (16.9) High NA

Circuit Integrity 1,283 (20.0) High NA

Low VTE 1,311 (20.4) High NA

Inspiratory Flow Overrange NA 17,236 (42.4) Medium

Total Alarms 6,427 40,638

Data are presented as no. (%) or no. The Servo-i ventilator is used preferentially in the cardiothoracic ICU and in combination with the Avea ventilator in the pediatric ICU, which accounts for the overall

greater prevalence of Servo-i ventilator alarms.

Paw ¼ high peak inspiratory pressure; NA ¼ not applicable; _VE ¼ minute ventilation; Ppeak ¼ peak pressure; awRR ¼ airway respiratory rate (breathing frequency); VT ¼ tidal volume; VTE ¼ expiratory

tidal volume.
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Fig. 1. Distribution of types of ventilator alarms in the pediatric ICU and cardiothoracic ICU. _VE ¼ minute ventilation; Ppeak ¼ peak pressure; VT

¼ tidal volume; VTE¼ end-tidal volume; Paw¼ high peak inspiratory pressure.
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both areas with the Servo-i only (P < .001) (Table 5). The

only notable similarity between the 2 alarm frequencies in

the PICU and CTICU was the Low PEEP when controlling

for Servo-i only ventilators.

Discussion

The studies by Schondelmeyer et al,18 Schmid et al,19

and Bridi et al20 maintained the idea that clinical alarms as

a group occur at a high rate. Many studies also demon-

strated a high incidence of nonactionable alarms.7,8,14,21

Researchers have studied the overall frequency of clini-

cal alarms and the proportion of nonactionable alarms,

but the specific causes and types were not well under-

stood.7,8,18-20,22 In addition, the proportion of clinical

alarms due to ventilator alarms ranged from 16% to

45% and is a significant segment of all clinical alarms

(Table 6).3,7,10,11

Ventilator Alarm Prevalence Rates

The overall ventilator alarm prevalence rate measured in

our study was 22.5 alarms per day of mechanical ventilation

per patient. Our result was slightly higher than an earlier

study in the PICU setting by Lawless, who reported 17.5

alarms per day of mechanical ventilation.7 The study by

Lawless et al7 was one of the few studies of ventilator alarm

rates in the PICU setting. More recently published studies in

the PICU population were unavailable for comparison of

ventilator alarm prevalence rates (Table 7 for comparison on

ventilator alarm prevalence rates).

Earlier studies in the adult ICU population by Chambrin

et al11 and Trojanowski et al25 also reported lower ventilator

alarm prevalence rates of 14.8 and 16.2 ventilator alarms per

ventilator day, respectively. However, a more recent adult

ICU study by Cvach et al27 reported prevalence rates of 168

ventilator alarms per day of mechanical ventilation. Another

recent study by Belteki et al28 in a neonatal ICU setting

reported a significantly higher prevalence rate of 240 ventila-

tor alarms per day of mechanical ventilation. The study by

Belteki et al28 was performed with the Dräger Babylog

VN500 ventilator, whereas the study by Cvach et al27 used

the Hamilton G5 and PB840 ventilators.

The 10-fold increase in ventilator alarm prevalence rates

reported in more recent studies may be related to differences in

critical care ventilators, patient populations, or patient care set-

tings. Newer ventilators are generally equipped with additional

modes, complex algorithms, and capability to monitor addi-

tional parameters. Our own study identified a statistically sig-

nificant (P< .001) difference in alarm proportions in different

types of alarms when comparing the Servo-i and Avea ventila-

tors between the PICU and CTICU (Table 5). For example,

apnea alarms occurred at twice the rate in the PICU compared

to the CTICU. This may have been due to the different under-

lying diseases in each ICU. Clearly, alarm prevalence rates var-

ied between the different types of ventilators and care settings.

Medium- and High-Priority Alarms

The AARC consensus report classified common ventilator

alarm conditions into Level 1 and Level 2 priority alarms

using the AARC alarm priority criteria.16 Level 1 priority

alarms are considered immediately life-threatening, such as

apnea. Level 2 priority alarms are defined as potentially life-

threatening events; immediate intervention recommended

Table 5. 2-Proportion z-Test for Ventilator Alarms Between Pediatric ICU and Cardithoracic ICU

Alarm Type
Avea and Servo-i

Ventilators

Pediatric ICU

Alarm, %

Cardiothoracic ICU

Alarm, %

Servo-i Ventilator

Only

Pediatric ICU

Alarm, %

Cardiothoracic ICU

Alarm, %

Apnea < .001 9 5 < .001 10 5

High Paw < .001 11 20 < .001 14 20

High awRR < .001 18 17 < .001 19 17

Low PEEP < .001 9 8 .13 8 8

Low/High _VE < .001 7 4 < .001 9 4

Inspiratory Flow

Overrange

< .001 30 45 < .001 40 45

Data are presented as P values and percentage of total alarms.

Paw ¼ high peak inspiratory pressure

awRR ¼ airway respiratory rate (breathing frequency)
_VE ¼ minute ventilation

Table 6. Proportion of Alarms Caused by Ventilators in the Hospital

Setting

Study Population Type

Proportion of

Clinical Alarms

Caused by Ventilators

O’Carroll (1986)10 Operating Room 45%

Lawless (1994)7 Pediatric ICU 31%

Chambrin et al (1999)11 Adult ICU 38%

Schmid et al (2011)3 Operating Room 16%
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for both types of priority alarms.16 Ventilator manufacturers’

interpretation of the expert panel recommendations classified

the ventilator alarms as high-priority or medium-priority

alarms for the Servo-i and Avea ventilators.

Our results indicate that the Avea ventilator had a greater

proportion of high priority alarms (84%), whereas the

Servo-i exhibited more medium-priority alarms (69%). In

contrast, the study by Cvach et al27 reported that 90% of

alarms from the Hamilton G5 were high-priority alarms,

compared with 9% from the PB840 ventilators. It is clear

that manufacturers’ interpretations of alarm priority vary.

In our comparison of the Avea and Servo-i manufacturer

alarm priority (Table 2), a disagreement was found on

alarm classifications for PEEP and High _VE. There was

agreement, however, with Apnea, High Paw, Respiratory

Rate, and Low _VE alarms. The disagreement in alarm prior-

ity classification between manufacturers accounted for

some of the differences in alarm priority proportions

between these 2 ventilators. Alarm priority ratings require

further standardization to improve agreement and consis-

tency between manufacturers.

Manufacturer Preset Algorithms

Our study identified 2 proprietary manufacturer alarms,

the Inspiratory Flow Overrange alarm (42%) on the Servo-i

and the Circuit Integrity alarm (20%) on the Avea, as 2 of

the most common alarms based on the type of ventilator.

These alarms were preset according to manufacturer algo-

rithms. The high proportions of these alarms suggests that

preset algorithms may not be ideal for all pediatric condi-

tions. Flow and volume demands can vary widely in the pe-

diatric population based on patient size and disease state.

The condition of uncuffed endotracheal tubes, airway leaks,

smaller tidal volumes, use of external flow sensors, and

interactions with humidity and circuit rainout add to the

challenges in ventilator alarm management in the pediatric

patient. Alarm algorithms designed by ventilator manufac-

turers vary between the adult, pediatric, and neonatal modes

and between types of ventilator. The high proportion of

Inspiratory Flow Overrange and Circuit Integrity alarms

suggests that additional capabilities for alarm customization

are needed to optimize alarm parameters and reduce the

overall alarm prevalence.

Most Prevalent Ventilator Alarms

In our study, the Inspiratory Flow Overrange (42%),

high awRR (18%), and High Paw (17%) alarms were the

most prevalent type of alarms. These findings were consist-

ent with some of the findings reported by Tan et al26 and by

Cvach et al.27 Tan et al26 reported high Paw, high breathing

frequency, high VT, high _VE, and low Paw to be some of

the most common alarms in adult ICUs. Cvach et al27 also

studied the frequency of ventilator alarms extensively in an

adult intensive care setting and reported the proportion of

ventilator alarms to be greatest with the high peak inspira-

tory pressure (34%), high breathing frequency (18%), and

low VT (13%).

No pediatric studies were found for comparison of venti-

lator alarm proportions; however, in a neonatal ICU study,

Belteki et al28 reported variations in breathing frequency

and _VE as the primary determinants for ventilator alarm

activation. The studies by Tan et al26 and Cvach et al27 indi-

cated that high Paw and high breathing frequency alarms

were some of the most common causes for ventilator

alarms in the adult population. These findings were con-

sistent with our results for High awRR and High Paw
alarms, which were identified as 2 of the 3 most common

causes for ventilator alarms. The Inspiratory Flow

Table 7. Rates of Ventilator Alarms in Adult, Pediatric, and Neonatal Populations

Study Duration of Observation Population Studied Incidence Rate*

Lawless (1994)7 928 h Pediatric ICU 17.5

Chambrin et al (1999)11 1,971 h Adult ICUs 14.8

Evans et al (2005)23 60,240 h Adult ICUs 1.3 (alerts for ventilator disconnect

alarm only)

Gorges and Westenskow (2009)24 200 h

556 vent alarms

Adult ICU 66.7

Trojanowski and Cvach (2014)25 10 weeks

1,709 d of mechanical ventilation

27,607 alarms

Adult ICU 16.2 (5.8 with alarm delay)

Belteki (2017)26 2,760 h Neonatal ICU 240.0

Stokes et al (2017)2 Not available Adult ICU 71.4–571.4 ventilator alarms/ICU day

Cvach et al (2018)27 18 d Adult ICU 168 (7.0 alarms per ventilator hour)

* Incidence rate is the number of ventilator alarms per day of mechanical ventilation.

Evans et al23 reported disconnect alarms only.

Stokes et al2 reported the number of ventilator alarms per day for each ICU. The total hours of mechanical ventilation were not reported.
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Overrange alarm, specific to the Servo-i, was difficult to

compare to other studies as no other Servo-i alarm data

were reported.

Strategic Reduction of Ventilator Alarms

A systematic analysis of ventilator alarm data is an im-

portant first step in a logical and strategic approach to

ventilator alarm reduction. This comprehensive method

quantifies and helps prioritize the most prevalent types

of alarms specific for each ventilator. A secondary step is

to evaluate the institutional policy and consider whether

guidelines for ventilator alarm management provide

adequate guidance for all common alarms. A standard

policy is necessary for consistent practice and could have

a meaningful impact in reducing alarm prevalence.

However, in a systematic review of issues related to ven-

tilator alarms and alarm fatigue, Scott et al17 found no

published standard guideline for clinicians and institu-

tions to follow when setting ventilator alarm parameters.

Very little data are available to guide best practices for set-

ting ventilator alarm limits. Furthermore, the lack of infor-

mation on alarm management practices and outcomes makes

comparisons with other institutions difficult. This necessi-

tates internal benchmarking of baseline alarm prevalence

rates followed by methodical policy changes to reduce

alarms and efforts to compare resulting changes to previous

alarm prevalence rates. This systematic method for bench-

marking and analysis of alarm prevalence rates will bring the

profession closer to a logical, evidence-based approach to

setting ventilator alarms (Table 8).29,30

The high prevalence measured with some alarms sug-

gested room to customize alarm parameters selectively

based on the type of alarm priority and redundancy.

Trojanowski et al25 reported that adding an alarm delay

of 5 s could reduce the overall ventilator alarm preva-

lence by 64%. In our study, the top 5 alarms accounted

for > 85% of all alarms generated; therefore, a focused

approach with the top 5 alarms may have a significant

impact. Lastly, educating end users to alarm algorithms

inherent to each alarm is essential. The most common

alarm found in our study, the Inspiratory Flow Overrange

alarm, was not directly set by the practitioner. A greater

understanding of the underlying relationships, such as

manufacturer-designed flow limitations programmed for

each mode of ventilation, is essential to reducing the con-

ditions activating this alarm.

Limitations

Currently, there is no standardized metric or method for

reporting ventilator alarm rates. The reported rates in our

study (Table 3) were converted to the number of ventilator

alarms per ventilator day per patient to facilitate compari-

sons in prevalence rates. Some studies excluded their num-

ber of ventilator days or other types of ventilator alarms in

which only high-priority alarms were reported.2,23 This

made it difficult to standardize the ventilator alarm

Table 8. Ventilator Alarms Description

Alarm Name General Alarm Description

Apnea Triggered if the ventilator does not detect a breath initiation within the preset period of time.

Circuit Integrity This alarm is unique to the Avea ventilator and activated if the peak pressure exceeds the target peak pres-

sure by 10 cm H2O, or 15% in adult/pediatric mode (whichever is greater); or by 5 cm H2O, or 15% in

neonate mode, above the target peak pressure (whichever is greater).

High Tidal Volume Activated if the absolute monitored exhaled tidal volume is greater than the High Tidal Volume threshold

setting; the high tidal volume alarm is not present on the Servo-i ventilator.

Low Ppeak Activated whenever the peak inspiratory pressure for a given breath is less than the preset threshold for Low

Ppeak; this alarm is not available on the Servo-i.

Low VTE Activated whenever the absolute monitored exhaled tidal volume does not exceed the Low Tidal Volume

alarm threshold setting for the Low VTE Sensitivity setting; this alarm is not on the Servo-i alarm.

Paw High Triggered whenever the preset High Ppeak threshold is exceeded.

Low PEEP Activated if the baseline pressure (PEEP) is less than the Low PEEP alarm threshold for a period greater

than 0.25 6 0.05 seconds in the Avea. In the Servo-i, this alarm is activated when the measured PEEP is

below the set alarm or default alarm limit for three breaths.

High Respiratory Rate (High AwRR) This is activated if the monitored breaths exceed the set high respiratory rate alarm setting.

High _VE Activated whenever the monitored exhaled minute volume is greater than the High _VE threshold setting.

Low _VE Activated whenever the monitored exhaled minute volume is less than the Low _VE threshold setting.

Inspiratory Flow Overrange This alarm is unique to the Servo-i and activated when a combination of parameter settings exceeds the

allowable inspiration flow range (Adult: 0–3.3 L/s; Infant: 0–0.55 L/s).

_VE ¼ minute ventilation
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prevalence rate for comparison with other research find-

ings. In addition, the ventilator manufacturer and model

were often not reported, which made ventilator-specific

comparisons difficult to perform.

An additional challenge in ventilator alarm comparisons

was the use of ventilator alarm terminology specific to the

manufacturer’s preference. The varied names for similar

alarm conditions made comparisons more difficult. Attempts

were made maintain the manufacturer’s preferred terms for

consistency. The unique ventilator alarms of the Avea device

(ie, Circuit Integrity alarm) and the Servo-i ventilator (ie,

Inspiratory Flow Overrange alarm) added another level of

difficulty to our comparisons.

A clear methodology for comparison and benchmarking

of ventilator alarm rates requires that all of the different

types of alarms are captured and considered in the context

of the total duration of mechanical ventilation for the time

period being compared. The method applied in this study

captured the diverse type of alarms prevalent in the PICU

and CTICU in addition to the total days of mechanical ven-

tilation. However, we could not gather alarm data from spe-

cialized ventilators such as the Sensormedics 3100a and

3100b, as well as home mechanical ventilators, due to soft-

ware and hardware connectivity issues.

The collection of a large sample size is difficult due to

limitations in the information technology and connectivity

infrastructure. The automated process for electronically

collecting ventilator alarm characteristics allows for the

detailed examination of large data, which provides a com-

prehensive portrayal of ventilator alarm patterns in the clin-

ical setting.

Generalization with this study is limited. First, the data

studied were limited to the type of medical devices and

monitors available at Children’s Hospital Los Angeles.

Second, this study looked at only 2 types of ventilators.

There are many other types of pediatric ventilators used

throughout other ICUs. An observational study specific to

each type of ventilator is needed to fully account for the

variations in ventilator algorithms. Third, the detailed venti-

lator days attributed to each type of ventilator model were

not collected for this study. This limits the ability to com-

pare alarm prevalence rates specific to each type of ventila-

tor. Additionally, ventilator alarm data collection was

limited by the middleware system. Some alarms such as the

high and low _VE on the Servo-i were bundled together due

to system programming design. Lastly, the prevalence of

ventilator alarms needs to be considered in the context of

institutional alarm management practices.

Conclusions

The lack of ventilator alarms research in the pediatric

population makes it compelling to do research for this vul-

nerable population. Studying the type and prevalence of

ventilator alarms within the context of alarm management

policies and guidelines in the clinical setting will help direct

the professional community toward an evidence-based

approach to alarm management.

Ventilators are designed to have their own unique alarm pat-

tern and algorithms that impact alarm frequency and propor-

tionality. Ventilator alarms occurred in the PICU and CTICU

in a large metropolitan children’s hospital at an average

combined prevalence rate of 22.52 ventilator alarms per day of

mechanical ventilation per patient. Overall, the most common

ventilator alarms were the Inspiratory Flow Overrange (37%),

High awRR (18%), and High Paw (15%). Alarm characteristics

vary with different ventilators. Ventilator alarm proportions

also varied significantly between the PICU and the CTICU.

Ventilator alarm proportions were significantly different

between the Avea and Servo-i ventilators. Lastly, classification

of high- and medium-priority alarms varies between ventilator

manufacturers.

More studies are needed to observe the behavior of each

type of ventilator within different patient populations,

disease states, alarm parameter guidelines, and hospital

settings. Lastly, connecting the alarms to physiological

responses, patient interventions and outcomes can help the

medical community identify the most important alarms,

and which might play a secondary role. Ventilator manu-

facturers can design more effective and meaningful alarm

systems with this new information.
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