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Monitoring respiratory values such as breathing frequency, minute ventilation, breathing effort, and

dyspnea are common in acute care. There is evidence that accurate monitoring and interpretation of

these values leads to early identification and treatment of impending respiratory failure. Despite this

evidence, some values, such as breathing frequency, are largely undervalued in the clinical setting. The

undervaluation of breathing frequency is complex and will require a multifaceted approach, including

education and improved technology, to reestablish its clinical potential. Many questions remain regard-

ing how to most efficiently and effectively monitor other respiratory values, like noninvasive minute

volume and breathing effort, as well. As technology continues to improve alongside the understanding

of respiratory physiology, clinicians are able to apply basic clinical assessment skills and technology to-

gether to improve patient safety and outcomes. Key words: breathing frequency; vital signs; physical
examination; patient assessment; end-tidal carbon dioxide; capnography; capnometry; dyspnea; minute
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Introduction

Vital sign assessment is common in virtually all clinical

areas.1-4 While important, vital signs are often overlooked,

poorly documented, or undervalued clinically.3,4 Breathing

frequency (f), in particular, has been reported to be clini-

cally underappreciated. This is concerning because f is an
early indicator of clinical deterioration and often pre-

cedes changes in other vital signs, like a decrease in
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blood pressure.4 Monitoring the respiratory status of a

patient, however, extends beyond f alone. Noninvasive
minute ventilation monitoring can provide information

about tidal volume and may be a better indicator of venti-

latory status. Work of breathing and dyspnea monitoring

allows clinicians to apply specific therapeutic strategies

to overcome the increase of each.

The purpose of this paper is to bring further attention to

the issue related to poor f assessment and documentation.

Additionally, methods to improve the monitoring of f are
examined. Other monitored parameters, like minute venti-

lation, work of breathing, and dyspnea, are also described.

Clinical Significance of Breathing Frequency

The normal f in an adult patient is 12–20 breaths/min and

may vary normally with increased physical activity and

sleep.1 In the context of illness, an increased f (ie, tachyp-
nea, defined as a f > 20 breaths/min) may indicate condi-

tions such as hypoxia, pain, cardiac insufficiency, or

metabolic disturbances like lactic acidosis.1 A decreased f
(ie, bradypnea, defined as a f < 12 breaths/min) may indi-

cate neurologic depression or even more severe cases of

hypoxia.1

There is considerable evidence that f abnormalities can

be early indicators of clinical deterioration.2-7 In 1993,

Fieselmann et al5 conducted a retrospective case-controlled

study that compared 72 h of vital signs in subjects who

experienced cardiopulmonary arrest (n¼ 59) to 72 h of pre-

arrest vital signs of subjects who did not experience cardio-

pulmonary arrest. They reported that f was a significant

(P < .001) predictor of cardiopulmonary arrest, when con-

trolled for age and gender. They also found that f > 27

breaths/min was a predictor of cardiopulmonary arrest.

Interestingly, heart rate and blood pressures were not pre-

dictors of cardiopulmonary arrest.5

In 2003, Subbe et al6 sought to evaluate a Modified Early

Warning score that included systolic blood pressure, heart

rate, f, temperature, and neurologic score. They noted that

changes in f were of a much greater magnitude than

changes in heart rate and blood pressure in subjects at risk

for clinical deterioration. Further, they noted their data

suggests that f is the best discriminator of identifying

high-risk patients.6 Goldhill et al7 noted in their study a

mortality rate associated with f ranges: 21% of subjects

with f ¼ 25–29 breaths/min died; 28% of subjects with

f ¼ 30–34 breaths/min died; and 41% of subjects with f $
35 breaths/min died.7

Is Breathing Frequency Undervalued?

In 2008, Cretikos et al3 placed considerable emphasis on

the idea that f is a largely neglected vital sign. They pointed
out that evidence up to that time suggested that f > 20

breaths/min in adult patients would indicate illness, and

that f > 24 breaths/min would indicate critical illness.3

Despite this, emphasis was not being placed on f monitor-

ing in medical textbooks and other clinical training. They

summarized that f is a poorly recorded vital sign and that

elevated f is a strong and specific indicator of events such

as cardiac arrest. They also added that pulse oximetry is not

a replacement for f measurement, that staff should be edu-

cated on the importance of f, and that hospitals should en-

courage appropriate responses to changes in f.3

An audit of medical notes was conducted in 2010 of 594

adult patients who presented to an emergency department.2

The notes were picked randomly, and the study author

recorded whether f was documented by clinicians, as well

as the subjects condition during the subjects emergency

department visit. It was noted that f was only documented

29% of the time. With that said, in most subjects with respi-

ratory problems, f was documented. Specifically, 91% of

subjects who presented with shortness of breath had their f
documented. Other conditions had lower percentages of f
documentation. For example, chest pain and abdominal

pain were lower at 63% (n¼ 53) and 31% (n¼ 74), respec-

tively.2 The author correctly notes concern for this variation

in f documentation, because conditions that cause abdomi-

nal pain may result in f changes.2

In 2014, Ansell et al8 reported the results of a qualitative

study that investigated nursing practices with regard to

monitoring and documenting f. They conducted semi-struc-

tured telephone interviews on 10 ward nurses from 3 differ-

ent hospitals in New Zealand. Although limited to only 10

nurses, the study offered interesting insight on why f may

be unmonitored or undocumented. Results cited time pres-

sure, work interruptions, and clinical judgment as reasons

that f was not assessed or documented.8 It is noted that

f remains the only vital sign largely assessed manually,

contributing to time pressure and consistency issues.

Troublingly, there is also a suggestion that f is not valued as
a primary assessment tool when compared to others. The

authors conclude that this may be a result of a lack of

understanding of respiratory physiology.8 These results

have to be interpreted cautiously due to the small scale and

scope, but they do provide insight on the realities that

nurses and other clinicians face each day at the bedside in

terms of time pressure and other clinical responsibilities.

Flenady et al9 sought to explain why emergency depart-

ment nurses often fail to assess or document f assessments.

They noted that despite an abnormal f being a good indi-

cator of clinical deterioration, f is a poorly documented

vital sign.9,10 Using classic grounded-theory methodology,

they analyzed qualitative data gathered from 79 emer-

gency department nurses in Australia. They found, like

other studies, that f assessments were either absent or erro-

neously documented in the emergency department setting.

They also reported that, despite significant evidence that
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abnormal f is indicative of clinical deterioration, emer-

gency department nurses can justify reasons for it not to

be properly assessed or documented. They noted that

nurses are aware of the best practices for f assessment;

however, they feel it is an unnecessary action for many of

their patients. The behavior is explained by the authors as

strategies that emergency department nurses may employ,

such as compensating, minimalizing, and trivializing.9

According to the authors, a compensating behavior sug-

gests that time spent with the patient could be spent more

wisely on tasks other than assessing f. So, according to

their theory, the transgression in behavior is rationalized

by the patient benefiting from other tasks, instead of the

one that is demanded by the organization. Minimalizing

behavior is simply explained by nurses essentially not

believing that patient outcomes would be different if f
were accurately assessed and recorded. Finally, trivializ-

ing could be explained by the need to cut corners when

time with the patient is limited. Additionally, the act of

assessing may be considered trivial in an emergency

department setting due to the high acuity of other patients

and even emergency department social norms.9 Flenady

et al9 recommended that organizations assess how educa-

tion is delivered to their staff. They noted that education

should be delivered in a way that considers diverse human

factors and the culture of the workplace. Considering

these factors may positively influence change in practice

and adherence to evidence-based practices.9

It appears that f is generally undervalued as a vital sign.

It is not clear why this may be true, but the lack of under-

standing of respiratory physiology, time constraints, work

load, and other reasons that are not yet clearly understood

play a role.

Is Accuracy a Problem?

As Flenady et al9 reported, f is not only omitted for vari-

ous reasons, but it also is recorded inaccurately in many

cases. Others have noted inaccuracies in f measurements as

well. In 2005, Lovett et al11 noted that f often was recorded
inaccurately in the emergency department triage setting. In

their study, neither triage nurses nor transthoracic imped-

ance plethysmography devices were as accurate as f meas-

urements made using a standard 60-s observation.11

Mukkamala et al12 counted f in their hospital for 60 s and

compared the findings to the nursing values reported in the

patient chart. It was noted that the nurses had reported f ¼
20 about 50% of the time (234 of 467) compared to 3% (13

of 469) by the study team. The distribution of recordings in

their study overall did not show a statistical difference (P¼
.105); however, the authors noted a potential for clinical

importance. They cited that incorrect recording of f could
delay early recognition of conditions such as sepsis.12

In 2013, Semler et al13 sought to evaluate the accuracy

of recorded f in hospitalized, non-ICU patients. In their

single-day, resident-led, prospective observational study

of recorded and directly observed vital signs from 6 differ-

ent academic centers, vital signs were collected from 368

subjects. The median f was 16 breaths/min (interquartile

range 14–20 breaths/min) for directly observed measure-

ments and 18 breaths/min for recorded values (interquar-

tile range 18–20 breaths/min). The median difference of 2

breaths/min was statistically significant (P < .001). Intere-

stingly, f of 18 or 20 breaths/min accounted for the majority

of the documented values (71.8%), but these values were

actually observed only 13% of the time. The authors con-

cluded that documented f in hospitals may actually be higher

than directly observed and are likely to be recorded as 18–

20 breaths/min.

Philip et al14 evaluated f assessments made by physicians

using 2 different assessment techniques. In their study,

physicians were asked to view videos that depicted differ-

ent f values and to do a spot assessment (ie, estimate f by
looking at a patient for no longer than 12 s) or formal

assessment (ie, counting f for 30 s and then multiplying by

2, or counting for a full minute). Using the spot assess-

ment, only 48% of clinicians identified f correctly. Using
the formal assessment, 81% of clinicians identified f cor-
rectly. Clinicians were able to identify tachypnea (f ¼ 72

breaths/min) more accurately, using either method, than

bradypnea (f ¼ 6 breaths/min). The authors noted that

both methods had a high level of inaccuracy, but formal

assessment was superior. Of the 54 participants, 52%

stated that they use spot assessments in their clinical prac-

tice. Regarding accuracy of f documentation in the medi-

cal note, 0% of them reported that f was accurate all of the
time. Only 20% reported they felt it was accurate most of

the time. The majority (72%) reported that they believed f
was accurate in the chart sometimes. A small percentage

(7%) felt it was never accurate.14

The significance of f inaccuracy cannot be overstated,

nor can it be ignored, because it is possible that tachypnea

or bradypnea are not being clinically observed and docu-

mented properly. This could delay timely response to seri-

ous conditions that could lead to preventable death. Despite

various explanations regarding the cause of this problem, a

meaningful solution remains elusive.

Monitoring Breathing Frequency

Manual Counting of Breathing Frequency

There are 2 main ways to monitor f: manually, where f is
counted by a clinician, and continuously, where f is meas-

ured by a device. It appears that when manual f is done, it
should be counted for a full minute.15,16 Ideally, the patient

would be unaware that the f assessment is being made so as
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to avoid a conscious change in f, breathing pattern, and

depth.15,16 The time-consuming nature of f assessment (ie,

counting for a whole minute) has been cited as a reason that

clinicians have sought alternative methods to perform the

task.8,17-19 As such, Takayama et al19 evaluated 2 quick-

check methods and compared them to the standard accepted

method of counting f for a full minute (Fig. 1). One of the

quick-check methods was to simply count f for 15 s and

multiply the count by 4 (ie, the 15-s quadruple method).

The other method is a novel method of counting f by count-
ing the time needed for a single breath and dividing 60 by

the time for a single breath (ie, the breathing time measure-

ment). The investigators reported that, when compared to

the standard 1-min count, the 15-s quadruple method con-

sistently overestimated f. The breathing time measurement

method had a better agreement with the standard 1-min

count. Despite this interesting finding and the potential for

further study and use in the clinical setting, the authors

noted that this method may not be a good alternative to the

1-min method in the presence of an abnormal breathing pat-

tern.19 Future research aimed at finding reliable quick-

check methods is certainly warranted. Until more is known

about quick-check methods, clinicians will need to continue

to utilize the 1-min f assessment and technology to provide

a more accurate assessment of f.

Exhaled Carbon Dioxide

Technology has enhanced clinicians’ ability to continu-

ously monitor f and breathing pattern. Exhaled carbon

dioxide (CO2) technology (ie, capnography/capnometry) is

commonly used and has clinical value in endotracheal tube

confirmation, detection of airway dislodgement, and moni-

toring of respiratory depression.20-22 In fact, this technol-

ogy has been recognized in practice guidelines and

standards by such organizations as the American Society

of Anesthesia, American Association for Respiratory Care,

the Joint Commission, and American Heart Association.20

Exhaled CO2 can be measured in a number of ways,

including through a breathing circuit or noninvasively with

a nasal cannula device that is designed to capture exhaled

CO2 (Fig. 2). Exhaled CO2 can be displayed numerically

(as PETCO2
, partial pressure of end-tidal CO2) and graphi-

cally as a CO2 waveform called a capnogram (Fig. 3). A

numerical f is displayed, as well.
Exhaled CO2 can provide clinicians a reliable way to

monitor f and may provide valuable information pertain-

ing to respiratory dysfunction or depression.22 Perhaps

the main value of exhaled CO2 monitoring is that it pro-

vides a more complete picture of respiratory status when

compared to pulse oximetry alone. Pulse oximetry pro-

vides important information about the oxygenation status

of a patient, but it does not provide information that per-

tains to ventilatory function.20 Continuous exhaled CO2

monitoring is more effective for the early detection of

ventilatory compromise compared to both visual assess-

ment and pulse oximetry.21,23,24

Although exhaled CO2 monitoring is generally recom-

mended as a way to monitor adequacy of ventilation, espe-

cially in the setting of patient-controlled analgesia,20,21,23,24

C

A

B

No definition of the beginning of count

No agreement as to
whether the last
incomplete breathing
cycle should be included
or excluded.

Time lag of perception

Each examiner starts counting
at a different time.

1 2 3 n-1 n

1 min

1 min

No agreement as to whether the last
incomplete breathing cycle should be
included or excluded; however, most
researchers tend 10 include it.

No definition of the beginning of count

Time lag of percepton

k1 2 k-1

15 s

15 s

Time lag of perception

Single breath time

Actual measured time

Time lag of perceptoin: the gap
between the moment examinee
starts breathing and the moment the
examiner presses the stopwatch button.

Fig. 1. Graphic representation of 3 methods for counting breathing
frequency. (A) Breathing time measurement. (B) 15-s quadruple
method. (C) Count for a full minute. From Reference 19.
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some questions remain.25-27 A recent review of capnogra-

phy use in the emergency department setting during proce-

dural sedation and analgesia revealed it did not result in

significance decreases in clinically important events, such

as hypoxia or need for airway interventions.25,26 This

requires further study, especially in high-risk patients,

because capnography fills a diagnostic void left by pulse

oximetry and respiratory assessment alone.25,28 Although

exhaled CO2 is relatively easy to use for clinicians, some

issues with patient adherence exist. In a study to promote

the use of exhaled CO2 monitoring of patients at risk for

opioid-induced respiratory depression, Carlisle21 noted that

most nurses (92%) agreed or strongly agreed that alarms

wake patients up while sleeping. Additionally, 65% of

nurses agreed or strongly agreed that patients often refuse

to wear the cannula device.21

Monitoring exhaled CO2 is tremendously valuable in

detecting variations in f and breathing pattern that may be in-

dicative of respiratory dysfunction.28 It is widely recom-

mended for the evaluation and assessment of ventilation, and

it enhances patient safety. Generally, capnography/capnome-

try devices are easy to use in the clinical setting.21 With that

said, many issues remain, such as patient selection, patient

adherence, and clinician training. Clinicians must be trained

to understand the technology, normal and abnormal values,

waveforms, and trend information.28 The cannulas used to

detect exhaled CO2 can be irritating to patients, especially if

they do not understand the value in terms of monitoring and

safety.21 Thus, patient adherence is a very real concern.

Patients can easily remove or displace the device if they

deem it uncomfortable. Other devices designed to monitor

f have been introduced as an alternative to exhaled CO2

monitoring.

Acoustic Breathing Frequency Monitoring

Acoustic f monitors have been introduced as a way to

continuously monitor f in various clinical settings. These

devices utilize a sensor placed on the neck to detect air

flow in the pharynx produced during inhalation and exhala-

tion.29 In general, these devices are quite effective com-

pared to exhaled CO2 monitoring.30-33 In the first study

comparing the newer acoustic technology to capnometry,

Mimoz et al30 reported that it correlated well with capnom-

etry in the evaluation of f in extubated postsurgical subjects.
Ramsay et al33 also reported acoustic monitoring to be

effective in postsurgical subjects. In their study, the acous-

tic monitor was more accurate and precise in detecting f
when compared to capnometry; however, the findings were

modest and the clinical importance is unclear.33

More recent studies have also demonstrated the potential

usefulness of acoustic f monitoring. In subjects under intra-

venous anesthesia for dental procedures, Ouchi et al34 noted

that acoustic f was useful when compared to capnography.

However, they note that this technology may be limited

when a dental air turbine is used. Compared to electrocar-

diographically derived f, acoustic monitoring may offer

more clinically useful information in unstable trauma

patients.35 In 2019, Ishikawa et al36 reported in a case report

that an abrupt change in f (eg, from 8 to 30 breaths/min)

was detected in a patient who had recently undergone a thy-

roidectomy. The patient was subsequently intubated and

surgically treated for a hematoma due to postoperative

bleeding. The authors noted that acoustic f monitoring

allowed the early detection of respiratory complications

postoperatively.36

In contrast to the overall positive studies supporting the

use of acoustic f monitoring, McGrath et al37 noted that,

while acoustic fmonitoring may augment a pulse oximetry-

based surveillance system in postsurgical patients, the tech-

nology may not add significant detection of clinical deterio-

ration. They also reported that adherence to the device was

only 57%, noting a 22.7% refusal rate.37

Fig. 2. Example of a cannula designed specifically to capture

exhaled CO2 from the mouth and nares.

Fig. 3. Capnogram showing difference in PaCO2
and partial pressure

of end-tidal CO2 (PETCO2
). From Reference 20.
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Other Technology for Breathing Frequency

Monitoring

Pulse oximetry-derived f monitoring, or a photoplethys-

mographic respiratory monitor, detects changes in intra-

pleural pressures that are transmitted to the cardiovascular

system.29 Eisenberg et al38 evaluated this technology in

healthy subjects and compared it to acoustic f monitoring;

both methods were compared to capnography as well. The

researchers reported that the pulse oximetry-derived f was
more likely to detect bradypnea and may be more reliable

than acoustic f monitoring in the presence of routine patient

activities. Although promising, more studies are needed

because this technology has not yet shown clinical superior-

ity over capnography or acoustic fmonitoring.29

Thoracic impedance devices have also been evaluated

and compared to acoustic f monitoring and capnography.

Guechi et al39 noted that acoustic f monitoring was more

accurate than thoracic impedance in subjects hospitalized

for drug or alcohol poisoning. Similarly, Frasca et al40

determined that acoustic f monitoring was more precise

than thoracic impedance for f measurement in obese sub-

jects. In 2018, a new noninvasive, wireless, body-worn de-

vice that is able to continuously monitor f was compared to

capnography on subjects admitted to an acute medical

unit.41 The study demonstrated that this new technology

measures f comparatively to capnography.41 The impact of

this kind of technology is unknown, but could, like acoustic

f monitoring, offer an alternative to exhaled CO2 monitor-

ing in patients who are intolerant of the nasal interface.

Further clinical investigation is warranted.

Noninvasive Minute Ventilation Monitoring

Minute ventilation refers to movement of air into and out

of the lungs within 1 min and is a product of f and tidal vol-
ume (VT). VT is composed of dead space volume and alve-

olar volume.42 Dead space volume does not take part in gas

exchange, whereas alveolar volume does. The volume of

anatomic dead spaces remains the same in normal patients,

but physiologic dead space varies based on disease process.

Increasing VT/alveolar volume has a greater effect on gas

exchange as compared to increasing f. Thus, the addition of
VT monitoring can provide valuable insight on the ventila-

tory status of patients. Like f, minute ventilation has been

shown to be an early indicator of respiratory failure.43

Monitoring minute ventilation noninvasively is clinically

complicated because it requires special devices like spiro-

meters or pneumotachometers to measure VT. In patients

who are not mechanically ventilated, clinicians have to

apply masks or mouthpieces to the patient’s face to capture

the exhaled VT. Further complicating this procedure,

patients have voluntary control of their breathing, which

makes these noninvasive techniques relatively unreliable.44

These technical challenges and the cumbersome nature of

obtaining VT have limited the widespread use of minute

ventilation in spontaneously breathing patients.45 Instead,

clinicians often rely on f to monitor respiratory status in

patients. Holley et al46 concluded, however, that f measure-

ment alone is insufficient to detect hypoventilation in sub-

jects undergoing endoscopic procedures. In a prospective,

observational study, f was noted to be a poor predictor for

respiratory depression, which was defined by low minute

ventilation (ie, < 40% predicted minute ventilation for at

least 2 min).47 Because the importance of minute ventila-

tion monitoring has been recognized, efforts have been

made to make it more clinically available.

Respiratory minute volume monitors (RVMs) (Fig. 4)

are FDA-approved, noninvasive devices that continuously

measure VT, f, and minute ventilation via impedance-based

thoracic electrodes in spontaneously breathing patients.48

The clinical utility and validity of RVMs has been explored

in different patient populations and in different clinical

areas. Voscopoulos et al49 evaluated the performance of

RVMs in a broad cohort of ambulatory subjects, reporting

that RVM measurement of f has a relative error of 1.8%

and measurement of minute ventilation and VT have a rela-

tive error of < 10% in spontaneously breathing subjects. In

this study, the investigators observed no significant differ-

ences in f, VT, or minute ventilation measurements obtained

with the RVM and a spirometer.

In a series of clinical cases, Schlesinger48 described the

practical application of RVM in austere settings and in

high-tech settings to help clinical decision making and to

improve patient safety in critical care units. In subjects

undergoing elective surgery with general anesthesia,

Voscopoulos et al50 reported a close correlation (> 94%)

Fig. 4. Example of a respiratory volumemonitor. FromReference 48.
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between RVM-measured minute ventilation, VT, f, and

ventilator measurements collected from intubated subjects.

Nichols et al51 conducted a randomized controlled trial to

examine the effectiveness of RVM in improving patient

safety for those undergoing procedural sedation. In this

trial, 65 subjects were randomly assigned to either a con-

trol group or a RVM intervention group. Anesthesiologists

in the RVM intervention group were encouraged to use

RVM values to titrate intravenous anesthetics to maintain

minute ventilation within 40–80% of baseline value. The

investigators reported a higher incidence of hypoventila-

tion and apnea in the control group compared to the RVM

intervention group. They concluded that RVM-based inter-

ventions have the potential to identify early signs of respi-

ratory depression and may improve patient safety. In an

observational study by Mehta et al,52 RVM was utilized to

measure minute ventilation in obese and nonobese subjects

undergoing procedural sedation. The study results indi-

cated higher minute ventilation among obese subjects com-

pared to nonobese subjects before, during, and after the

surgery. The authors note that RVM could be useful in cap-

turing real-time changes in obese patients’ metabolic

demands to provide more individualized care to these

patients.

Utilization of RVM after extubation in postoperative

patients has also been evaluated. Ianchulev et al53 noted

that RVM was able to provide clinicians with comprehen-

sive, quantitative information related to breathing pattern

and trends in ventilation that are not available with other

technology at the time of their study.53 The authors con-

cluded that RVM shows real promise in improving patient

safety in postextubation patients, among others. Other tools

with the ability to monitor postextubation respiratory status,

like the integrated pulmonary index,54 have been evaluated

since the study by Ianchulev et al,53 but to our knowledge

they have not been compared directly.

RVM provides a novel and noninvasive method to

adequately and continuously monitor a wide variety of

patient groups that are at risk of respiratory failure.

Continuous respiratory monitoring with RVM could lead

to early detection of clinical deterioration, and therefore

it may allow for timely intervention. Although promising,

there is a need for large-scale clinical studies to prove the

clinical effectiveness and accuracy of RVM in preventing

respiratory failure and improving patient outcome and

safety.

Monitoring Breathing Effort

de Vries et al55 defined breathing effort as an energy-

consuming activity of the respiratory muscles aimed at

driving respiration. The effort of breathing is controlled by

respiratory centers located in the brainstem to maintain

adequate oxygenation and ventilation within the body. Any

imbalance between respiratory effort, muscle capacity,

and ventilatory demand predispose an individual to respi-

ratory insufficiency.56 Increased breathing effort leads to

muscle fatigue, abnormal breathing patterns, and respira-

tory distress. On the other hand, decreased breathing effort

can cause muscular deconditioning and abnormal gas

exchange.57 The measurement of breathing effort allows

clinicians to assess respiratory mechanics in both intuba-

ted and nonintubated patients. This knowledge helps

guide the application of appropriate medical treatment

and therapies to improve respiratory function in patients

with respiratory related illnesses.

The most common and traditional way to assess a

patient’s breathing effort is through physical examination.

Tachypnea, accessory muscle use, nasal flaring, tracheal

tug, and diaphoresis are the primary signs present in indi-

viduals with inefficient respiratory effort.58 In a study by

Tulaimat et al,59 the authors sought to determine the

agreement among physicians on the presence of physical

signs of increased respiratory effort. They reported only a

fair to moderate agreement among physicians when

assessing signs of increased breathing effort. The authors

recommended that clinicians use signs of respiratory dis-

tress like hypoxia and tachypnea in conjunction with re-

spiratory effort to describe a patient’s overall respiratory

status. They also noted a further need to refine the method

of physical examination when assessing increased breath-

ing effort.59

Breathing effort can be measured directly or indi-

rectly through various quantitative methods and techni-

ques. Direct measurements of respiratory effort are

work of breathing (WOB) and pressure-time product

(PTP). Indirect measurements that act as a surrogate for

breathing effort are airway occlusion pressure at 100

ms and diaphragmatic electric activity.60 There is a

paucity of literature available on measuring breathing

effort in spontaneously breathing subjects. The major-

ity of the research published on assessing breathing

effort appears to be confined to subjects receiving me-

chanical ventilation.

Work of Breathing

WOB reflects the energy needed to overcome the elas-

tic load imposed by the lung and chest wall and the resis-

tive loads imposed by the airways. The most widely used

method to measure WOB is esophageal pressure meas-

urements, which involves a catheter and balloon inserted

into a patient’s esophagus. Esophageal pressure obtained

from the balloon is used as a surrogate for the inspiratory

muscle pressure generated during contraction.61 Because

WOB does not account for the isometric phase of inspira-

tion, due to absent volume change, PTP was developed to

accurately reflect respiratory efficiency by measuring
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energy expenditure during the dynamic and isometric

phases of the respiratory cycle.62 PTP is the product of

the time spent in muscle contraction during inspiration,

as a percent of the total respiratory cycle, and pressure

generated by inspiratory muscles during contraction.

Abnormalities in either lung or chest wall compliance or

airway resistance can affect PTP and WOB. Posture, artifi-

cial airways, and noninvasive ventilation also can influence

these measures.63 In a prospective crossover study by Deye

et al,64 inspiratory WOB and PTP were used to determine

the influence of posture on breathing effort in difficult-to-

wean subjects. The study reported that a semi-seated posi-

tion at 45� was significantly associated with lower WOB,

PTP, and inspiratory effort. In another study to assess pul-

monary mechanics before and after tracheostomy in sub-

jects requiring prolonged mechanical ventilation, there was

no significant difference in WOB and PTP before and after

tracheostomy.65 Based on these findings, Lin et al65 recom-

mended that clinicians should be cautious when utilizing

only WOB and PTP values to predict weaning outcome.

Thus far, WOB and PTP measurements are typically used

for research purposes. Due to its technical difficulties, inva-

sive nature, and limitations, it has yet to be translated to the

bedside for widespread clinical use.

Artificial neural networks are computer models that have

the capability to perform higher-level functions.66 Artificial

neural networks have been utilized in critical care settings

to measure patient’s WOB (WOBN) without the use of an

esophageal balloon. This computerized technique gathers

data from a respiratory monitor connected to pressure and

flow sensor placed between the endotracheal tube and the

Y-piece of ventilator circuit. In a prospective study by

Banner et al67 to compare the relationship between inva-

sively and noninvasively measured WOB per minute in in-

tubated subjects, the authors reported a high correlation in

measured WOB. In another study, Banner et al68 evaluated

the role of noninvasively obtained WOBN per minute in

determining extubation outcome. The results indicated that,

compared to common weaning indices like f, VT, f/VT,

minute ventilation, oxygen saturation, and the ratio of phys-

iologic dead space volume to VT, WOBN per minute had

the highest predictive accuracy, sensitivity, and positive

and negative predictive value in predicting extubation out-

come. This technique of measuring WOB without the use

of an esophageal balloon is attractive and could find use in

routine clinical practice if proven effective, valid, and reli-

able in larger clinical studies.

Vivier et al69 described another noninvasive method to

estimate WOB using diaphragm ultrasonography. In this

preliminary study, investigators enrolled 12 subjects requir-

ing planned noninvasive ventilation after extubation. These

subjects were studied during spontaneous breathing and

during noninvasive ventilation at 3 different pressure

support levels (5, 10, and 15 cm H2O). The diaphragm

thickening fraction was calculated as ([thickness at inspira-

tion � thickness at expiration]/thickness at expiration). It

has been noted that overassistance or inadequate ventilatory

support alters diaphragmatic function and leads to a loss of

diaphragm thickness and atrophy. The study results indi-

cated that higher levels of pressure support were associated

with decreased PTP and diaphragm thickening fraction. In

addition, thickening fraction was significantly correlated

with PTP.69 Diaphragm ultrasonography provides a quanti-

tative method to assess respiratory muscle effort in nonintu-

bated patients, but further studies are needed to explore this

technique as a way to monitor WOB.

Monitoring Airway Occlusion Pressure

Airway occlusion pressure was first described by Whitelaw

et al70 as a way to indirectly measure the output of respira-

tory centers.71 It can be recorded either by occluding the

entire respiratory cycle in unconscious humans or by

occluding a brief period of inspiration in conscious

patients. In conscious patients, only the first 100–150 ms

of inspiration are measured. The airway pressures

recorded during first 100 ms of inspiration are known as

P0.1, this is a commonly used parameter to measure venti-

latory drive. According to Whitelaw et al,72 normal occlu-

sion pressure signifies an integrated central nervous

system, spinal cord, peripheral nerve, and muscle fiber

function.

P0.1 measurement requires a patient to inhale through an

occluded airway, which causes a negative pressure genera-

tion that is captured via a pressure transducer. P0.1 is not

dependent on the air flow, so it is unaffected by the me-

chanical properties of lung and chest wall, such as compli-

ance and resistance. As a result, to assess respiratory drive,

P0.1 outperforms other common parameters like VT and f,
and it can be easily measured in both intubated and nonin-

tubated patients.73 Most modern ventilators are equipped

with the capability to automatically measure P0.1 in intuba-

ted patients, although the accuracy of absolute values of

P0.1 depends on the ventilator design.
74

Inefficient ventilatory drive, especially during mechani-

cal ventilation, could lead to iatrogenic muscle damage and

thus could prolong the recovery phase and duration of me-

chanical ventilation.75 P0.1 measurements provide a quanti-

tative way to detect insufficient or excessive breathing

effort. In a prospective, interventional study, Alberti and

colleagues76 evaluated the role of breathing pattern, P0.1,

and WOB in determining the appropriate level of pressure

support in subjects with acute respiratory failure requiring

ventilatory assistance. They found that that WOB and P0.1
progressively increased with a decrease in pressure support

level. They also noted a significant correlation between

WOB and P0.1 (r ¼ 0.87). The correlation between WOB

and f was less significant (r ¼ 0.53) at decreased pressure
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support levels. The authors concluded that, compared to

breathing pattern, P0.1 may be a more sensitive parameter

in determining the optimal level of pressure support for

patients. Although this is potentially very useful, more

research is needed to inform clinicians when to include P0.1
in clinical practice and demonstrate its clinical efficiency

and impact on patient outcome.

Monitoring Dyspnea

Dyspnea is a common symptom manifested by individ-

uals in respiratory distress due to cardiopulmonary and

neurologic diseases. It is a strong predictor of mortality

and affects 25–50% patients admitted in ambulatory,

acute, and tertiary care units.77 Dyspnea is a subjective

symptom perceived by patients in respiratory distress,

whereas tachypnea, accessory muscle use, diaphoresis,

etc., are signs caused by difficulty breathing. The presence

and intensity of dyspnea are commonly assessed with vis-

ual analog scales, but the assessment of dyspnea is chal-

lenging due to its subjective nature.

Similar to pain, dyspnea causes physical suffering and

emotional distress to patients. Its identification is crucial

for symptom management. Although dyspnea is not un-

common, published literature on the topic suggests that

clinicians often underestimate its presence.78-80 Binks et al78

reported that significant breathing discomfort is as common

as pain in mechanically ventilated subjects and that clini-

cians misjudge its occurrence. In a prospective, multi-cen-

ter study, Haugdahl and colleagues79 assessed agreement

between physicians, nurses, and mechanically ventilated

subjects’ rated breathlessness during spontaneous breathing

trials. The results indicated that subjects reported more

breathlessness after undergoing spontaneous breathing

trials compared to assessments made by physicians and

nurses. More recently, Gentzler et al80 assessed the fre-

quency of dyspnea relative to pain as well as the accuracy

of nurses’ and personal caregivers’ dyspnea ratings relative

to patient-reported dyspnea in subjects admitted to the

medical ICU. The study results indicated that 47% of sub-

jects reported moderate-to-severe dyspnea and 41%

reported moderate to severe pain. Furthermore, the authors

reported that a subjects’ dyspnea rating had significant

agreement with a personal caregiver’s rating, whereas

dyspnea ratings by nurses were not significantly related to

subjects’ rating. Also, pain was more likely to be treated

than was dyspnea.

There is a clinical need to develop and utilize measure-

ment tools that could be utilized to accurately quantify

dyspnea. The Respiratory Distress Observation Scale (Fig.

5) is a 8-item, valid, and reliable scale that is used to mea-

sure dyspnea in patients who are unable to self-report.81

Persichini et al82 reported a significant correlation between

the visual analog scale, commonly used to assess dyspnea,

and the Respiratory Distress Observation Scale to measure

dyspnea in subjects admitted in the ICU. This study pro-

vides evidence that dyspnea can be assessed quantitatively

and accurately. Timely identification of dyspnea could lead

to appropriate symptom management and reduce patient

discomfort.

For mechanically ventilated patients, questioning their

dyspnea level is both doable and useful. In 2011, Schmidt

et al83 noted that dyspnea during mechanical ventilation is

common and intense and that it was associated with anxi-

ety and mechanical ventilation settings. Perhaps most

importantly, it was associated with delayed extubation

when dyspnea did not improve with adjustments in venti-

lator settings. Currently, there is a need for further large-

scale studies to quantify dyspnea and to develop strategies

to alleviate the sensation of breathlessness and improve

patient outcomes related to dyspnea, such as quality of

life.

Conclusions

Respiratory monitoring provides clinicians with vital in-

formation that aids in clinical decision making. Although

they are clinically very important, monitoring parameters

Variable Points Total
0 1 2

Heart rate, beats per min < 90 90–109 ≥ 110

Breathing frequency, breaths/min ≤ 18 19–30 > 30

Restlessness
a

None Occasional, slight 

movements

Frequent movements

Accessory muscle use
b

None Slight rise Pronounced rise

Paradoxical breathing pattern
c

None NA Present

Grunting at end-expiration
d

None NA Present

Nasal flaring
e

None NA Present

Look of fear None NA Eyes wide open, facial 

muscles tense, brow 

furrowed, mouth open

Total

Fig. 5. Respiratory Distress Observation Scale. From Reference 81. aNonpurposeful movements; bRise in clavicle during inspiration; cAbdomen

moves in during inspiration; dGuttural sound; eInvoluntary movement of nares; NA¼ not applicable.
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such as f, minute volume, breathing effort, and dyspnea

pose significant clinical challenges. Clinicians need to

overcome these challenges through education or reeduca-

tion, improvements in workflow, and technological advan-

ces. Future studies are needed to inform clinicians on

better, more practical ways to assess these important clini-

cal values.
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Discussion

Schmidt: I wanted to raise the idea

that, while it seems self-evident, that a

more accurate breathing frequency is

better. There’s an interesting study

that suggests there’s an extra element

we ought to consider especially if the

question is, ‘is frequency a good pre-

dictor of trouble to come?’1 which is

what Fieselmann’s paper2 from many

years ago is about. It comes from a pa-

per that looked at an electronic means

of measuring frequency and heart rate

and compared that to the documenta-

tion of the nurses in the electronic

health record.1 One of the findings was

that the median frequency documented

by the nurses was 18 breaths/min. It

was a very large study, by the way, of

more than 1,000 subjects. But it turned

out that what the nurses documented

was a better predictor of deterioration

than the presumably more accurate

electronic measure, and they hypothe-

sized that there was some other ele-

ment going on; that it wasn’t just

frequency and that when nurses write

a higher frequency down there’s some-

thing else other than frequency that

they recognized that caused them to

document the frequency. Maybe it’s

just that nurses need to be defended,

but I think there’s some extra element

in the nurses’ documented frequency

compared to truth.

Scott: Very interesting, and this is

certainly not an effort to put to focus

solely on nurses. A lot of the papers pre-

sented here were from Australia/New

Zealand and some European countries

where respiratory therapists do not prac-

tice. But, to your point, it sounds like

maybe there’s nursing intuition factor

that may need to be accounted for here.

Smallwood: These data are very

interesting. I have a couple questions

though. I agree that there is something

to be said for nursing or clinician intu-

ition. Perhaps this is why we don’t see

a ton of automated systems outper-

forming bedside clinicians. But what if

it’s something else? Given how we

collect information at the bedside and

the issues with documenting erroneous

breathing frequency values as has

been presented, how could a system

possibly detect a deterioration in

patient condition earlier if it’s only

able to look at documented data? Data

that actually doesn’t reflect what’s

happening with the patient. If I do a

study that relies upon this manually

transcribed data, data that is only

entered into the record when the bed-

side clinician deems it necessary and

is possibly or even likely to be errone-

ous, why should I be surprised that I

am unable to build something that

does better than the clinician? That’s

the question I’m asking. I don’t know

exactly where to go with that, but

we’ve all heard the expression before

‘garbage in, garbage out’. That brings

up the point, are there data that a clini-

cian sees that aren’t in the record? For

sure. But where do we go from here?

This is an open question that has me

thinking.

Rackley: It’s important because

breathing frequency and altered mental

status are two of the biggest predic-

tors of decompensation and early sep-

sis, and make up two-thirds of the

qSOFA score.3 Clinical prediction

scores, such as the qSOFA and

NEWS scores,4 are becoming part of

the medical record and function as an

early warning that the patient is about

to get sick. I wonder if the nurse is

recognizing a slight altered mentation

and that is causing them to document

breathing frequency a bit more accu-

rately. However, it is interesting that

you mentioned agitation and altered

mental status as reasons given for

NOT recording the breathing fre-

quency. I also think not recognizing

the patient’s dyspnea can be an im-

portant oversight. When you assess

patients who required prolonged me-

chanical ventilation several months

after recovery, a third of them

remember being short of breath and

having difficulty communicating.5

We also know that family members

are often better at assessing a

patient’s dyspnea than providers, so

appreciating this is probably impor-

tant.6 I want to ask you a question;

What do you commonly see dyspnea

interpreted as by the nurses or house

staff?

Scott: I’ve had a lot of nurses just

simply ask, “Can you come look at

my patient?, Something doesn’t seem

right.” But that seems to be associated

with visual signs of shortness of

breath, mental status change, or con-

fusion. Which is probably what you

see, too.

Rackley: I commonly see dyspnea,

tachypnea, and early sepsis interpreted

as anxiety. Dr MacIntyre and I were

in the intensive care unit the other

day, and a patient had a pH of 7.28.

The staff reported, ‘oh they’re not

just short of breath, they’re really

anxious’. A pH of 7.28 will make a

patient very short of breath and I

think misinterpreting this as anxiety

instead of dyspnea can lead to treat-

ment of anxiety rather than recog-

nizing an early sign of sepsis or

impending decompensation.
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Scott: The more I thought about this

while going through the literature,

especially the qualitative literature, it

really is hard to stand there and count

frequency for 1 minute. It’s just not

easy to capture, for various reasons.

This presentation and literature search

is making me wonder if while placing

blood pressure cuffs and EKG leads,

we should be applying some type of

device to accurately quantify and track

breathing frequency. I understand that

patient assessment is the key to this,

and I’m all about it a good clinical

assessment, but clearly there’s an issue

with accuracy and documentation.

*Hess: There is a pulse oximeter

that measures breathing frequency by

looking at the artifacts that Greg

[Schmidt] talked about this morning.

Nobody would omit getting a pulse

oximeter saturation, so why not get the

breathing frequency off the same

device?

Scott: Agreed. That was one of the

devices that I presented earlier, and it

seems to work pretty well. It’s interest-

ing technology.

Pham: Regarding breathing fre-

quency, I feel like you have lots of var-

iability with patients, which is normal

and not concerning. Maybe repeating

the same measurements with different

devices at different times is actually

not accurate. The several assessments

might not actually be different but just

a variability of the patient. Second, if

you want to be sure that your patient

will not desaturate or have no signs of

dyspnea and then respiratory failure

because they have a high breathing

frequency, I feel like having a fre-

quency even if it’s eyeballing and see-

ing that the patient doesn’t seem like

they’re tachypneic would be ok. There

are different settings where you may

want to closely observe oxygenation

because you’re applying high-flow or

for research purposes you need a more

accurate measurements, but otherwise

I would propose that you might not

want such a precise frequency.

Schmidt: There isn’t just frequency

either. Every breath cycle is poten-

tially different and just as you alluded

to, the variability may be an important

signal about stress on the system just

like heart rate variability. And if we

think of frequency as 18 breaths/min

vs 27 breaths/min that’s one thing, but

you might think about two similar fre-

quencies being different if the amount

of variability is different. Although I

argued a few moments ago against

accurate measurements because the

nurse adds value, there might be some-

thing about variability that would add

to just the number of breaths/min.

Walsh: One of the things I worry

about is we have a hard time determin-

ing work of breathing. It’s not just a

frequency of 18 breaths/min. Maybe

that’s what the nurses are picking up

on that is predicting the downward spi-

ral. Did you see anything about the

pattern of breathing or other estima-

tions of work of breathing? Maybe

taken from EKG monitoring, like pat-

tern recognition (slope), I know some

people have been looking at that over

the years. I do believe that if you have

a pretty nice breathing pattern, just

like pulse oximetry with a nice ple-

thysmograph, then you can believe the

pulse oximeter number. So I don’t

know why we don’t apply that to fre-

quency, if we can see that there’s a

decent pattern and the patient is still,

then you can believe that number ver-

sus doing a whole minute calculation

to get that number. Or allowing an

early warning system to use.

Scott: One thing that happens with

those monitors is that occasionally the

breathing frequency alarms will acti-

vate and display something erroneous

like, apnea or zero, even though the

patient is intubated and mechanically

ventilated. So, I can tell you that at

this point in time, I have very little

confidence in the EKG and its ability

to accurately display breathing fre-

quency. I’ve personally seen patients

on mechanical ventilation and the

breathing frequency displayed on the

physiologic monitor was totally inac-

curate. So, for this presentation, I did

not include it.

†Kallstrom: Did you look at the

inability to say a complete sentence,

maybe a three word sentence? Is there

much in the literature about that when

it comes to determining dyspnea?

Scott: I think when you look at the

dyspnea papers presented here, speak-

ing in short sentences was definitely a

component. What I gained from the

literature was that dyspnea is a bit

challenging to determine. Clinically,

we certainly acknowledge that if

somebody can’t speak in full senten-

ces prior to treatments, and then they

can afterwards, it certainly signals

and improvement in their degree of

dyspnea.

Walsh: In support of our nursing

colleagues, I remember a study about

RTs documenting heart rate when they

were doing treatments and they would

chart the breathing frequency almost

100% of the time but not document

the heart rate. So you wonder if the

nurses were doing the same thing

because that’s their focus. If it’s in the

normal range maybe they drop some

of the other items just like RTs do.

Scott: Again, my intent is not to tar-

get our nursing colleagues. It’s just

the group most often involved in the

literature we have on the topic. I sus-

pect that if you did the same studies

with RTs, you would find similar

results.

REFERENCES

1. Churpek MM, Snyder A, Twu NM, Edelson

DP: Accuracy comparisons between manual

and automated respiratory rate for detecting

RESPIRATORY CARE � JUNE 2020 VOL 65 NO 6 805



clinical deterioration in ward patients. J Hosp

Med 2018; 13(7): 486-487.

2. Fieselmann JF, Hendryx MS, Helms CM,

Wakefield DS: Respiratory rate predicts cardio-

pulmonary arrest for internal medicine patients.

J Gen InternMed 1993; 8(7): 354-360.

3. Seymour CW, Liu VX, Iwashyna TJ,

Brunkhorst FM, Rea TD, Scherag A, et al.

Assessment of clinical criteria for sepsis:

For the Third International Consensus

Definitions for Sepsis and Septic Shock

(Sepsis-3). JAMA 2016;315(8):762-774.

4. Prytherch DR, Smith GB, Schmidt PE,

Featherstone PI. ViEWS–Towards a national

early warning score for detecting adult inpa-

tient deterioration. Resuscitation 2010;81

(8):932-937.

5. Jubran A, Grant BJB, Duffner LA, Collins

EG, Lanuza DM, Hoffman LA, Tobin MJ.

Long-term outcome after prolonged me-

chanical ventilation. a long-term acute-

care hospital study. Am J Respir Crit Care

Med 2019;199(12):

1508-1516.

6. Gentzler ER, Derry H, Ouyang DJ, Lief L,

Berlin DA, Xu CJ, Maciejewski PK,

Prigerson HG. Underdetection and under-

treatment of dyspnea in critically ill patients.

Am J Respir Crit Care Med 2019;199

(11):1377-1384.

*Dean R Hess PhD RRT FAARC is Managing

Editor of RESPIRATORY CARE.

†Thomas J Kallstrom MBA RRT FAARC is

Executive Director of the AARC and Publisher

of RESPIRATORY CARE.

This article is approved for Continuing Respiratory Care Education

credit. For information and to obtain your CRCE

(free to AARC members) visit

www.rcjournal.com

806 RESPIRATORY CARE � JUNE 2020 VOL 65 NO 6


