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BACKGROUND: Counting breaths for a full minute for all patients to determine breathing fre-
quency could result in excessive work load for many medical staff. The aim of this study was to
verify the agreement of 2 quick screening methods with counting breaths for a full minute.
METHODS: We conducted a cross-sectional study to compare the breathing frequency estimates
from a 15-s period multiplied by 4 (15-s quadruple) and a value which is 60 divided by the time
measured for a single breath (ie, breathing time measurement) against counting breaths for a full
minute. Subjects of this study included 58 nurses; 1 nurse acted as the patient, and 57 nurses
counted the patient’s breathing frequency using each of the 3 methods. Each nurse examiner
performed the breathing time measurement, the 15-s quadruple method, and the 1-min breath
count, in that order. We performed correlation and Bland-Altman analyses between the 15-s
quadruple and 1-min breath count methods, and between the breathing time measurement and
1-min breath count methods. Using paired ¢ tests, we compared the absolute difference between the
15-s quadruple and the 1-min breath count methods to the absolute difference between the breath-
ing time measurement and the 1-min breath count methods. RESULTS: The coefficient of corre-
lation between the 15-s quadruple and 1-min breath count was 0.83, while the coefficient of cor-
relation between the breathing time measurement and 1-min breath count methods was 0.90.
Brand-Altman analysis indicated that the bias of 15-s quadruple method to the 1-min breath count
method was —2.1 = 2.9 SD, and the limit of agreement was *5.6; the bias of the breathing time
measurement method to the 1-min breath count method was 0.5 += 2.6 SD, and the limit of
agreement was *5.0. There were statistically significant differences between the 15-s quadruple and
1-min breath count methods and between the breathing time measurement and 1-min breath count
methods (P < .001). CONCLUSIONS: The breathing time measurement method had better agree-
ment with the 1-min breath count method than did the 15-s quadruple method in this study setting.
Key words: physical examination; vital signs; breathing frequency; tachypnea; work load; mass screen-
ing. [Respir Care 2019;64(5):555-563. © 2019 Daedalus Enterprises]

Introduction

The 4 traditional vital signs, which are pulse rate, body
temperature, blood pressure, and breathing frequency, are
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fundamental factors used to assess the condition of pa-
tients worldwide.! Because altered breathing frequency es-
pecially tends to be the first sign of clinical deterioration,
it is one of the most significant indicators for predicting
clinical outcomes.>® Therefore, breathing frequency has
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been gaining importance and has been widely incorporated
into many different clinical prediction rules.”-°

Despite the clinical importance of breathing frequency,
many previous studies have pointed out the unreliability of
this vital sign.'>-'2 The standard method for assessing
breathing frequency is to count for 30 s or 60 s.'3-'5 How-
ever, the duration of counting can increase the time needed
to perform this assessment in daily clinical situations; hence,
many medical staff unofficially use a faster method with-
out any published evidence.!®-20 Previous studies have
assumed that one of the reasons for the unreliability of
breathing frequency counts is this unofficial use of var-
ious quick-check methods.!"-!22! To our knowledge,
however, there is no evidence regarding the agreement
of these quick-check methods with either of the stan-
dard methods. Therefore, it is unclear whether the use
of quick-check methods causes the aforementioned un-
reliability, in the scientific sense of the term.

The aim of this study was to assess the agreement of 2
representative quick-check methods with the accepted stan-
dard method of counting breaths for a full minute (Fig. 1).
One of the quick-check methods is to count breaths for
15 s and multiply this count by 4 (ie, 15-s quadruple),
which is unofficially used in many health care facili-
ties.>!1:22 The other is quick-check method assessed in this
study is the newly developed method in which the pro-
vider counts the time needed for a single breath and then
divides 60 by the time for a single breath (ie, the breathing
time measurement). Our study was the first to provide
evidence regarding the validity of these quick-check meth-
ods.

Methods
Study Design

This cross-sectional study evaluated the agreement of
2 quick-check methods with the 1-min breath count method.
First, we calculated the correlation between the 15-s qua-
druple and 1-min breath count methods, and between the
breathing time measurement and 1-min breath count meth-
ods. Second, we performed Bland-Altman analyses to com-
pare the 15-s quadruple and 1-min breath count methods,
and to compare the breathing time measurement and 1-min
breath count methods. Third, we used paired ¢ tests to
compare the absolute difference between the 15-s quadru-
ple and 1-min breath count methods, and the difference
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Current knowledge

Assessing breathing frequency using a 30-s count mul-
tiplied by 2 tends to yield higher results than those
found when counting for 1 full minute. However, many
clinicians unofficially use a much quicker method for
assessing breathing frequency (counting breaths for 15 s
and then multiplying by 4), without any published ev-
idence to support its validity.

What this paper contributes to our knowledge

Both the 15-s count multiplied by 4 (15-s method) and
the breathing time measurement method had good agree-
ment with 1-min breathing frequency. However, the
15-s method tended to yield higher results than the true
value, and the breathing time measurement method had
better agreement with 1-min breathing frequency than
the 15-s method.

between the breathing time measurement and 1-min breath
count methods.

Ethical Approval

The institutional reviewed board at Jichi Medical Uni-
versity approved this study. The participants provided in-
formed consent.

Setting

We hosted a training session to train nurses in vital sign
assessment at the Toyota Central Hospital on March 26,
2014. In this training session, all subjects practiced the
accepted standard of 1-min breath count as well as the
2 quick-check methods. After a 30-min lecture and prac-
ticing the breathing frequency methods, we conducted a
simple competency test from March 26 to April 28 to
assess improvement in the subjects’ skills. Subjects counted
the breathing frequency of 1 examinee nurse. We collected
data on all 3 different breathing frequency methods. This
study was conducted to re-assess this data set retrospec-
tively.

Participants

The 58 subjects (57 examiners and 1 examinee) were em-
ployed at the Toyota Central Hospital. The mean = SD age
of the examiners was 40.3 = 10.0 y, and the examiners’
mean = SD years of experience was 19.1 = 10.2. Five of
the examiners were male (8.8% of all examiners). The
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Fig. 1. Schematic representations of the 3 breathing frequency counting methods. A: Breathing time measurement. B: 15-s quadruple. C:
1-min breath count (the accepted standard).
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57 examiners underwent the competency test and were
enrolled in this study. We recruited one nurse as an ex-
aminee. He was a 48-y-old healthy man, without any par-
ticular medical history. He had a smoking habit of 1 pack
per day for 28 years, and he volunteered for this role
without any particular reason. The other 57 nurses as-
sessed his breathing frequency as examiners.

Study Protocol

The examinee nurse was instructed to lie down on the
bed and close his eyes so that he would not notice when
the examination started. He was instructed to change the
frequency of his breathing randomly for each session, and
to maintain that frequency throughout the session. The
breathing frequency in each session was assessed by 1 ex-
aminer at a time, and 2-3 examiners underwent the com-
petency test each day. The examiners assessed breathing
frequency using each of the 3 methods in a specific order.
First, the examiners measured breathing time measure-
ment, followed by the 15-s quadruple method, and then by
the 1-min breath count method. We ensured that the ex-
aminee maintained a consistent respiratory pattern during
each session using an electronic bedside monitor (PVM-
2703, Nihon Kohden, Tokyo, Japan). The examiners re-
ported only the duration of 1 breath and the number of
breaths in a 15-s period, without calculation. The chrono-
graph used in this study was the TANITA Stopwatch TD-
392 (Tokyo, Japan), which can measure breathing fre-
quency with an accuracy of one hundredth of a second. We
provided brief instructions to the examiners individually
before each trial, and we recorded all of the values and
supervised each trial. Each nurse participated in only 1 trial,
and each method was performed once, unless the process
was disturbed by an unavoidable reason, such as the ex-
aminee’s cough or sneeze, or the examiner not pressing the
button.

Measurement of Breathing Frequency

Breathing Time Measurement. Examiners carefully ob-
served the examinee’s breathing pattern, and then recorded
inspiratory movement of body parts, generally chest rise
movements. Examiners pushed the start button when the
cycle of thoracic lifting movements initiated and pushed
the stop button when the next cycle of thoracic lifting
movements initiated. This means that the duration between
the beginning of inspiration and the beginning of the next
inspiration, as perceived by the examiner, was measured.
We termed this duration the single-breath time. The esti-
mated breathing frequency by the breathing time measure-
ment method is the 60 divided by single-breath time (lead-
ing to an accuracy of one hundredth of a second) for the
calculation, and rounded off the values to 2 places after the
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decimal to estimate breathing frequency by the breathing
time measurement method.

15-s Quadruple. The breath count during an arbitrarily
selected 15-s period was measured. We did not apply any
specific criteria for beginning the measurement or for the
last incomplete respiratory cycle in this method because
there are no previous studies defining such parameters for
the 15-s quadruple method. Breathing frequency was es-
timated by multiplying the 15-s quadruple breath count
by 4. We treated the estimated breathing frequency from
the 15-s quadruple method as natural numbers.

1-Min Breath Count. We adopted standard measurement
criteria for the 1-min breath count, as described in the
World Health Organization (WHO) Acute Respiratory In-
fection program.2? Despite our best efforts to obtain the
exact definition of the formal measurement of breathing
frequency, there were no definitive indications regarding
the beginning of the measurement and whether the last
incomplete respiratory cycle should be included. Although
there is no specific published definition, breathing fre-
quency should implicitly be considered as an integer.

Statistical Analysis

The mean values of each breathing frequency method
were compared using paired Student ¢ tests. We analyzed
the correlation between methods using Pearson’s product
moment correlation, and then we directly compared these
coefficients.

We also performed Bland-Altman analyses comparing
the various methods to assess breathing frequency.?* The
Bland-Altman analyses examined the agreement between
2 methods designed to measure breathing frequency. We
plotted the differences and bias between the breathing fre-
quency methods, and we calculated upper and lower limits
of agreement. The limits of agreement are calculated as =
1.96 SD of the mean difference between any 2 methods.

The graphs indicate agreement across the range of breath-
ing frequency values and the yield measures of bias be-
tween the breathing frequency estimated with the 15-s
quadruple method and the 1-min breath count method, and
between the breathing frequency estimated with the breath-
ing time measurement method and the 1-min breath count
method. The Bland-Altman spot has 3 abscissa lines. The
centerline indicates the mean difference and the upper and
lower lines show the limits of agreement. The limits of
agreement are calculated as = 1.96 SD of the mean dif-
ference between the 2 methods.

We also assessed the absolute value of the differences
between various combinations of the methods using
Welch’s paired ¢ test. Prior to this calculation, we con-
firmed that both quick-check methods met normality cri-
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15-s quadruple (breaths/min)
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1-min breath count (breaths/min)

Fig. 2. Scatter plot of the correlation between breathing frequency
estimated with the 15-s quadruple method and the 1-min breath
count (r = 0.83, r? = 0.68, 95% Cl 0.72-0.89, P < .001).

teria using the Shapiro-Wilk test. All P values were 2-tailed,
with P < .05 considered statistically significant.

All statistical analyses were performed using EZR
(Saitama Medical Center, Jichi Medical University,
Saitama, Japan), which is the graphical user interface for R
software (R Foundation for Statistical Computing, Vienna,
Austria).?>

Results

Breathing Frequency Measured Using 3 Methods

The mean = SD estimates of the examinee’s breathing
frequency, based on the breathing time measurement, the
15-s quadruple, and 1-min breath count methods were
240 = 5.6, 26.6 = 5.5, and 24.5 = 5.1 breaths/min,
respectively.

The result of the correlation analysis between breathing
frequency estimated with the 15-s quadruple and 1-min
breath count methods is shown in Figure 2. The coeffi-
cient of the correlation between these methods was 0.83
(95% CI 0.73-0.90, P < .001). The ¢ test showed a
significant difference between these methods (P < .001).

Bland-Altman plots of the correlation between breath-
ing frequency estimated with the 15-s quadruple and 1-min
breath count methods are shown in Figure 3. The mean = SD
correlation between these methods is —2.1 = 2.9. The
limits of agreement are * 5.6.

The result of the correlation analysis between breathing
frequency estimated with the breathing time measurement
and the 1-min breath count methods is shown in Figure 4.
The coefficient of the correlation between these methods
was 0.90 (95% CI 0.83—-0.94, P < .001). The ¢ test did not
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show a significant difference between these methods
(P = .14).

Bland-Altman plots of the correlation between breath-
ing frequency estimated with the breathing time measure-
ment and 1-min breath count methods are shown in Figure
5. The mean = SD correlation between these methods is
0.5 = 2.6. The limits of agreement are * 5.0.

The average correlation between the 15-s quadruple
method and the 1-min breath count method is 2.7 = 2.2,
while that between the breathing time measurement method
and the 1-min breath count method is 1.9 %= 1.8. The
paired ¢ test showed a significant difference between the
15-s quadruple and 1-min breath count methods and be-
tween the breathing time measurement and 1-min breath
count methods (P < .001) (Fig. 6).

Discussion

We found that both the 15-s quadruple method and the
breathing time measurement method correlated signifi-
cantly with the 1-min breath count method. Brand-Altman
analysis, however, revealed that the breathing time mea-
surement method had better agreement with the 1-min
breath count method; the 15-s quadruple method consis-
tently overestimated breathing frequency compared with
the 1-min breath count method, and its limits of agreement
were larger than those for the breathing time measurement
method. Further, the difference between the breathing fre-
quency estimated with the breathing time measurement
and the 1-min breath count was significantly smaller than
the difference between the breathing frequency estimated
with the 15-s quadruple method and the 1-min breath count,
demonstrating a better agreement between the breathing
time measurement method and the 1-min breath count.

We provide new evidence to show that the 15-s qua-
druple method fundamentally tends to overestimate breath-
ing frequency. In a study of 97 children under the age of
5y, Simoes et al'4 reported that the mean difference be-
tween a 30-s doubled method and a pneumocardiogram
was 1.72 £ 8.60, which was smaller than that of the 15-s
quadruple method despite the wide variety of that study’s
objectives. These results imply that the 15-s quadruple
method leads to excessive counting compared to the 30-s
doubled method. A study by Gadomski et al'> concluded
that the 30-s doubled method tended to yield breathing
frequency estimates that were 2—4 breaths greater than the
1-min breath count, particularly when breathing frequency
was high. We believe the 15-s quadruple method leads to
similar overestimates.

We suggest 2 reasons to explain this tendency. First, the
15-s quadruple estimates are calculated by multiplying the
value obtained in 15 s by 4, which amplifies any residual
error by 4. Second, there is no consensus for the definition
of counting a breath in the 15-s quadruple method. This
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Fig. 3. Bland-Altman spot distribution between the 15-s quadruple method and the 1-min breath count against the mean of measurement.
Outer lines are for comparison, upper and lower limits of agreement (gray lines) are equal to the average difference = 1.96 SD, and the

dashed line indicates the bias.
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Fig. 4. Scatter plot of the correlation between breathing frequency
estimated with the breathing time measurement method and the
1-minbreath count (r = 0.90,r? = 0.79,95% C10.83-0.93, P < .001).
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allows variations such as when an examiner identifies that
start of a respiration, and an examiner may count the last
incomplete breathing cycle. These variations lead the 15-s
quadruple method to include several additional breathing
cycles when the value is multiplied by 4 to represent a full
minute of breathing.

One of the most important methodological difficulties
for measurement of regular breathing frequency is the need
to view the watch or chronometer regularly to track the
elapsed time.'® Many researchers agree that such method-
ological multi-tasking difficulties cause inaccuracy.!6-22.26-28
However, the breathing time measurement method is an
extremely quick method and does not require multi-task-
ing. Although this method is more demanding in terms of
calculation, we believe that it can be used as a reliable
quick-check method for screening. Complicated calcula-
tions are not necessary if the breathing time measurement
method is used simply as a screening tool. The single-
breath time is suitable for assessing the patient’s breathing
frequency quickly during screening. For instance, if the
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Fig. 5. Bland-Altman spot distribution between the breathing time measurement method and the 1-min breath count. Outer lines are for
comparison, upper and lower limits of agreement (gray lines) are equal to the average difference = 1.96 SD, and the dashed line indicates

the bias.

single-breath time of the patient is < 3 s, there is a high
possibility of tachypnea. We used the estimated breathing
frequency by breathing time measurement, which requires
complex calculations, only for the sake of comparison in
this study.

The idea for breathing time measurement, our newly
invented spot assessment, is based on the assumption that
breathing frequency generally involves regular cycles, ini-
tiated by the medullary respiratory center through the Her-
ing-Breuer reflex.?® However, as is well known, many
types of abnormal respiratory rhythms, such as Cheyne-
Stokes, periodic, ataxic, apneustic, Biot’s, and gasping res-
piration, are observed in severely deteriorated cases.3* Be-
cause very little is known regarding the variability of the
respiratory interval in any given patient, the breathing time
measurement method is not always an adequate method to
assess abnormal breathing patterns.

Many types of electronic devices have been invented to
measure breathing frequency automatically and represent
one of the ideal solutions to reduce work load.!? Recently,
many researchers have started to verify the accuracy of

RESPIRATORY CARE @ MAY 2019 VoL 64 No 5

new electronic devices in the clinical setting. The
mean * SD differences for the breathing time measure-
ment method in our study was comparable to the results
obtained with these devices. For instance, the mean = SD
difference between the readings obtained using respiR8®
(Anaxys Technology, Keele, Staffordshire, United King-
dom), Sensium Vitals (Toumaz, Abingdon, United King-
dom), and RespiraSense (PMD Solutions, Cork, Ireland)
and the manual method were 0.86 = 2.5, 0.4 £ 6.7,
and —0.41 = 1.8, respectively.?!-33 The Sensium Vitals
system was also studied by other researchers, who found
the mean * SD difference to be 0.3 = 5.87.34 Although
these results were obtained in different settings and cannot
be compared directly, it seems that our quick-check method
is relatively accurate compared with digital patch devices.
In addition, it has a low cost and is reasonably quick. At
the time of this writing, these devices have not met current
clinical standards for accuracy and cost-effectiveness.3?
Although the 1-min breath count method is widely con-
sidered the accepted standard, 3 studies have reported in-
ter-observer differences. One study showed that the
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Fig. 6. Comparison of the absolute differences between the breath-
ing time measurement method and the 1-min breath count, and
between the 15-s quadruple method and the 1-min breath count.
The result of paired t tests between the absolute differences is
shown (P < .001). Center lines represent the median. The bottom
and top of the boxes are first and third quartiles, respectively. The
bottom and top whiskers indicate the 5th and 95th percentiles,
respectively. Points show outliers of whisker definition.

mean *+ SD difference for inter-observer agreement among
3 different examiners performing the WHO standard count-
ing was 0.58 = 5.4.35 This study’s observers separately
assessed the breathing frequency of 55 subjects, whose
ages ranged from 10 d to 7 y, within 30 min. This mean
difference is larger than that of the breathing time mea-
surement method in our study, but the authors concluded
that this difference was clinically acceptable. The second
study showed that the mean *= SD difference between a
standard approach over 60 s and electronic measurements
was 1.7 = 1.1.3* The third study examined 50 acutely
admitted adult subjects in the medical ward. The mean
difference derived from widely used electronic measure-
ments was also much larger than that for the breathing
time measurement method. This study verified the accu-
racy of breathing frequency assessment performed by phy-
sicians.?> The mean * SD difference between true breath-
ing frequency assessed by watching a video and the
physician’s assessment was —5.4 = 10.7, even after for-
mal training in the manual method, which was a consid-
erably high range of differences. On the basis of these
data, it is difficult to conclude that breathing frequency
itself is a precise parameter.

Breathing frequency is known worldwide to be an often
unreliable vital sign, which suggests a fundamental under-
lying cause.!7-2226-28,36 Clinicians should focus more on
adequate assessment and use of this important information
to enhance patient care. The 1-min breath count method is
not completely reliable because breathing frequency itself
exhibits a certain range of values depending on the time of
day and the patient’s condition. In a practical sense, we

562

believe that a screening step before elaborate examination
may have many advantages for making clinical decisions,
considering feasibility and credibility. Our study is the
first step in assessing the agreement of quick-check meth-
ods with the accepted standard in methodological terms.
Our results show that these methods may be useful for
developing quick screening tools to detect tachypnea and
bradypnea. Further studies are necessary to assess the fea-
sibility and utility of these in a clinical setting.

Limitations

This study has limitations. First, our study setting was
an experimental scenario meant for training. There was
only 1 examinee and this person was healthy, hence this
does not represent a patient in distress. Second, the exam-
inee maintained a regular breathing frequency for each
test, changing the frequency randomly with each trial. These
artificial conditions are different from real-world clinical
situations. Third, the examiners did not perform the ac-
companying calculations while counting breaths for 15 s
and timing the single breath for the breathing time mea-
surement method. This implies that we did not consider
human error due to miscalculation and the work burden of
calculations. Fourth, the examiners performed 3 different
methods sequentially in a very short period of time; al-
though we carefully monitored the breathing patterns of
the examinee throughout all the sessions using an elec-
tronic bedside monitor, there were minor variations. These
limitations should be considered while assessing the clin-
ical suitability of the results. However, the main aim of
this study was to assess the methodological agreement of
the 2 quick-check methods, thus, we wished to eliminate
potential confounders, especially those of disease and hu-
man error. These methods should be further investigated in
the clinical setting.

Conclusion

The data from our study suggests that the 15-s quadru-
ple method and the breathing time measurement method
were significantly correlated with the 1-min breath count
method. However, the 15-s quadruple method fundamen-
tally overestimated breathing frequency. The breathing time
measurement method had a better agreement with the 1-min
breath count than did the 15-s quadruple method when the
participant exhibited a regular breathing frequency.
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