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Abstract

Aims: To identify the potential sources of inaccuracy in manually measured adult
respiratory rate (RR) data and quantify their effects.

Design: Quantitative systematic review with meta-analyses where appropriate.
Data Sources: Medline, CINAHL, and Cochrane Library (from database inception to
31 July 2019).

Review Methods: Studies presenting data on individual sources of inaccuracy in the
manual measurement of adult RR were analysed, assessed for quality, and grouped
according to the source of inaccuracy investigated. Quantitative data were extracted
and synthesized and meta-analyses performed where appropriate.

Results: Included studies (N = 49) identified five sources of inaccuracy. The aware-
ness effect creates an artefactual reduction in actual RR, and observation methods in-
volving shorter counts cause systematic underscoring. Individual RR measurements
can differ substantially in either direction between observations due to inter- or intra-
observer variability. Value bias, where particular RRs are over-represented (suggest-
ing estimation), is a widespread problem. Recording omission is also widespread, with
higher average rates in inpatient versus triage/admission contexts.

Conclusion: This review demonstrates that manually measured RR data are subject to
several potential sources of inaccuracy.

Impact: RR is an important indicator of clinical deterioration and commonly included
in track-and-trigger systems. However, the usefulness of RR data depends on the
accuracy of the observations and documentation, which are subject to five poten-
tial sources of inaccuracy identified in this review. A single measurement may be
affected by several factors. Hence, clinicians should interpret recorded RR data cau-
tiously unless systems are in place to ensure its accuracy. For nurses, this includes
counting rather than estimating RRs, employing 60-s counts whenever possible, en-
suring patients are unaware that their RR is being measured, and documenting the re-
sulting value. For any given site, interventions to improve measurement should take
into account the local organizational and cultural context, available resources, and

the specific measurement issues that need to be addressed.
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1 | INTRODUCTION

Vital sign observations are a fundamental part of patient monitoring,
and respiratory rate (RR), blood pressure, heart rate, temperature, and
oxygen saturation are the most common metrics underlying monitor-
ing protocols such as physiological track-and-trigger systems (Brekke
etal.,2019). These protocols can support nurses and doctors in the early
detection of patient deterioration and help facilitate rapid responses
to adverse clinical situations (Mohammed et al., 2009; Prytherch
et al., 2006; Subbe et al., 2007). There are several types of track-and-
trigger system, which vary in complexity, but all essentially apply algo-
rithms to routinely measured vital sign values to prompt appropriate
actions, such as clinical escalation or increased monitoring frequency
(Christofidis et al., 2015, 2016). An effective track-and-trigger system
can also empower nurses to escalate by providing objective evidence of
clinical deterioration to support and corroborate their more subjective
or intuitive clinical assessments (Andrews & Waterman, 2005). The ac-
curacy of vital sign data, therefore, can directly impact the usefulness
of these systems, as well as potentially impacting clinical judgement
and decision-making more broadly. Nevertheless, there have been few
systematic reviews or meta-analyses on the topic of vital sign mea-
surement accuracy. Exceptions are Kallioinen et als (2017) investiga-
tion of the sources of inaccuracy in blood pressure measurement, and
Tysinger’s (2015) more general examination of the accuracy of vital sign
data. Tysinger’s (2015) review presented an overview of inaccuracies
arising at the measurement and documentation stages. However, it did
not focus specifically on RR and, unlike Kallioinen et al.'s methodology,
the review protocol was not designed to comprehensively collate the
research evidence for all unique sources of inaccuracy. Consequently,
the results were confined to six key papers, which contrasts sharply
with the 328 publications included in Kallioinen et al's review, despite
its narrower focus on a single vital sign.

Results from systematic reviews on the topic of vital sign accu-
racy can help inform the interpretation and use of vital sign data,
the design of track-and-trigger systems, and the formulation of clin-
ical guidelines and educational interventions, potentially leading to
improvements in the quality of patient care. However, to date, no
published systematic review has presented a comprehensive eval-
uation of the sources of inaccuracy in RR data, although it is known
to be both an important clinical indicator and subject to significant

measurement issues (Lovett et al., 2005).

2 | BACKGROUND

Respiratory rate has been identified as a strong indicator of patient condi-
tion. In addition to associations with mortality (Barthel et al., 2013; Bleyer
et al.,, 2011; Ma et al., 2011; Sinnecker et al., 2014; Strauf3 et al., 2014;

Subbe et al., 2003), abnormal RRs are associated with cardiac arrest

(Fieselmann et al., 1993; Schein et al., 1990; Subbe et al., 2003), sequen-
tial organ failure (Kenzaka et al., 2012), and escalation of care (Cardoso
et al.,, 2014; Considine et al., 2009). There is also some evidence that,
when patients’ vital signs are taken in hospital wards, RR is the strongest
predictor of subsequent clinical deterioration (Churpek et al., 2016).

Since RR is a useful clinical indicator, it is usually incorporated
into physiological track-and-trigger systems (Gao et al., 2007; Smith
et al.,, 2008; The ANZICS-CORE MET dose Investigators, 2012).
However, studies investigating its measurement accuracy have
brought into question the trustworthiness of routinely recorded RR
values (e.g. Lovett et al., 2005; Philip et al., 2015). In the present
paper, we therefore set out to fill the research gap identified in the
Introduction by systematically reviewing the potential sources of in-
accuracy in RR data evidenced in the literature.

Despite advances in automated vital sign measurement, RR re-
mains the vital sign most commonly measured without the use of
an automated device (Ansell et al., 2014; Churpek et al., 2018). For
this reason, the present review focuses exclusively on the accuracy
of manually measured RR data. Broadly speaking, the manual mea-
surement process can be considered to be made up of two discrete
stages: observation and documentation. Observation involves count-
ing a patient's breaths, through visual inspection or auscultation, to
determine their RR in breaths per minute. Best practice is consid-
ered to be a 60-s count using a watch or timing device (World Health
Organisation, 1992, 1993). Documentation refers to the recording of
the patient's RR in the appropriate region of their observation chart or
electronic record. Factors that may impact the trustworthiness of RR
data recorded in a clinical chart or electronic system can be associated

with either of these stages and both were considered in this review.

3 | THE REVIEW
3.1 | Aims

The aims of the present study were to identify potential sources of
inaccuracy in manually measured adult RR data and to quantify their

effects.

3.2 | Design

A systematic literature review was conducted using Medline and
CINAHL databases (via EBSCOHost) and the Cochrane Library. Due to
the broadness of the research question and the diversity of study
methodologies found, meta-analyses were performed only for se-
lected sources of inaccuracy on a case-by-case basis. Details of the
studies included in the review are synthesized in tabulated form and

discussed in the Results section.
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3.3 | Search methods

The databases were searched from inception to 31 July 2019. A broad
search strategy aiming to find all English-language publications related
to inaccuracies in the measurement of adult RR data was employed. The
inclusion criteria were adapted from those of Kallioinen et al. (2017), and
studies were eligible for inclusion if they contained all of the following:

1. Results from an empirical study relevant to the manual mea-
surement of adult patients’ RR in clinical settings;

2. ldentification of at least one specific potential source of inaccu-
racy in the observation or documentation of RR; and

3. Inrelation to each source of inaccuracy identified, quantification of its
prevalence or of its independent effect on documented RR values.

The database searches and their results are summarized in Table 1.

3.4 | Search outcome

The final CINAHL, Medline, and Cochrane Library database
searches yielded a total of 7,514 results (i.e. S11 in Table 1).

Figure 1 presents the subsequent study selection procedure.
After 695 duplicate records were excluded, 6,819 unique re-
cords remained. Of these, a further 6,746 were excluded based
on review of their titles or abstracts. Full texts were retrieved
for the remaining 73 papers, as well as 11 further publications
derived from the reference lists. After all 84 of these full texts
were reviewed, 35 were excluded due to failure to meet the
inclusion criteria for reasons such as an inappropriate sample
(e.g. child patients), lack of quantitative data, or confounding
of multiple sources of inaccuracy, such that independent ef-
fects could not be assessed. The remaining 49 studies were
included.

3.5 | Quality appraisal

The standard quality assessment criteria for evaluating primary re-
search papers from a variety of fields (Kmet et al., 2004) were used
to assess the quality of the empirical studies included in the final
review. Total scores derived from these criteria represent overall
study quality taking into consideration the methodology, adequacy

of reporting, and risk of biased results. However, due to variations

TABLE 1 Searches, search terms, limiters, and number of results yielded (MEDLINE, CINAHL, and Cochrane Library databases)

Search Search terms Limiters Results
S11 S6 OR S7 OR S10 ALL: English Language 7,514
CINAHL: exclude MEDLINE records
S10 S1 ORS9 ALL: English Language 4,415
CINAHL: exclude MEDLINE records
S9 S2 AND S8 ALL: English Language 1,177
CINAHL: exclude MEDLINE records
S8 S30ORS4 ORS5 ALL: English Language 32,485
CINAHL: exclude MEDLINE records
S7 Tl ("vital sign*" OR “vital parameter*” OR "respiratory rate*" OR "breathing rate*" ALL: English Language 1,126
OR "respiration rate*" OR “patient assess*” OR “observation chart*” OR “early CINAHL: exclude MEDLINE records
warning”) AND ("respiratory rate*" OR "breathing rate*" OR "respiration rate*") AND
(“measure™” OR “error*” OR “document*” OR "record*" OR “aware*” OR “bias” OR
“observ*” OR "assess™" OR "neglect*" OR “missing*” OR “inaccur*” OR “accura*”)
Sé6 (“respiratory rate” OR "respiration rate" OR "breathing rate") AND (“measurement”  ALL: English Language 3,058
OR “error” OR “documentation” OR “bias”) CINAHL: exclude MEDLINE records
S5 (MH “Respiratory Function Tests/IS/MT/NU/ST”") ALL: English Language 4,254
CINAHL: exclude MEDLINE records
S4 (MH “Triage/MT/ST") ALL: English Language 3,968
CINAHL: exclude MEDLINE records
S3 (MH “Monitoring, Physiologic/IS/MT/NU/ST") ALL: English Language 24,459
CINAHL: exclude MEDLINE records
S2 (MH “Respiration”) ALL: English Language 64,061
CINAHL: exclude MEDLINE records
S1 (MH "Respiratory Rate") ALL: English Language 3,283

CINAHL: exclude MEDLINE records
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Records from database search

(N=7,514)
- Duplicate records excluded
7 (N =695
Y
Unique records
(N=6,819)
Records from reference lists
(N=11) | Records excluded based on title or abstract
7~ (N =6,746)
Y
Full-texts assessed for eligibility
(N =84)
Full-texts excluded:
reasons include irrelevance,
> inappropriate methodology,
lack of quantitative data
(N =35)
Y

(N = 49)

Publications included in this review

FIGURE 1 Study selection flow chart

in study design and methodology, the quality indicators for stud-
ies addressing different sources of inaccuracy are not directly

comparable.

3.6 | Data abstraction

One reviewer (NK) conducted the initial analysis of the 84 poten-
tially relevant full-text articles. For each study that met the inclusion
criteria, details of the study design, observers, patients, and results
were collected and tabulated, as was further information specific
to the relevant source of inaccuracy. In cases where a single study
investigated both manual and device-assisted measurement of RR,
only data relevant to manual measurement were extracted. The
quality appraisals were also conducted at this stage and the results

were tabulated. The entire process of data abstraction (including

quality appraisal) was then independently audited by another re-
viewer (MJC) and disagreements were resolved through discussion

until complete agreement was reached.

3.7 | Synthesis

Findings related to each independent source of inaccuracy were
tabulated separately and trends were investigated. Discussion of
individual studies and trends is presented in a narrative form, while
quantitative data, overall results from the quality appraisals, and fur-
ther details of each study are presented in Tables 2-6. Full data from
the quality appraisals can also be found in the Tables S1-S5. Due
to the scarcity of comparable studies for some potential sources of
inaccuracy, meta-analytic techniques were performed on a case-by-

case basis for specific sources only. All such statistical analyses were
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conducted in R (R Core Team, 2018) using the metafor package for
meta-analysis techniques (Viechtbauer, 2010).

4 | RESULTS
4.1 | Study characteristics

The 49 studies included in this review were from 16 different
countries. Most were from Australia, the UK, or the USA and in-
vestigated the RRs of medical or surgical patients in health-care
centres. A minority involved either healthy volunteers or mock
patients.

Studies were categorized as investigating either (a) the observa-
tion of RR or (b) its documentation, with some publications address-
ing one aspect of each topic or multiple aspects of either one. Within
these broad categories, the studies yielded evidence for a total of
five distinct sources of inaccuracy in RR data. These included three
sources of inaccuracy introduced at the observation stage, namely
(a) the observation method employed, (b) inter- and intra-observer
variability in RR measurements, and (c) the patient's awareness of
being observed (similar to the white-coat effect in blood pressure
measurement; see Kallioinen et al., 2017). The remaining sources of
inaccuracy related to the documentation stage were (d) value bias

and (e) recording omission.

4.2 | Observation of respiratory rate

Thirteen empirical studies reported the quantitative effects of one
or more sources of inaccuracy potentially introduced into manually
measured RR data at the observation stage. Substantial effects of
observation method and the awareness effect were apparent, along

with a smaller effect of inter-observer variability.

4.2.1 | Observation method

Nine studies investigated the impact of one or more ‘usual care’
methods for taking RR observations (e.g. 15 s or 30 s counts) by
comparing the accuracy of data obtained using those methods
versus a criterion standard (Bianchi et al., 2013; Hill et al., 2018;
Hooker et al., 1989; Lovett et al., 2005; Nielsen et al., 2015; Philip
et al., 2015; Rimbi et al., 2019; Takayama et al., 2019; Worster
et al., 2003) (Table 2 & Table S1).

In the studies by Philip et al. (2015) and Nielsen et al. (2015), ob-
servers were presented with a series of videos showing mock pa-
tients breathing at a range of different RRs (6, 30, and 72 breaths/
min; and 5, 10, 15, 30, and 60 breaths/min respectively). Usual care
measurements were then compared with these pre-determined cri-
terion values (Table 2). However, the pattern of mean differences
across criterion values was inconsistent between the two stud-

ies and no significance testing was conducted. In all other studies,

criterion values were derived from observations by experienced or
trained observers using standardized methods (typically 60 s counts)
conducted in real time, or by video analysis.

Five studies reported significance testing on the mean differ-
ence between usual care and criterion standard measurement. Rimbi
et al. (2019), Takayama et al. (2019), Hill et al. (2018), and Hooker
et al. (1989) all compared RRs derived from 15 s counts (multiplied
by four) with criterion standard 60 s counts. Three of these stud-
ies (Hill et al., 2018; Hooker et al., 1989; Takayama et al., 2019) re-
ported that 15 s counts significantly underestimated RR by around 2
breaths/min on average. Rimbi et al. (2019) reported a smaller mean
difference for nurses whose manual observations were supported
by a mobile application that they tapped each time they observed an
inspiration, and which totalled the breaths automatically. Although
this mean difference was statistically non-significant, the research-
ers nevertheless found that, for patients with severely abnormal
RRs in particular, the 15 s counts led to a substantial incidence of
underscoring within their track-and-trigger system, resulting in po-
tential failures to identify at-risk patients. In two of these studies
(Hill et al., 2018; Rimbi et al., 2019), 30 s counts were also compared
against the criterion-measured counts, yielding the same general
pattern of results but with RR underestimated to a lesser degree. In
the fifth study, Worster et al. (2003) found no significant difference
between an unspecified ‘standard practice’ assessment and a less
rigorous criterion measure based on 30 s auscultation.

However, mean differences only indicate potential systematic
biases, not the extent to which an individual usual care observation
may vary from a criterion standard. For this, the limits of agreement
can be informative. Wider limits of agreement indicate greater
variation in the association between usual care and criterion stan-
dard observations. Among the nine studies, the widest reported
range of 95% limits of agreement for usual care observations was
-30.9-+20.0 (Philip et al., 2015). Since the relevant criterion value
was known to be 72 breaths/min, this indicates that 95% of all
usual care observations were somewhere in the broad range be-
tween 41.1 and 92 breaths/min. On the other hand, the narrow-
est range was -0.49-+1.83 for a criterion value of 30 breaths/min
(Nielsen et al., 2015), which bucked the general trend for the limits
of agreement to be wider for higher known values in a given study
(Nielsen et al., 2015; Philip et al., 2015). Philip et al. (2015) also
evaluated the accuracy of “spot check” estimates (opportunities
for 12 s counts without a timer) and found that the limits of agree-
ment were much wider than when observers had the opportunity
to conduct longer usual care counts of up to 60 s. This, combined
with the demonstrated tendency for short observation periods
to bias RRs towards underestimation (Hill et al., 2018; Takayama
et al., 2019), provides clear evidence that a full 60 s count is nec-
essary to determine an accurate RR.

Only three of the studies reported information on the experience
level of the observers; however, patient characteristics were consis-
tently well reported. The results indicate that manual RR measure-
ments are highly variable between and within observation methods;

however, without knowing the characteristics of the observers, it is
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Measurement by 1 physician +0.36 (NR)
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investigator by 30 s auscultation (NR)

assessment

39.46y, 34/38)

nurses (6, NR, NR),

trained in triage,

unaware of study goal

Abbreviation: NR, not reported.

difficult to fully establish the underlying causes, given the somewhat
inconsistent results across studies (Table 2). Although meta-analysis
on limits of agreement is possible (see Tipton & Shuster, 2017), it was
not considered appropriate in this instance due to the varying defini-
tions of both the criterion standards and comparison measurements

in the studies.

4.2.2 | Inter- and intra-observer variability

Two studies investigated inter-observer variability (Dinh et al., 2013;
Lim et al., 2002) and/or intra-observer variability (Lim et al., 2002) in
RR measurements (Table 3 & Table S2). Given the small number of
studies and their divergent methodologies, meta-analysis was not
considered appropriate.

Dinh et al. (2013) reported a significant difference between
RRs measured first by Emergency Medical Services clinicians and
subsequently by Emergency Department staff. However, the mean
magnitude of this difference was smaller than 1 breath/min. Lim
et al. (2002) made three different comparisons: two simultaneous
observers (nurses vs. study investigator), two observations by differ-
ent observers (both nurses) taken 15 min apart, and two observations
by the same nurses separated by 15 min. The mean differences were
all small (0.1 breath/min), indicating no systematic directional dif-
ference and their statistical significance was not reported. However,
once again, the limits of agreement provide further information.
Across both studies, the widest 95% limits of agreement were
-12-+10 (between Emergency Medical Services and the Emergency
Department; Dinh et al., 2013), while the narrowest were -4.2-+4.4
(for two simultaneous observers; Lim et al., 2002).

It should be noted that the differences reported in these two
studies cannot be attributed entirely to the observers themselves.
Dinh et al.'s (2013) study and two of Lim et al.'s (2002) three condi-
tions investigated observations that were taken at different times.
Only in one condition of Lim et al.'s (2002) study was variability be-
tween simultaneous observers examined, yielding the most consis-
tent measurements of all. Thus, inter- and intra-observer variability
may represent a combination of factors, including variability in the
performance of individual observers, context-related differences,
and genuine changes or variability in RR over time. Regardless of the
precise underlying factors, it is clear that RR measurements can vary

substantially between subsequent or simultaneous observations.

4.2.3 | Awareness effect

Three studies reported the effect of awareness of measurement
on individuals’ RRs (Han et al., 1997; Hill et al., 2018; Western &
Patrick, 1988; Table 4 and Table S3). Hill et al. (2018) investigated the
RRs measured manually from video recordings of healthy volunteers.
The other two studies employed automated devices to measure RR.
Nevertheless, these studies were still regarded as meeting the cri-

terion of being relevant to the manual measurement of RR. This is
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TABLE 3 Studies reporting inter- and/or intra-observer variability in respiratory rate measurements

Mean
deviation
Observers Patients (N, age, Comparison (95% limits of Study
60.375 pt (N, age, M/F) M/F) Comparison and mean values type agreement) Sig. Quality
Dinh Ambulance Adult emergency  Emergency Medical Services Inter-observer  -0.55 (-12 to <0.001 95%
et al. (2013) service patients arriving (19 breaths/min) versus +10)
Australia personnel/ via emergency Emergency Department (18
emergency services (1,181, breaths/min)
department 43y + 20,
staff (NR, 825/356)
NR, NR)
Lim Nurses/ study  Adult medical Nurse (22.1 breaths/min) Inter-observer  +0.1 (-4.2 to NR 95%
et al. (2002) investigator ward or lung versus study investigator +4.4)
UK (NR, NR, NR) function simultaneously (22.0 breaths/
department min) [n = 49]
patients (245, Nurse (20.9 breaths/min) versus  Inter-observer 0(-5.7to+5.7) NR
68.2y + 18, different nurse 15 min later
139/106)

Nurse (24.1 breaths/min) versus

(20.9 breaths/min) [n = 58]

Intra-observer  +0.04 (-4.9 to NR

same nurse 15 min later (24.1 +4.9)
breaths/min) [n = 136]

Abbreviation: NR, not reported.

because individuals’ actual RRs were expected to be affected by this
source of inaccuracy and hence it would have an impact on RR data
regardless of whether the measurements were taken automatically
or manually.

In the study by Western and Patrick (1988), participants’ aware-
ness of their own respiration was heightened by asking them to
count their breaths in threes, while in the studies by Hill et al. (2018)
and Han et al. (1997), participants were explicitly told that their RRs
were being observed or recorded. RRs recorded during these peri-
ods were compared with those recorded without intervention.

Hill et al. (2018) reported a significant decrease in mean RR
(-2.18 breaths/min) when patients were aware of the measurement.
Han et al. (1997) and Western and Patrick (1988) both reported sig-
nificant increases in inspiratory time and Han et al. (1997) reported
a significant increase in expiratory time, when awareness of breath-
ing was heightened. In combination, the mean changes in inspiratory
and expiratory time in these two studies corresponded to mean de-
creases in RR of -2.4 and -1.1 breaths/min respectively. Hence, all
of the available evidence, regardless of whether RR was measured
manually or automatically, suggests that awareness of observation
causes a decrease in measured RR as an artefact of the observation
process, such that it becomes less reflective of the patient's clinical
condition. However, no meta-analysis was conducted on these stud-

ies due to their small numbers and diverse methodologies.

4.3 | Documentation of respiratory rate

Thirty-seven publications that identified sources of inaccuracy
related to the documentation of RR were included. Two specific

sources were apparent: value bias and recording omission.

4.3.1 | Value bias

It has been suggested that particular values are often over-repre-
sented in manually measured RR data because they represent es-
timates rather than actual measurements (Badawy et al., 2017;
Cooper et al., 2013; Keene et al., 2017; Semler et al., 2013). Eight
studies reported on values that appeared to be over-represented
among recorded RRs (Badawy et al., 2017; Bianchi et al., 2013;
Cooper et al, 2013; Granholm et al., 2016; Keene et al., 2017,
Mukkamala et al., 2008; Pedersen et al., 2018; Semler et al., 2013)
(Table 5 and Table S4). Only three of these studies provided direct
evidence of value bias by comparing the recorded prevalence of
over-represented values with criterion-measured comparison data
(Bianchi et al., 2013; Mukkamala et al., 2008; Semler et al., 2013).
For example, Semler et al. found that, in combination, values of 18 or
20 breaths/min accounted for 71.8% of recorded RRs—significantly
more than the 13.0% indicated by the corresponding criterion-meas-
ured data. This means that unsubstantiated instances of these two
values accounted for 58.8% of all recorded RRs. Similar patterns of
over-representation were reported by Mukkamala et al. (for 20 or 18
breaths/min) and Bianchi et al. (for 16 or 18 breaths/min). Although
significance tests were not conducted, unsubstantiated instances of
two values again represented over 50% of RRs in each study.

In studies that lacked criterion-measured comparison data,
weaker indirect evidence of value bias was presented in the form
of clusters of particular values that were often seen as inherently
unlikely (e.g. Cooper et al., 2013) or else compared with expected
distributions and found to deviate (i.e. Badawy et al., 2017; Pedersen
et al., 2018).

We conducted a meta-analysis on frequency data from all

eight studies (employing an unweighted random effects model
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TABLE 4 Studies reporting the effect of awareness on respiratory rate

Expiratory

time

Approximate

Authors
(Year)

Study

mean breath/
min difference

difference,
(seconds)

Inspiratory time
difference (seconds)

Awareness

Patients (N, age,

M/F)

Quality
89%

Sig.

Sig.

comparison Sig.

Measurement method

Country

-1.1(12.2 vs. N/A

<0.001

+0.2(2.8s

Told machine is +0.2(2.1svs.195) <0.001

Healthy population
(74, 33y,

Automated

Han

13.3)

vs.2.6s)

recording versus

device:

et al. (1997)

Belgium

not told machine is

recording

range = 21-63y,

34/40)

Respitrace

(inductance

plethysmography)

100%

-2.13(13.28 vs. <0.0001

N/A

NR

N/A

NR

Aware of respiratory

Healthy population

Manual measurement

from video
recordings

Hill

15.40)

rate monitoring by
researcher versus

unaware

(41, 20.07 y, 8/33);

etal. (2018)
Australia

healthy population

(41, 19.51y, 8/33)

Healthy

82%

-2.4(13.1 vs. N/A

ns

+0.36(2.68 s

<0.01

+0.36 (1.90 s vs.

Asked to count

Automated device:

Western

KALLIOINEN ET AL.

15.5)

vs.2.32s)

1.54 )

population (18, breaths in threes

Respitrace

and Patrick
(1988)
UK

versus not asked

range = 17-59y,

18/0)

(inductance

plethysmography)

Abbreviation: NR, not reported.

using the double arcsine transformation; Freeman & Tukey, 1950;
Miller, 1978). As each study presented data from a different hospital
with a different population of clinicians and patients, an unweighted
model, which does not weight studies by sample size, was consid-
ered the most appropriate. This type of model most adequately al-
lows for generalization to future studies with different samples (Hall
& Rosenthal, 2018).

Since several studies (such as Semler et al.) only reported com-
bined frequencies for two RR values, we analysed the combined
percentage frequency of the two most commonly recorded values
in each study. The meta-analysis indicated an overall predicted pro-
portion of 71.5% [95% Cl: 63.2%, 79.1%; 95% Prediction Interval:
46.2%, 91.1%; > = 0.016] (see Figure 2). Although it is impossible
to know how many of these values were the result of value bias,
it is worth noting that the frequencies reported in the three stud-
ies that did include criterion-measured comparison data (i.e. Bianchi
etal., 2013; Mukkamala et al., 2008; Semler et al., 2013) all fell neatly
within the 95% confidence interval (range = 68.7-75.4%), suggesting
that they were not atypical of the studies as a whole.

The two specific RR values that were the most common varied
from study-to-study, suggesting local cultural or systemic influ-
ences. Across the eight studies, the values frequently included 20
or 18 breaths/min, with six instances each, followed by 16 breaths/
min with three instances. Appearing only once was 15 breaths/min,
a value that is notable in two ways. First, unlike the other common
values, it cannot be derived from a 30 s count (or a 15 s count, un-
like 20 or 16 breaths/min), making its high prevalence all the more
implausible. Second, the two most common values in this study (15
and 20 breaths/min) were the lowest and highest values that re-
ceive a score of 1 on the relevant hospital's track-and-trigger sys-
tem, which may have contributed to their local over-representation.

Taken together, these studies (especially those that employed
criterion-measured comparisons) provide clear support for the sug-
gestion that there is a tendency to bias RR data by recording values
that are thought to be common or ‘normal’ (e.g. Badawy et al., 2017;
Semler et al., 2013). However, no study reported detailed character-
istics of the observers, such as experience. This impedes attempts
to pinpoint the reasons for such a tendency and potential targets for
interventions.

4.3.2 | Recording omission

Thirty-two studies were identified that reported frequencies for
the omission of RRs from patient charts or electronic records.
Two of the studies were large-scale audits (Table 6 & Table S5).
Ramgopal et al. (2018) assessed vital sign data recorded during pa-
tient transit by Emergency Medical Services staff from 20 different
agencies over a 9-month period and reported an omission rate of
only 1.85% for RR among 346,863 records. In an even larger study,
Pedersen et al. (2018) audited the electronic records of ward-based
inpatients at 11 hospitals and reported an omission rate of 4.39%

among 2.84 million records made over a 12-month period.
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Pedersen et al. (2018)3° 4 +
Granholm et al. (2016)2° 4
Mukkamala et al. (2008)2b
Semler et al. (2013)2b -
Badawy et al. (2017)2° 4
Bianchi et al. (2013)°¢ -
Cooper et al. (2013)®° -
Keene et al. (2017)ad 4
Predicted proportion -

Prediction interval - |

46.52 [46.46, 46.57]
N = 2710946

61.94 [56.26, 67.46]
N =289

68.74 [64.45, 72.87]
N =467

71.75[66.98, 76.28]
N = 361

75.00 [74.82, 75.18]
N = 220665

75.39 [69.02, 81.26]
N =191

82.76 [79.18, 86.07]
N =464

85.08 [79.49, 89.93]
N = 181

71.47 [63.21, 79.07]

[46.21, 91.09]

0% 25% 50%

75% 100%

Combined percentage of two most common values [95% Cl]

FIGURE 2 Over-represented respiratory rate values: Forest plot of combined frequencies for the two most commonly-recorded values in
each study (For each study, superscripts represent the two relevant values: a = 20, b = 18, ¢ = 16, d = 15 breaths/min.)

However, the 13 studies that reported smaller-scale general au-
dits of hospital inpatients’ vital sign documentation yielded omission
rates ranging from 9.4-100% (excluding rates obtained after inter-
ventions; Table 6 and Table S5). Among these, five studies employed
12, 24, or 48 hr audit periods (Cretikos et al., 2007; Hall et al., 2003;
McBride et al., 2005; Odell et al., 2007; Van Leuvan & Mitchell, 2008),
four used longer audit periods of at least 1 week (Cahill et al., 2011;
Edwards & Murdin, 2001; Helliwell et al., 2002; McGain et al., 2008),
and three examined the entirety of patients’ stays in the ward (Rosen
et al., 2015; Smith & Oakey, 2006) or the emergency department
(Parkes, 2011). In addition, a single point prevalence study examined
RR omissions during night-time shifts compared with daytime shifts
across 41 intensive care units but found no significant diurnal varia-
tion (Sundararajan et al., 2016). Of the 14 studies that reported hospi-
tal-based general audits, the 12 that reported both the total number
of possible recordings and the number of omissions (i.e. all except
McGain et al., 2008 and McBride et al., 2005) were included in a me-
ta-analysis of proportions, using the same method as previously. The
predicted proportion of omissions based on this meta-analysis was
58.1% [95% Cl: 41.0%, 74.2%; 95% Prediction Interval: 1.9%, 100%,
7% =0.129] (Figure 3a).

Nine studies examined recordings made in the time leading up to
particular patient events, yielding omission rates ranging from 17.3-
99.1% (again excluding those obtained after interventions; Table 7 &
Table Sé). These included adverse events in general (Chen et al., 2009;

Cretikos et al., 2007; MERIT study investigators, 2005), cardiac and/or
respiratory arrest (Hodgetts et al., 2002; Kenward et al., 2001; Nurmi
et al., 2005), admission of inpatients to the intensive care unit (Goldhill
etal.,1999; Jonssonetal.,2011), or clinical concern about potential dete-
rioration requiring overnight medical review (Gordon & Beckett, 2011).
With the exception of one study that only reported omissions made in
the 15 min immediately preceding an event (MERIT study investiga-
tors, 2005), most investigated the shift or 24-hr period preceding an
event (sometimes excluding the final 15 min). A meta-analysis was also
conducted on the proportion of omissions reported in these studies.
The meta-analysis yielded a predicted proportion of 47.8% [95% Cl:
26.8%, 69.2%: Prediction Interval: 0%, 99.5%, 72 = 0.122] (Figure 3b).
Notably, a further study that focussed on the emergency department
treatment of asthma attacks found a substantial omission rate of 72.9%
at the severity evaluation stage (Linares et al., 2006).

Eight additional studies investigated the frequency of missing
RRs from observations taken during triage or hospital admission
(Bergrath et al., 2011; Considine et al., 2006; Cooper et al., 2013;
Crandon et al., 2008; Gerdtz et al., 2013; O'Reilly et al., 2012),
or immediately after admission (Armstrong et al., 2008; Keene
et al., 2017). Omission rates ranged from 0.8%-81.5% (excluding
any postintervention rates; Table 8 and Table S7). Data from these
studies were included in a third meta-analysis of proportions, which
yielded a predicted proportion of omissions of 21.6% [95% Cl: 6.2%,
42.7%; Prediction Interval: 0.0%, 84.7%; 7> = 0.108] (see Figure 3c).
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(a)
Pedersen et al. (2018) 1 ¥ 4.39 [4.36, 4.41]
N = 2835331
Rosen et al. (2015) (2) 1 =] 9.36 [5'7% 1_3'2709:;
Rosen et al. (2015) (4) = 20.28 [16.25, 24.63]
N =355
Cretikos et al. (2007) (1) 1 - 23.65 [20-10N2754213
. | 26.26 [24.87, 27.69]
Smith & Oakey (2006) I=| N = 3739
Edwards & Murdin (2002) 4 [—— 41.97[36.1 8,114_7'28772
. ] 52.21 [50.27, 54.14]
Cahill et al. (2011) (1) g N = 2557
Helliwell et al. (2002) | 59.03 [56'5,\717_6] 544751
Sundararajan et al. (2016) (1) = 65.00 [60'67’(‘6_9;12813
Sundararajan et al. (2016) (2) 1 = 65.77 [62'14’(]6_9637221
71.04 [67.33, 74.63]
Parkes (2011) 4
(2011) L N = 594
Rosen et al. (2015) (1) 1 =] 74.19[70.76, 77.49]
N =651
Van Leuvan & Mitchell (2008) - [ 76.07[71 -87,;‘8_0;10222]
Hall et al. (2003) (1) ] - 82.00 [76.35, 87.04]
N =200
Odell et al. (2007) (1) = 90.20 [86.53, 93.35]
N =296
97.38 [95.06, 99.01]
Il et al. (2007) (4) 4
Odell et al. (2007) (4) F= N = 267
Odell et al. (2007) (2) 4 ¥ 100.00 [99.10, 100.00]
_______________________________ N=191 o im o i
Predicted proportion 1 —e— 58.08 [41.02, 74.21]
Prediction interval - I | [1.90, 100.00]
0% 25% 50% 75% 100%

Percentage of recordings omitted in audit period [95% ClI]

FIGURE 3 Recording omission: Forest plots of the percentage of respiratory rate measurements omitted from recorded vital sign
observations: (a) in hospital-based general audits of inpatient vital sign documentation; (b) prior to inpatient adverse events or clinical
deterioration; and (c) during triage or admission to hospital, or immediately after admission (all plots exclude rates obtained after
interventions; bracketed numbers correspond to numbering in Tables 6-8 for studies that reported multiple datasets)

5 | DISCUSSION

This systematic review identified five distinct potential sources of
inaccuracy in adult patients’ manually measured RR data. Three of
these—observation method, inter-/intra-observer variability, and the
awareness effect—relate to the way RR observations are conducted.
The two remaining sources—value bias and recording omission—relate
to the documentation of RR data.

Of all five sources of inaccuracy, the awareness effect yielded the
clearest and most consistent results. All relevant studies found mean
reductions in RR when participants’ attention was drawn to their
respiration or they were explicitly made aware that it was being ob-
served (Table 4). Similarly, regarding observation method, there was
clear evidence that shorter counts (e.g. 15 or 30 s vs. 60 s) led to sys-

tematic mean underscoring of RR and that this may be particularly

problematic for patients with severely abnormal RRs (Table 2). In ad-
dition, the limits of agreement between usual care observations and
criterion standard measurements were often wide, indicating that
individual usual care observations could be subject to substantial
measurement error in either direction, which generally tended to be
more pronounced for higher known criterion values. Likewise, the
limits of agreement for inter- and intra-observer variability indicated
that individual RR measurements can vary substantially in either di-
rection between observations, although the mean differences were
small or negligible (Table 3).

The results from studies of over-represented RR values con-
ducted in a range of countries suggested that value bias is a wide-
spread problem. The actual values that appeared to be biased
varied between study locations (with 20 and 18 breaths/min

being the most common). However, evidence from studies with
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(b)
Cretikos et al. (2007) (2) 4

Goldhill et al. (1999) 4

Chen et al. (2009) (8) 4

Chen et al. (2009) (6)

Gordon & Beckett (2011) -

Chen et al. (2009) (5) 1

Kenward et al. (2001) (1) 1

Hodgetts et al. (2002) 4

Jonsson et al. (2011) 1

Nurmi et al. (2005) 1

Predicted proportion {

Prediction interval 1

17.33[13.97, 20.98]
N = 450

18.96 [16.49, 21.56]
N = 923

20.98 [18.63, 23.44]
N =1101

21.96 [18.29, 25.86]
N = 460

26.92 [20.23, 34.18]
N =156

28.05 [23.92, 32.37]
N = 435

72.73 [64.78, 80.02]
N =132

73.08 [62.63, 82.40]
N=78

86.15 [76.56, 93.63]
N =65

99.09 [96.14, 100.00]
N =110

47.76 [26.77, 69.17]

]
| [0.01, 99.47]

(©

Crandon et al. (2008) (2) 4

Cooper et al. (2013) 4

Keene et al. (2017) 4

Considine et al. (2006) (1) 4

Armstrong et al. (2008) (1)

O'Reilly et al. (2012) 4

Bergrath et al. (2011) A

Gerdtz et al. (2013) (1) A

Predicted proportion o

Prediction interval 4

FIGURE 3 (Continued)

25% 50% 75% 100%
Percentage of recordings omitted in period preceding patient event [95% ClI]

0.82[0.00, 3.49]
N =122

2.07 [0.96, 3.55]
N =484

12.15[7.76, 17.35]
N =181

12.821[6.19, 21.27]
N=78

13.95[10.67, 17.59]
N =387

22.21[20.44, 24.03]
N = 2062

59.70 [58.12, 61.26]
N = 3744

81.50 [80.44, 82.54]

21.55 [6.21, 42.74]

[0.00, 84.72]

25% 50% 75% 100%
Percentage of recordings omitted during admission [95% Cl]
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(Continued)

TABLE 8

Track-and-trigger system/
chart type/ intervention

timepoint®

Study

Omission rate Quality

Number of
omissions

Total possible
recordings

Observers (N,
age, M/F)

Authors (Year)
Country

Period of recording

Patients (N, age, M/F)

18.1% 83%

458

2,062

Admission

Unspecified systems

Major trauma patients (2,520, NR, NR)

Hospital staff

O'Reilly

(NR, NR, NR)

etal. (2012)
Australia

Abbreviation: NR, not reported.

?For studies that provide separate data on multiple systems/charts, subgroups or timepoints, the bracketed numbers in this column can be used to cross-reference Figure 3c.

criterion-measured comparison data consistently found that over
half of all recorded RR values were potentially the product of bias
and all studies showed that the two most common values appeared
to be suspiciously prevalent (Table 5 and Figure 2). Finally, wide-
spread evidence of recording omission was also revealed (Table 6).
Meta-analyses showed that omission rates tended to be substan-
tially higher among hospital-based general audits of inpatient ob-
servations (58.1%) and patient records completed prior to inpatient
adverse events or clinical deterioration (47.8%), compared with
data collected during triage, admission to hospital, or immediately
after admission (21.6%; Figure 3). In comparison with value bias,
however, there was also substantially more variation between
study sites.

In interpreting the findings of this review, it is worth noting that
some of the identified sources of inaccuracy could potentially have
cumulative effects on individual RR observations. For example,
if a 15-s count is conducted on a patient who is aware that their
respiration is being observed, then the combination of an artefac-
tual reduction in their actual RR due to the awareness effect and
underscoring due to the observation method could potentially create
a substantially misleading impression of the patient's clinical condi-
tion (Hill et al., 2018). This issue could also be exacerbated by inter-
or intra-observer variability. Furthermore, the prevalence of value
bias may call into question the trustworthiness of all recorded RR
data at affected sites, while recording omission has a further impact
on the utility of RR as a clinical indicator. Consequently, hospitals
that rely on the manual measurement of RR may need to address all
of these issues to maximize the clinical utility of RR data, including
its use in the context of track-and-trigger scoring systems designed

to facilitate the early recognition of deteriorating patients.

5.1 | Implications for nurses

In terms of nursing practice, the results of this review emphasize
the value of conducting 60-s counts whenever it is practicable
to do so and of ensuring that patients are unaware that their RR
is being measured. They also highlight that recording omission is
a widespread and important problem, and the need to count RR
rather than simply estimating it. Hence, it is vital that nursing edu-
cation addresses all of these points, as well as instilling an appro-
priate counting technique to minimize unwanted variability in RR
data. Nevertheless, despite being necessary, training alone may not
be sufficient to eliminate the measurement issues identified in this

review if their underlying causes are not considered and addressed.

5.2 | Underlying causes

In health care, administrators and educators often assume that
safety or compliance issues can be remedied through training in-
terventions designed to change the behaviour of clinical staff;

however, in reality, such efforts are unlikely to lead to sustained
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improvements unless other elements of the surrounding system
are optimized first (Russ et al., 2013). Hence, knowledge of the
underlying mechanisms for the sources of inaccuracy identified
in this review may allow for better targeted and more effective
interventions.

A particular challenge in determining the underlying causes of
these issues is the marked lack of reported information about the
individuals whose observations were studied (e.g. nurses). Authors
typically reported sufficient information on patient participants
(when applicable), yet this was rarely the case for observers, even
when observation method or inter-/intra-observer variability was the
main focus of the study. While there may be pragmatic obstacles
to its inclusion, particularly for large-scale chart-review studies, de-
tailed observer information would be a useful addition to future pri-
mary research publications on these topics.

There is some suggestion in the literature that many instances
of value bias may reflect estimates—rather than measurements—of
RR (Badawy et al., 2017; Keene et al., 2017; Semler et al., 2013).
Similarly, some instances of recording omission may also represent
failure to measure RR in the first place. Recent studies have pointed
to a range of potential underlying causes for the general neglect of
RR measurement in hospital care (Ansell et al., 2014; Elliott, 2016;
Hogan, 2006). These include: perceived or actual lack of time; lack
of knowledge and training; lack of automated measurement; and the
perceived unimportance of RR (despite actually being a strong pre-
dictor of clinical deterioration; Churpek et al., 2016). Similarly, time
constraints may cause clinicians who do conduct formal RR counts
to favour shorter count durations (e.g. 15 s). This may cause RR to be
underestimated, as demonstrated in the present review. In addition,
neglect of vital sign monitoring more generally has been found to
be influenced by shift length, with longer shifts leading to less fre-
quent monitoring (Dall’Ora et al., 2019) and therefore more record-
ing omissions. Clearly, some of these causes are rooted in systemic
and cultural factors and consequently cannot be remedied through

training alone.

5.3 | Potential solutions to improve the accuracy of
respiratory rate data

A range of options are available to hospitals seeking to improve the
accuracy of their RR data. In this section, we discuss these in light
of our results. However, it is important to appreciate that there is
no ‘one size fits all’ solution. Rather, the best solution—or combina-
tion of solutions—for a particular site will depend on the organiza-
tional and cultural context, the available resources, and the extent to
which particular measurement issues prevail locally. For example, it
is clear from the review that, although recording omission is a serious
and widespread problem and it is generally more prevalent in inpa-
tient wards, some individual ward sites have very low omission rates
(and vice versa for emergency departments). It is also important to
consider any unintended consequences for patient care of any pro-

posed intervention or change.

5.3.1 | Automated measurement

For sites with substantial and pervasive issues around the manual
measurement or documentation of RR, one potential option that ad-
dresses many of the possible underlying causes outlined above is to
transition to a fully automated measurement method. In theory, the
right technology could eliminate all sources of error discussed in this
review (provided it is also interoperable with an electronic record sys-
tem). Even the awareness effect could potentially be avoided if it is not
readily apparent when measurements are occurring, or if continuous
monitoring allows the patient to habituate to measurement.
Unfortunately, current mainstream methods for automated RR
measurement (i.e. spirometry, capnometry, and impedance pneumog-
raphy) are not practical for the mass routine monitoring of inpatients
due to a range of factors, such as patient discomfort (e.g. capnome-
try), interference to natural breathing (e.g. spirometry), and resource
intensiveness (all methods; Liu et al., 2019). However, RR measure-
ment is ripe for digital disruption and over a dozen alternative techno-
logical methods have already been proposed (for a recent review, see
Liu et al., 2019). Several of these can potentially be incorporated into
clothing or other body-worn devices and some do not even require
physical contact with the patient (Liu et al., 2019). Although many of
these technologies are in the early stages of development and only
a couple can be implemented at relatively low cost (Liu et al., 2019),
progress to date suggests that unobtrusive automated monitoring of
all ward patients’ RRs will be a viable option for some sites in the
relatively near future. As well as directly addressing the RR measure-
ment issues outlined in this review, such technologies may also have
additional indirect benefits if they alleviate some of the time pressure
experienced by nursing staff in busy hospital environments, freeing
up more time for high-quality nurse-patient interactions. These inter-
actions, in turn, may lead to the identification of additional care needs
(Cardona-Morrell et al., 2016), improved recovery times (Castillo &
Sanchez-Sosa, 2002), and greater patient satisfaction (Evans, 2016).
However, even when such technologies become widely avail-
able, they will not necessarily be a panacea for sites where mon-
itoring is currently suboptimal. First, although these devices may
be affordable for some hospitals, they are likely to be prohibitively
expensive for many, particularly in the developing world. Second,
there may be a risk that nurse-patient contact actually decreases
if none of the patients’ vital signs need to be measured manually
and time pressures continue to increase. Finally, there is a risk of
deskilling if clinicians are no longer well-practiced at manual mea-
surement. This could potentially place deteriorating patients at ele-
vated risk if and when technologies fail. For example, some clinical
information systems have proven vulnerable to prolonged network
failures (Berinato, 2003; Flinders, 2015) or ransomware attacks
(Collier, 2017). Indeed, the catastrophic failure of most or all com-
puters, mobile phones, and other sensitive electronic equipment—as
well as sustained power outages—are very real possibilities if a solar
superstorm on the scale of the 1859 Carrington Event were to strike
the modern world (Jonas, 2015). As unlikely as this may sound to

some readers, the current (at time of writing) COVID-19 pandemic
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illustrates the need for health systems to be resilient to low-prob-
ability, high-impact events such as this. Hence, technological solu-
tions do not eliminate the need for clinicians to acquire and maintain

skills in the manual measurement of vital signs, including RR.

5.3.2 | Measurement aids

Various devices have also been developed to aid, rather than re-
place, the manual measurement of RR. Some are relatively low-
technology devices, such as the World Health Organization's ARI
Timer and ARl Timer MK2 (Gan et al., 2015; WHO &WHO, 1992,
1993). These devices are simple timers that indicate when 60 s
have elapsed. The target users are primarily community health-
care workers in developing countries, and there has not been
widespread adoption in hospitals. More recently, however, more
sophisticated mobile phone applications have been developed.
Most of these use the ‘one-press-per-breath’ (OPB) concept, where
an observer presses a button on the phone each time the patient
takes a breath. The application, rather than the observer, keeps
track of the breath count. Notably, some of these applications,
such as RRate (Karlen et al., 2015), do not require an entire 60-s
count. Instead, the RR is derived from the average amount of time
between breaths (Karlen et al., 2015). There is evidence that this
method can potentially allow for adequately accurate RR measure-
ment in a fraction of the 60 s recommended for manual measure-
ment (Gan et al., 2015). Further, in a study by Black et al. (2015),
four mobile phone applications were compared: three that em-
ployed OPB (of various lengths or number of breaths) and a simple
60-s timer. A 20-breath OPB and a 60-s OPB produced the most
accurate measurements and both out-performed the 60-s timer.
Because mobile applications can be used on existing Android
or iOS personal devices, there is a smaller barrier to adoption than
with special devices like the ARI Timer, at least in the developed
world. Importantly, the benefit of accurate measurement in shorter
counting periods may also overcome one of Elliot's (2016) reported
reasons for the neglect of RR, namely lack of time. Hence, the use
of such applications may reduce the prevalence of recording omis-
sions and value bias, as well as reducing inter- and intra-observer vari-
ability. Nevertheless, the awareness effect remains a potential issue.
Compared with taking a simple count unobtrusively in one's head,
tapping each time the patient breathes may actually draw more at-
tention to the fact that RR is being assessed. Hence, future research
should investigate whether the use of OPB applications increases
the awareness effect. As with fully automated systems, the potential
for technological failures also means that manual measurement skills

cannot be replaced entirely.

5.3.3 | Track-and-trigger systems

The introduction of paper-based or electronic track-and-trigger

systems may also have an impact on the measurement of RR. For

example, as well as providing baseline data on recording omission
rates, three studies included in this review also investigated whether
introducing a track-and-trigger system would reduce them (Cahill
et al., 2011; McBride et al., 2005; Odell et al., 2007; Table 6). In all
three studies, the frequency of missing RR values was shown to de-
crease, falling by up to 78% (Odell et al., 2007). Furthermore, in a
simulation study by Ludikhuize et al. (2011), hospital nurses were
more likely to seek out the RRs of mock patients if they had prior
experience using a track-and-trigger system in their ward. This may
indicate that the importance of RR as a clinical indicator is better
understood when observers have been exposed to track-and-trigger
systems. However, in each of these studies, it is unclear to what ex-
tent the results were attributable to the track-and-trigger system
itself, or to the training that accompanied its introduction.

Although a track-and-trigger system (especially an electronic sys-
tem) may provide a forcing function for the recording of vital signs
(Hogan et al., 2019), including RR—thus potentially reducing record-
ing omissions—there is no guarantee that any manually measured RR
values documented therein are accurate. Unfortunately, none of the
studies of recording omission discussed above assessed the accuracy
of the values that were recorded against criterion-measured data.
However, the general point is illustrated by Cooper et als (2013)
study, which yielded one of the lowest omission rates (2.1%) but also
one of the highest combined percentages for the two most common
commonly recorded values (82.76%). If nursing staff are time-poor,
an unintended consequence of using a track-and-trigger system may
be that there is a perverse incentive to estimate RR, resulting in an
increased incidence of value bias. This may potentially undermine
the track-and-trigger system itself by causing RR to be scored incor-
rectly (Badawy et al., 2017).

5.3.4 | Other clinical workplace changes

A further five of the studies that provided baseline recording omission
data also investigated the impact of alternative interventions involv-
ing changes to clinical work systems (Chen et al., 2009; Considine
et al., 2006; Gerdtz et al., 2013; Kenward et al., 2001; Rosen
et al., 2015; Table 6). However, none investigated whether reduced
omission rates were accompanied by a concomitant decrease in ac-
curacy or an increase in the prevalence of value bias.

Two of these studies examined the impact of introducing a
Medical Emergency Team (MET), yielding mixed results for recording
omissions. The study by Chen et al. (2009) produced weak evidence
of slightly lower omission rates at sites where a MET had been intro-
duced. In contrast, Kenward et al. (2001) found a substantial reduc-
tion in recording omissions after the introduction of a MET; however,
they attributed it primarily to the accompanying education around
the early detection of clinical deterioration.

One study investigated the effect of redesigning an electronic
triage interface to better align with the clinical decision-making
process and to make data entry less effortful (Gerdtz et al., 2013).

Documentation of RR more than doubled following the interface
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change and further increased after triage education sessions were
conducted that emphasized the importance of vital signs for recog-
nizing ill health and deterioration at triage. Another study investigated
the effect of an intervention comprising the introduction of written
nursing practice standards for the initial assessment of emergency
department patients with supporting education, but found an un-
explained increase in RR recording omissions (Considine et al., 2006).
Finally, one study employed a Failure Mode and Effects Analysis pro-
cess, where the researchers worked with frontline staff to: (a) identify
current and potential risks to the completion of vital sign monitoring
and documentation in their workplace; (b) articulate the potential ef-
fects of these risks; and (c) identify potential solutions appropriate to
that specific site (Rosen et al., 2015). The proposed solutions were
then presented to the facility's leadership, and RR recording omissions

decreased significantly in the following 2 months.

5.3.5 | Training interventions

Presently, sources such as nursing textbooks provide conflicting advice
about the duration of manual RR counts (Hill et al., 2018). However, it
is clear from the observation method results that 60-s counts should
be preferred. Nevertheless, enshrining this advice in clinical training
will not ensure that it is adhered to if issues such as time pressure and
interruptions make it impractical to do so, in which case a technology-
based solution may be preferable. Similarly, in the context of manual
measurement, inter- and intra-observer variability can be addressed via
training in the appropriate protocols, but it may not always be possible
to enact these protocols consistently given competing pressures. Of
all five sources of inaccuracy, the awareness effect is probably the most
amenable to a training-based solution. Indeed, nursing texts are rela-
tively consistent in advising that patients should not be made aware
that their RR is being measured (Hill et al., 2018).

It is also clear from some of the studies discussed above that
education may provide a useful adjunct to interventions that involve
improvements to clinical work systems, such as those aimed at re-
ducing recording omissions. In particular, there was some evidence
that there is value in training staff not just in protocols for the ac-
curate measurement of vital signs, but also their central importance
to the detection of clinical deterioration (e.g. Gerdtz et al., 2013;
Kenward et al., 2001). Similarly, another of the included studies
showed that education provided by critical care outreach teams re-
duced the incidence of recording omissions on wards already using a
track-and-trigger scoring system (Hall et al., 2003; Table 6). Finally,
a further potentially fruitful use of training is for familiarizing staff
with new technologies (Russ et al., 2013), such as automated mea-

surement devices or measurement aids.

5.4 | Strengths and Limitations

This systematic review is the first to focus on identifying and quanti-

fying potential sources of inaccuracy in manually measured RR data.

The integrity of the review was ensured by adhering to the PRISMA
guidelines and the use of two reviewers. In addition, all included
papers were subjected to a standardized quality appraisal, the full
results of which have been included in the supplementary materials
for transparency. The identification of sources of inaccuracy is an
important first step towards improving measurement quality, with
the potential to inform interventions and further investigations.

Nevertheless, existing research on the topic of RR measurement
accuracy is notably sparse. While there were a total of 49 stud-
ies identified, 32 of these related to a single source of inaccuracy,
namely recording omission. The remaining sources of inaccuracy were
only investigated in two to nine studies each. Thus, the sources of in-
accuracy presented in this review should be taken primarily as a rep-
resentation of the available literature and not an exhaustive list of
potentially influential factors. In addition, it should be noted that all
studies of the awareness effect were conducted with healthy volun-
teers. Hence, it would be particularly valuable for future research to
replicate these findings with clinical populations to clarify the extent
to which they will generalize, given that inpatients are likely to have
more abnormal RR values and more irregular breathing patterns than
healthy participants.

6 | CONCLUSION

RR is an important clinical indicator, but this review has identified
five sources of inaccuracy related to its observation or documenta-
tion. When not subject to recording omission, manually measured RR
data may still be inaccurate due to value bias, the observation method
used, inter/intra-observer variability, or the awareness effect. In some
cases, a single RR measurement may even be affected by several of
these factors. Hence, clinicians should interpret recorded RR data
cautiously unless systems are in place to ensure its accuracy. For
nurses, this includes ensuring that patients are unaware that their
RR is being measured, counting rather than estimating RRs, employ-
ing 60-s counts whenever possible, and documenting the resulting
value. Future research should investigate the underlying causes of
the sources of inaccuracy identified in this review, other potential
sources that have not previously been investigated, and methods
to improve observation and documentation quality. For any given
site, the solutions employed should be tailored to take into account
the local organizational and cultural context, the available resources,
and the specific measurement issues that need to be addressed.
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