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Accuracy of Respiratory Rate Measurements in Triage
During Exercises of Mass Casualties

Huei-Tsair Chen, MD*; Aming Chor-MinLin, MD?;
Tzong-LuenWang, MD, PhD*3; Chi-Ren Hung, MD?

Abstract

Respiratory rateisone of the vital Signsand determinesthe priority of patient dispositionin any
settings of emergency such asdisastersor mass casualty incidents (M Cls). To assessthe accuracy
of measurementsof respiratory rateinfie dtriage(using Smplified Triageand Rapid Transportation,
START), we compared the triage measurements of respiratory rate and criterion standard mea-
surements of respiratory ratein consecutive subjectswho have been assumed to bethevictims of
MClsin 3related exercisesin 2004. After excluding those with missing measurements of respira-
tory rate, 96 subjectswereenrolled for compari son between criterion standard measurementsand
triagemeasurements. Variability for triagestaffs measurementsof respiratory ratewassgnificantly
lower than for criterion standard measurements of respiratory rate (SD 2.4 vs. 4.6; P<0.05). The
sengitivity and specificity of triage measurement of respiratory ratein detecting bradypneawere0%
and 100%. The sengitivity and specificity of triage measurement of respiratory ratein detecting
tachypneawas 54% and 93%, respectively. The correlation analysisshowed unsatisfactory agree-
ment between triage measurement of respiratory rate and criterion standard measurementsof res-
piratory rate (r>=0.64, 95% CI 0.49to 0.78). Because of dependency on the value of respiratory
rate, priority made by START can be easily changed. We thus emphasi ze that measurement of

respiratory ratein field triage should be performed according to criterion standard.(Ann Disaster
Med. 2005; 3:84-90)
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Introduction

Respiratory rateisan important parameter in
Simplified Triage and Rapid Transportation
(START) which hasbeen recognized asone of
the best methods of triagein mass casualty in-
cidents (MCls). Although pul se oximetry has
been accepted asan early claimant to thetitle

of “fifthvital Sgn’, itill cannot replacethemea:
surement of respiratory rate.:* Respiratory rate
istheonly vital sSgnmeasuredclinically instead
of electronicaly. Therdiability of respiratory
rate measurements are limited by several
factors. Becauseof itsroleindetermining diag-
nosisand ill severity, respiratory rateis essen-
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tid inprioritizing careafter triage. However, as
many studies showed,*’ there are always
inaccuracy, poor inter-observer agreement, and
low variability of routinemeasurementsof res-
piratory rate.

START isanessentid part of triageinthe
settings of disaster medicine. It isalso prac-
ticed in ailmost each exercise of MClsor di-
saster response. However, there arefew stud-
iesconcerningthevariability or accuracy of tri-
age measurements of respiratory raterelative
to criterion standard measurements. However,
low accuracy may indicatethat triage measure-
mentsof respiratory rate are unlikely to detect
clinicaly sgnificantbradycardiaortachycardia,
whereaslowvariabilityindicatesthat triagemes:
surementsof respiratory ratearemoreclustered
thanarecriterion standard measurementsof res-
piratory rate due to conscious or UNCONSCIoUS
result selection. We therein designed thefol-
lowing prospectivestudy to eval uate the accu-
racy of clinical measurementsof respiratory rate
intriagefor MCl exerciseswhichhasbeenheld
inauniversity-teachinghospital.

Methods
Study Protocol
Thisstudy used across-sectional designto as-
sessthe accuracy of two methods of measur-
ing respiratory rate and was approved by our
Ingtitutiona Review Board. Thisstudy wascon-
ducted at auniversity-teaching hospital withan
annual ED visits more than 80,000. Triageis
performedindependently of, andusudly before,
registration during exercisesof MCIs.
Consecutive patientspresenting tothetri-
ageareaduring designated periodsof MCI ex-
erciseswereenrolledinthestudy. Petientswho
were assumed to bein critical condition by-
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passed the triage area and were not enrolled.
Pediatric patients(<15years) wereenrolled but
were subsequently excluded from the data
andyss.

Asthe so-called patientsin the exercises
entered thetriage area, research assistants ap-
pliedstandardsingle-lead monitors(PhilipLtd.,
FL,USA). Duringthetriage stage, triage staffs
measured respiratory rate as part of standard
triage assessment. The staffswere not aware
that their measurementsof respiratory ratewere
being collected for the study. The staffswere
not ableto seethe electronic monitorsor elec-
tronicmeasurement of respiratory ratecollected
fromthem.

At the end of thetriage, research assis-
tantsimmediately performed auscultationfor 1
minute and observation for 1 minute to com-
plete criterion standard measurements of res-
piratory rate. Research assstantsweretrained
instandardized methodsfor collecting criterion
standard measurements of respiratory rate,
which they obtained by auscultation and then
observationfor 1 minute, respectively. Obser-
vation was performed as unobtrusively as
possible, during a quiet period when the pa-
tient were asked to sit quietly, relax, not talk,
and breathe normally. The stethoscope was
appliedinasinglelocation. If auscultation and
observation were obtained successfully, aus-
cultation was the measurement used for data
anaysis. Observation wasused for analysisin
cases where auscultation was not performed.
Researchass stantsa so collected demographic
data, presenting complaint, and time of
presentation.

Triagestaffs measurementsof respiratory
rate were obtained from the medical records
of thecolor-coded bills. Themeasurementsrate



registrisenting complaint, and time of
presentation.

Triagestaffs measurementsof respiratory
rate were obtained from the medical records
of the color-coded bills. The measurements
madeby criterion standard measurementswere
also recorded and compared with the triage
daffs data

Data analysis

Variability’s of triage staff measurementsand
criterion standard measurementsof respiratory
rate were estimated by calculating the SD of
each measure. The F test was used to test if
therewereany statistically difference between
these groups. The F test comparesvauesfor
variance (the square of SD). Measurements
weretreated asunpaired.

The sengitivity and specificity for triage
staffs measurements of respiratory rate and
criterion measurement of respiratory ratewere
calculated asfollows. Triage measurementsof
respiratory rate were cross-tabul ated against
criterion measurementsof respiratory rate. All
of these valueswere categorized aslow (<12
breaths/min), normal (12 to 20 breathg/min),
or high (>20 breaths/min). These valueswere
chosenascut-off val uesaccordingtocommonly
reported reference ranges.>#** Sengitivity and
specificity for detecting bradypneaand tachyp-
neawere calculated for triage measurements
of respiratory rate with 95% confidenceinter-
vas(Cls).

We a so performed correl ation analyses
comparing triage measurementsof respiratory
rate with criterion standard measurements of
respiratory rate. Theanalysisexaminestheex-
tent to which 2 methods of measurement of the
same phenomenon are comparabl e each other
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and also how thislevel of agreement varies
acrosstherangeof respiratory rate.? Datafrom
pediatric patientswere omitted from analysis
because of the differencein reference ranges
between adultsand children. Thisdecisonwas
made after compl etion of datacollection.

Microsoft Excel (Microsoft Co.,
Redmond, WA, USA) was used to produce
the Bland-Altman andysis. TheClsand the F
test were cal culated using the software SSPS
10.0.

Results
Ninety-six adult “ patients” who attended 3 dif-
ferent exercises of disaster responsein 2004
were enrolled in the study. Measurements of
respiratory rate were missed in some patients.
Missed triagemeasurementsof respiratory rate
occurred only when the triage staff left blank
the box for recording the respiratory rate on
thetriageform. Missed criterion standard mea-
surementsof respiratory rate occurred because
of theinabilitiesdueto ongoing exercise. Com-
parison between criterion standard measure-
mentsand triage measurementswere possible
for 72 subjects. Themean agewas 39+18years
and 31 of them were men.

Therange of respiratory rateswas 12 to
20 breaths per minutein triage group and was
10to 23 breaths per minutein criterion group.
Variability fortriagestaffs measurementsof res-
piratory ratewassgnificantly lower thanfor cri-
terionstandard measurementsof respiratory rate
(SD 2.4 vs. 4.6; P<0.05). For triage measure-
ments of respiratory rate, we determined sen-
Sitivity and specificity for detecting bradypnea
andtachypnearelativeto criterion standard 0%
and 100% (Table). The sensitivity and speci-
ficity of triage measurement of respiratory rate
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in detecting tachypneawas 54% and 93%, re- ment arewider than therange of normal respi-

Spectively (Table). ratory rate values. Systematic biaswas small
Thecorrelation analysisshowed unsatis- for triage measurementsof respiratory rate.
factory agreement betweentriagemeasurement Subgroup analysisyielded resultssimilar

of respiratory rate and criterion standard mea- tothosefor theoveral study but lackingin sta-
surementsof respiratory rate (r>=0.64, 95% Cl tistical significance. Variability waslow for tri-
0.4910 0.78) (Figure). These limits of agree- age measurementsof respiratory rate (SD 4.0)
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Figure. Scattered plots showing triage measurement of respiratory rate plottec
against criterion standard measurement of respiratory rate (r°=0.64)

Table. Cross tabulation of triage measurement of respiratory rate against criterion standard
measurement of respiratory rate.
CSM: criterion standard measurement; TM: triage measurement

Meastl)g::nment, TM <12bpm  TM 12-20 bpm TM >20 bpm Total
CSM <12 bpm 0 6 0 6
CSM 12-20 bpm 0 51 4 55
CSM > 20 bpm 0 5 6 11
Total 0 62 10 72
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versus standard measurements of respiratory
rate (SD 5.3; P=NS).

Discussion
Thisstudy demonstrated that therewashighin-
accuracy inthemeasurementsof respiratory rate
during triage of MCI exercises. It is compa-
rableto previousreport concerninginaccuracy,
poor inter-observer agreement and low vari-
ability of routine measurementsof respiratory
rate. 1>’
WhenfacingmultiplevictimsinaMCl or
alarge-scaed disagter, thefirst responderssuch
asemergency medical techniciansor members
of disaster medical assistanceteam should be
familiar withagoodtriagesystemtofulfill such
tasks. Theso-called START method hasgained
popularity inrecentyears. Thesystemtakesinto
account thecritica physiologic parameter such
astherespiratory status, the perfusion, and the
mental statusof the patientsand prioritizes pa-
tientsintofirst priority (RED), second priority
(YELLOW), third priority (GREEN), and ex-
pectant (BLACK).Our group ever demon-
strated that tabl etop exerciseshave severd ad-
vantagesover fidddoperationdrills. Usingtable-
top exercise can smulate the disaster or major
incidentsand evaluate critical knowledge and
skills. Thetrainingmode using START method
inatabletopexercisecouldsignificantlyimprove
thetriageability and reduceover-triageand un-
der-triagerate.®* Respiratory rateisoneof im-
portant parametersincluded in START. If res-
piratory rateisto beclinicaly useful, we must
havemeaningful referenceranges. Reportsfrom
asearly as 1849 have studied respiratory rate
ranges, yet such attempts have been beset by
certainintringcproblems. First, respiratory rate
is probably more subject to voluntary control
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than any other vital sign. When subjects are
awarethat respiratory rateisbeing measured,
therespiratory rateissufficiently invasiveor in-
trusivethat they further influence respiratory
rate.

Thenext isthat it isto be expected that
respiratory rateiscontext specific. Evenwhen
accounting for organicillness, sedated patients
inanintensive care setting would be expected
to have different ranges than clinic patients,
peoplelivingtheirdaily outs de-of-hospita lives,
peoplewho are deeping or crying, or patients
attendingatriage.

Even careful clinical measurement of res-
piratory rate, accepted asthecriterion standard,
has often been shown to have poor inter-ob-
server agreement. In practice, triage respira
tory rate measurement rarely meetsthe exact-
ing requirements for accurate measurement.
Someinvestigatorshavetherein suggested that
an alternative should be seeked. Respiratory
rateisout of sepwiththeother vita Sgns,which
aremeasuredelectronicaly. Therearemany de-
signed modalities**# such as capnography,
pneumotachography, acoustic monitoring by
nasal microphones, fiberoptic nasal sensors,
nasal thermistors, inductive plethysmography,
mask-mounted pyroel ectric polymer strips,
single- or multi-compartment air mattresses,
transderma fiberoptic photopl ethysmography,
andtransthoracicimpedancepl ethysmography.
However, inthefield of disastersor MCls, the
el ectronic devicesmay benot practical and not
availablealthough al of the above modalities
have been reported to correlate well with the
standard method. Criterion standard measure-
mentsof respiratory ratestill remaintheuseful
method to measureand triageinthe MCls.

Thedisciplineof disaster medicineplaces
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great emphasisuponthevalueof vital signsas
toolsfor prioritizing careandfor diagnosingand
managing illness. Respiratory rateisasvalu-
ableastheother vita signs, yet theaccuracy of
itsmeasurement lagsbehind. Thisproblemde-
servestheattention and theenergiesof disaster
rescuersand members. Becauseof dependency
onthevalue of respiratory rate, priority made
by START can be easily changed. We thus
emphasi zethat measurement of respiratory rate
infield triage should be performed according
to criterion standard.
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