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ABSTRACT

Triageis a fundamentaprocess fothe safeand efficiext management gbatientswhere health
caredemand exceed available emergency department (ED) resodice<anadian Triage and
Acuity Scale(CTAS) is the standard used in all Canadard many internation&Dsto aid in
safely determininghe priority by which patients should be asses3ét scale delineates 5 levels
of acuity:level 1 (resuscitation), level 2 (emergent), lev@li@ent), level 4 (less urgent) and level

5 (nonrurgent).

Many provincialgovernmentsuse CTAS as an administratie metric to estimate patient care
requirementscompare ED performance, aedtimate ED physiciastaffing needsDespite its
clinical and administrativemportance, the process by which CTAS scores are derived is highly
variable eCTAS is a realtime electronic decisiorsupport tool designed to standardize the

applicationCTAS guidelines

This dissertatiorincludes three scientific papers that desctie evaluation othe provincial
implementation oECTAS in hospital EDs across Ontarihis thesisifst describes the results

from a prospective, observational study of nearly 1,500 triage encounters from sevens EDs that
found that a standardized, electronic approach to performing triage assessments improves both
interrater agreemerdand data accuracyocmpar ed t o each hospital ds

without substantially increasing triage time.
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We then present our findings from a study explothmgconsistencyf CTAS score distributions
across35 hospital EDspre and poseCTAS implementatiorfor 16 highvolume presenting
complaints, and describe the association between use of eCTAS clinical modifiers and triage
consistency. We found that compared to the previous triage pra&e€s$sS increasedriage
consistencyacross many, but not all, higlolume presenting complaints. Modifier use was
associated witincreasedriageconsistencyparticularly for norspecific complaints such as fever

and general weakness.

The third paper includes data from 3bA6triage encounters from 31 EDs and describesamge

in the distribution oftriage scores(from higher to lower acuity) that is likely due to eCTAS
implementation. It also explores the possible impact of eCTAS implementation on the ED metrics
of hospital @mission, left without being seen, and time from triage to physician initial assessment,
finding low quality evidence of minimal if any impact of eCTAS on these outcomes. Finally, this

thesis concludes with suggestions for future research in this area.
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CHAPTER 1: INTRODUCTION OF THE THESIS

Triageis a fundamentaprocess fothe safeand efficientmanagement gbatientswhere health
caredemand exceed availablemergency department (ED) resourcdse EDevaluation begins
at arrival, when patients undergo tridge ED personnel and are assignegriarity scorebased
on perceived clinical urgencyhe Canadian Triage and Acuity ScEBTAS)is the standard used
in all Canadiarand many internationdDs to aid in safely determininthe priority by which
patients should be assessdd7> The intent is tadentify patients with critical and timgensitive
conditions who should beeenexpeditiously to initiate care thegsults in optimamorbidity and

mortality outcomes.

The scale delineates 5 levels of acuyel 1 (resuscitation), level 2 (emergent), levéligent),
level 4 (less urgent) and level 5 (rargent)<8-11> CTAS issimilar to otheistandardized triage
algorithmsincluding theAustralasian Triag&cale 42> and thevlanchester Triage Scale <13>,
which categorizepatients basedrmothe time they may safely waltut differs from othertriage
algorithns such as the Emergcy Severity Index <14xvhich alsoincorporats the anticipated
number of resourcehat may be requiredTAS andthe MTS also differ from the otheriage

algorithmsby including standardized presenting complaint ksitS:16>

Many provincialgovernnentsalsouseCTAS asan administrative metric to estimate patient care
requirementscompare ED performance, aratimate ED physiciastaffing needs17-20>
However, despite itslinical and administrativémportance, the process by which CTAS scores

arederived is highly variable4,5,2224> According toa 2010report fromthe Ontario Auditor

General 38% of OntarioED patientswe r e  luredertniaggedn, and there was
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place to validate submitted triage scores, resulting in a latkmgparency and accountability for
ED funding<25> Although the original CTAS training document is comprehensive, traditional
application of the CTAS guidelines has been based on memory and experieB6&5]the
Ontario government agreed to fund theve®pment and implementation of standardized,

electronic solution to reduce triage variability across the prowaée.

HEALTH AND
LONG-TERM CARE

* 2010 Ontario

Auditor
General
report

* 38% of

patients were

* 2015: MoHLTC

engaged
Access to Care

to develop
and

implement

* Real time

decision
support

* Score based on

CEDIS
complaint, 1t &

under-triaged eCTAS 2nd order
modifiers

Figure 1.Flow of eCTAS development.

eCTAS is a reatime electronic decisiesupport tool, designed to standardize the applicatfon
national triage guidelines26-27>The eCTAS system wdmased on the concept of taERIAGE
algorithmreportedoy Donget al., which uses a webased platform to display a list of presenting
complaints with corresponding criteria and definitions tasadbe user in assigning a triage
score.<2830> In order to ensure an intuitive, udeiendly designeCTASwas further informed

by a comprehensive needs assessment and environmental scan, including 24 hospital gite visits
teaching, community, and @IrEDs, and consultation with over 100 clinical and technical experts

from across the province.
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The application requires the user to select a presenting complaint from a standardizelbist of
complaintgTable 1)and then displays a CTASased template with complaispecific modifiers

(e.g, vital signs, respiratory distress, hemodynamic status, level of consciousness, pain score,
bleeding disorder, and mechanism of injuyhelp ensure highsk time-sensitiveconditions are

not missedTable 2) Thisassiss the user in assigning the appropriate CTAS score in real time.

Table 1 The Canadian Emergency Department Information System (CEDIS) presenting
complaint list (V2.0).

Canadian Emergency Department Information System (CEDIS)

Presenting Complaint List (V2.0)

Effective Date: April 2012

Cardiovascular (001-050) # |Environmental (201-250) # |Genitourinary (301-350) cont’d #
Cardiac arrest (non-traumatic) 001 |Frostbite/cold injury 201 |Polyuria 309
Cardiac arrest (traumatic) 002 |Noxious inhalation 202 |Genital trauma 310
Chest pain—cardiac features 003 |Electrical injury 203 |Mental Health (351-400) #
Chest pain—non-cardiac features 004 [Chemical exposure 204 |Depression/suicidal/deliberate self-harm 351
Palpitations/irregular heart beat 005 |Hypothermia 205 |Anxiety/situational crisis 352
Hypertension 006 |Near drowning 206 |Hallucinations/delusions 353
General weakness 007 |Gastrointestinal (251-300) # |Insomnia 354
Syncope/pre-syncope 008 [Abdominal pain 251 |Violent/homicidal behaviour 355
Edema, generalized 009 |Anorexia 252 |Social problem 356
Bilateral leg swelling/edema 010 |Constipation 253 [Bizarre behaviour 358
Cool pulseless limb 011 |Diarrhea 254 |Concern for patient’s welfare 359
Unilateral reddened hot limb 012 |Foreign body in rectum 255 |Pediatric disruptive behaviour 360
ENT—Ears (051-100) # |Groin pain/mass 256 [Neurologic (401-450) #
Earache 051 |Nausea and/or vomiting 257 |Altered level of consciousness 401
Foreign body, ear 052 |Rectal/perineal pain 258 [Confusion 402
Loss of hearing 053 |Vomiting blood 259 |Vertigo 403
Tinnitus 054 |Blood in stool/melena 260 |Headache 404
Discharge, ear 055 |Jaundice 261 [Seizure 405
Ear injury 056 [Hiccoughs 262 |Gait disturbance/ataxia 406
ENT—Mouth, Throat, Neck (101-150)| # |Abdominal mass/distention 263 |Head injury 407
Dental/gum problem 101 |Anal/rectal trauma 264 |Tremor 408
Facial trauma 102 |Oral/esophageal foreign body 265 |Extremity weakness/symptoms of CVA 409
Sore throat 103 |Feeding difficulties in newborn 266 |Sensory loss/paresthesia 410
Neck swelling/pain 104 |Neonatal jaundice 267 |Floppy child 411
Neck trauma 105 |Genitourinary (301-350) # |OB/GYN (451-500) #
Difficulty swallowing/dysphagia 106 |Flank pain 301 [Menstrual problems 451
Facial pain (non-traumatic/non-dental) | 107 [Hematuria 302 [Foreign body, vagina 452
ENT—Nose (151-200) # |Genital discharge/lesion 303 |Vaginal discharge 453
Epistaxis 151 |Penile swelling 304 [Sexual assault 454
Nasal congestion/hay fever 152 |Scrotal pain and/or swelling 305 [Vaginal bleed 455
Foreign body, nose 153 |Urinary retention 306 |Labial swelling 456
URTI complaints 154 |UTI complaints 307 |Pregnancy issues, <20 weeks 457
Nasal trauma 155 |Oliguria 308 |Pregnancy issues, >20 weeks 458




Canadian Emergency Department Information System (CEDIS)

Presenting Complaint List (V2.0) (cont’d)
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Effective Date: April 2012

OB/GYN (451-500) cont’d # |Skin (701-750) # |General and Minor (851-900) cont’d #
Vaginal pain/dyspareunia 460 |Bite 701 |Direct referral for consultation 855
Ophthalmology (501-550) # |Sting 702 |Dressing change 856
Chemical exposure, eye 502 |Abrasion 703 |Removal staples/sutures 857
Foreign body, eye 503 |Laceration/puncture 704 |Cast check 858
Visual disturbance 504 |Burn 705 |Imaging tests 859
Eye pain 505 |Blood and body fluid exposure 706 |Medical device problem 860
Red eye, discharge 506 |Pruritus 707 |Prescription/medication request 861
Photophobia 507 |Rash 708 |Ring removal 862
Diplopia 508 |Localized swelling/redness 709 |Abnormal lab values 863
Periorbital swelling 509 (Wound check 710 |Pallor/anemia 864
Eye trauma 510 |Other skin conditions 711 |Post-operative complications 865
Re-check eye 511 |Lumps, bumps, calluses 712 |Minor complaints NOS 866
Orthopedic (551-600) # |Redness/tenderness, breast 713 |Inconsolable crying 867
Back pain 551 |Rule out infestation 714 |Congenital problem in children 868
Traumatic back/spine injury 552 |Cyanosis 715 [Newly Born 869
Amputation 553 | Spontaneous bruising 716 |Unknown 999
Upper extremity pain 554 |Foreign body, skin 717

Lower extremity pain 555 |Substance Misuse (751-800) #

Upper extremity injury 556 | Substance misuse/intoxication 751

Lower extremity injury 557 |Overdose ingestion 752

Joint(s) swelling 558 |Substance withdrawal 753

Pediatric gait disorder/painful walk 559 | Trauma (801-850) #

Respiratory (651-700) # |Major trauma—penetrating 801

Shortness of breath 651 |Major trauma—blunt 802

Respiratory arrest 652 |Isolated chest trauma—penetrating 803

Cough/congestion 653 |Isolated chest trauma—Dblunt 804

Hyperventilation 654 |Isolated abdominal trauma—penetrating | 805

Hemoptysis 655 |Isolated abdominal trauma—blunt 806

Respiratory foreign body 656 |General and Minor (851-900) #

Allergic reaction 657 |Exposure to communicable disease 851

Stridor 658 |Fever 852

Wheezing—no other complaints 659 |Hyperglycemia 853

Apneic spells in infants 660 |Hypoglycemia 854

Sources

Canadian Association of Emergency Physicians (CAEP); Canadian Institute for Health Information (CIHI).

Hospitals have multiple optionsifhow they implement the solution, allowing them to choose the
option that best suits their needs. They can use the provincial, clinically designed web application,
or they can incorporate provincial CTAS decision support into their own hospital systems,

designing and developing their own triage screens.
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Prior to the implementation of eCTAS, all triage nurses completed a mandéatory 2aining
sessionconsisting ofdidactic teachingand application practiceising an online, interactive,
simulated traiing environment witli0 standardized triagecenariogind realtime instruction on

how to incorporate vital signs and relevant modifiérsr ongoing eCTAS training, all triage
nurses have access to a training environment as soon as they receive #ssircade and can
continue to access this environment for future training and updates. When eCTAS updates are
implemented, there is an education session in the form of atlmatrainer that includes a full
teaching module to allow hospital trainers targhthe updates. There is alduedpguide built into

the eCTAS tool where a nurse can search any aspect of the tool and will get a visual guide to the
section in question with a full training stby-step guidethere are also videos in this sectigs.

of February 2020, eCTAS has been provincially mandated and implemented in 115 (>90%) EDs

across Ontario.

As a member of th@CTAS steering committed had the opportunity to lead the research
evaluation of the eCTAS program. This dissertation combines three scientific papers that describe
research findings from the evaluation of the provincial implementation of eCTAS in hospital EDs

across Ontario.

CHAPTER 2 describes our results fronpaospective, observational studiynearly 1,500 triage
encounters that occurred in seven hospital EDs across Ontario. This was the first study to report

interrater reliability, agreement and triage tipre andposteCTAS implementation.
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CHAPTER 3 presents our findings from a study exploritige consistencyof CTAS score
distributions acros85 hospital EDre and poseCTAS implementatiorior 16 highvolume
presenting complaints, and describes the associbéitmeen use of eCTAS modifiers and triage
consistencyTo determine consistency, the overall CTAS distribution was first calculated for each
presenting complaint, pre and pe@&TAS. Then the absolute differenneCTAS distribution for

each presenting cqutaint was calculatedfor each hospital, resulting in a change score.

Consistencyatios with a valuer1.0 indicaé an increasen triageconsistency postCTAS.

CHAPTER 4 describes the possible impact of eCTAS implementation on the ED metrics of
hospital admission, rate of left without being seen, and time from triage to physician initial
assessment, and describeshange in the distribution afiage scoregposteCTAS that is likely

due to eCTAS implementation. Quality of evidence refers to our comdérat changes were

causally related to eCTAS implementation.

CHAPTER 5 summarizes the most important findings from the three scientific papers and

suggests opportunities for future research in this area.
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Table 2 List of clinical modifiers availble in eCTAS.
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Modifiers

<3 mos, T<36C OR > 38C

> 18 mos, T > 38.5C and Appearing Unwell (Toxic)
> 18 mos, T > 38.5C and Appearing Well (Nimxic)
3-18 mos, T < 36C OR > 38.5C and Appearing Unwell (Toxic)
3-18 mos, T < 36C OR 38.5C and Appearing Well (Netoxic)
Abuse (any), High Stress

Active Bleeding

Active Labor (Contractions = < 5 min)

Active Labor (Contractions >5 min)

Active or Significant Hematemesis

Active Significant Hematemesis

Active Suicidal Intent

Active Vaginal Bleeding

Active Vaginal Bleeding with Clots

Actively Seizing

Actively Seizing (Substance Withdrawal)

Actively Seizing or Postictal

Acute Central Mild Pain (< 4)

Acute Central Moderate Pafa-7)

Acute Central Severe Pain-{®)

Acute Difficulties with Others / Environment

Acute Epistaxis, No Active Bleeding

Acute Inability to Ambulate

Acute Insomnia

Acute Mild Pain (< 4)

Acute Moderate Pain {4)
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27 Acute Onset Diplopia

28 Acute Onset, Ongoing

29 Acute or Abrupt Change in Vision (Eye Pain)

30 Acute or Abrupt Change in Vision (Eye Trauma)

31 Acute or Abrupt Change In Vision (Foreign Body, Eye)
32 Acute or Abrupt Change In Vision (Reheck eye)

33 Acute or Abrupt Change in Vision (Visual Disturbance)
34 Acute Peripheral Mild Pain (< 4)

35 Acute Peripheral Moderate PainT4

36 Acute Peripheral Severe Pain18)

37 Acute Psychosis

38 Acute Severe Pain {80)

39 Acute, No Headache

40 Acute, with Headache and/or Altered LOC

41 Airway Compromise

42 Altered Level of Consciousness (GCS 18

43 Amputation

44 Amputation (Ear Injury)

45 Anal / Rectal Trauma
46 Anorexia, Looks Well
47 Apneic Spell on Presentation

48 AppearsWell, No Fever

49 Asthmatic, PEFR < 40% (Severe)

50  Asthmatic, PEFR > 60% (Mild)

51 Asthmatic, PEFR 40%0% (Moderate)

52 Attempted Suicide or Clear Plan

53 Attempted Suicide or Clear Plan (Overdose Ingestion)

54 Audible Stridor
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55 Blanching of Skin

56 Bleeding Controlled With Pressure

57 Bleeding Disorder (Life or Limb Threatening Bleed)
58 Bleeding Disorder (Moderate or Minor Bleeds)

59 Bleeding Resolved / Controlled

60 Bleeding/Spotting + Cramping >10 Days Post Partum
61 Blunt MOI with Visual Loss

62 Bright Red Bleeding/Spotting <5 Days Postpartum
63 BS < 4 mmol/l and asymptomatic child > 1yr

64 BS < 4 mmol/l and symptomatic child > 1yr

65 BS < 4 mmol/L and/or Symptomatic

66 BS <4 mmol/L, Infant < 1 Year

67 BS < 4mmol/L, Not Symptomatic

68 BS <4 mmol/L, Symptomatic

69 BS > 18 mmol/L, Not Symptomatic

70 BS > 18 mmol/L, Symptomatic

71 Burn < 5% BSA Full or < 10% Partial

72 Burn > 25% BSA

73 Burn 5%25% BSA

74 Button Battery, No Symptoms (Foreign BodNgse)

75 Button Battery, No Symptoms (Oral / Esophageal Foreign Body)
76 Button Battery, No Symptoms (Respiratory Foreign Body)
77 Cardiac Arrest (Noftraumatic)

78 Cardiac Arrest (Traumatic)

79 Caregivers Identifying Need for Care

80 Cast Check or &st Change

81 Chemical Exposure

82 Chemical Exposure, Eye
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83 Chest Pain, Cardiac Features

84 Chest Pain, Non Cardiac

85 Chills, Wound Redness or Purulent Drainage
86 Chronic / Gradual Change in Vision

87 Chronic Abdominal Mass / Distention

88 Chronic Central Mild Pain (< 4)

89 Chronic Central Moderate Pain-{3

90 Chronic Central Severe Pain-18)

91 Chronic Confusion, No Change from Usual State
92 Chronic Cough / Congestion, Normal VS

93 Chronic Diarrhea, Normal VS

94 ChronicDiplopia

95 Chronic Insomnia

96 Chronic Mild Pain (<4)

97 Chronic Moderate Pain {4)

98 Chronic or Recurring Headache

99 Chronic Peripheral Mild/Moderate Pain (< 8)
100  Chronic Peripheral Severe Painri8)

101  Chronic Sensory LossParesthesias

102  Chronic Severe Pain {80)

103  Chronic Tremor

104  Chronic Vertigo

105  Chronic Vomiting and/or Nausea

106  Chronic Weakness

107  Chronic, non Urgent Condition (Bizarre Behaviour)
108  Chronic, non Urgent Condition (Sociafoblem)
109  Chronic, Unchanged Behaviour

110  Coffee Ground Emesis/Melena (Vomiting and/or Nausea)

10
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111  Coffee Ground Emesis/Melena (Vomiting Blood)
112  Cold Pulseless Limb

113  Conditions/Protocol Letters/Rapideterioration/Immediate Therapy
114  Conflict or Unstable Situation

115  Conflict or Unstable Situation

116  Constipation

117  Controlled Bizarre Behaviour

118  Cool Pulseless Limb

119  Core Temperature < 32C (Drowning)

120  Core Temperature < 32Eypothermia)

121  Core Temperature > 41C

122  Core Temperature 325C (Drowning)

123  Core Temperature 325C (Hypothermia)

124  Core Temperature 39CA1C

125  Cramping

126  Critical Value, Normal VS

127  Cyanosis

128  Decreased Fetal Movement

129  Decreased Oral Intake

130 Dental / Gum Problem

131  Dental Avulsion (Recent with Intact Tooth Present)
132  Depressed, No Suicidal Ideation

133  Difficulty Swallowing

134  Difficulty Swallowing/Dysphagia

135  Difficulty Swallowing/No Resp Distress

136  Direct Referral for Consultation

137  Dressing Change

138 Drooling or Stridor (Difficulty Swallowing / Dysphagia)

11
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139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166

Drooling or Stridor (Oral / Esophageal Foreign Body)
Drooling or Stridor (Respiratory Foreign Body)
Drooling or Stridor(Sore Throat)

Edema / Bilateral

Edema, Generalized, Normal VS

Exposure to Communicable Disease

Extensive Inflammation

Facial Cellulitis, Particularly Periorbital Area (Localized Swelling / Redness)
FacialCellulitis, Particularly Periorbital Area (Rash)
Facial Pain (NoslTraumatic / NorDental)

Facial Trauma

Family Distress

Fever (Appears Well), 1 SIRS Criterion (Fever)
Fever (Looks Unwell), < 3 SIRS Criteria

Fever, Inmunocompraised

Foreign Body in Ear

Foreign Body in Nose

Foreign Body in Rectum

Foreign Body Vagina

Foreign Body, Skin

Frailty Modifier

Frostbite / Cold Injury

Gait or painful walking with Fever

Genital Dischargellesion

Genital Trauma, No Pain

Groin Pain / Mass

Harmless Behaviour

Hay Fever Causing Nasal Congestion

12
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167  Headache +/Edema + Epigastric Pain +/Visual Disturbance +/CVA Symptoms

Headache +/Edema +/ Epigastric Pain +/Visual Disturbance +/CVA Symptoms
(Pregnancy Issues > 20 wks)

168
169  Hearing Loss, Gradual Onset

170  Hearing Loss, Sudden Onset

171  Heat Cramps Resolving, Well Hydrated

172 Heavy Vaginal Bleeding

173 Heavy Vaginal Bleeding +Pregnancy

174  Hematuria

175 Hemodynamic Compromise

176 Hemoptysis, Appears Well

177 Hiccoughs Chronic, No Distress

178  High Risk Exposure

179  High Risk Mechanism of Injury

180  High Risk Substance / Unknown Substance (Overdose Ingestion)
181  High RiskSubstance / Unknown Substance (Substance Misuse / Intoxication)
182  High Risk Substance Abuse (Postpartum Issues)

183  High Risk Substance Abuse (Pregnancy Issues > 20 Weeks)

184  History / Signs of Abuse or Maltreatment

185  History Of BleedingPrior To Presentation

186  History of Loss of Consciousness

187  History of Spell Consistent with Apnea

188  History of Spell Consistent with Apnea (Stridor)

189  History/Documentation of Lethal Dysrhythmia

190 Hoarseness or Difficulty Speaking (Neck Tinaeal)

191 Hoarseness or Difficulty Speaking (Oral / Esophageal Foreign Body)
192 Hoarseness or Difficulty Speaking (Respiratory Foreign Body)

193  Hx of Palpitations, Resolved

13
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194  Hypertension SBP >140 And DBP >90 (Postpartum Issues)
195  Hypertension SBP >140 And DBP >90 (Pregnancy Issues > 20 weeks)
196  Hypertension SBP >160 And DBP >100 (Postpartum Issues)
197  Hypertension SBP >160 And DBP >100 (Pregnancy Issues > 20 weeks)
198  Hyperventilation Resolved, Appears Well

199 Imaging Test/ Blood Test

200  Imminent Harm to Self or Others

201  Inconsolable Infant VS outside of Normal Limits

202  Inconsolable Infant, Abnormal VS

203 Infant < 7 days of Age

204  Infant <=7 Days of Age

205 Infant > 7 Days of Age

206 Irritable but Consolable

207  Isolated Abdominal Blunt Trauma

208  Isolated Abdominal TraumaPenetrating

209 Isolated Chest TraumaBlunt (Appears Well)

210 Isolated Chest TraumaPenetrating

211  Jaundice, Looks Well

212  Joint Swelling

213  Known Low Risk Substance

214  Labial Swelling

215  Laceration / Abrasion, No Sutures required

216  Laceration Requiring Sutures

217  Large Amt, Melena / Rectal Bleeding

218  Limited / Less Than Expected Muscle Tone

219  Localized Cellulitis (Localized Swighg / Redness)

220  Localized Cellulitis (Rash)

221 Localized Inflammation

14
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222  Localized Rash

223  Localized Rash (Localized Swelling/Redness)

224  Looks Septic (3 SIRS Criteria)

225  Looks Well

226  Low Risk Exposure

227  Lumps, Bumps, Calluses

228 Major Blunt Trauma In Pregnancy >20 Weeks

229 Major Blunt Trauma in Pregnancy >20 Weeks

230 Major Burn > 25% BSA

231  Major Burn Hand, Feet, Groin or Face

232  Major Trauma Blunt

233  Major Trauma Penetrating

234  Marked Stridor

235  MedicalDevice Problem; 'Asymptomatic' or ‘No Distress'
236  Menstrual Problems

237 Mild Agitation, Stable

238 Mild Anxiety / Agitation (Anxiety / Situational Crisis)
239 Mild Anxiety / Agitation (Substance Withdrawal)
240 Mild Anxiety / Agitation, Chronic Hdlicinations

241  Mild Dehydration (Diarrhea)

242  Mild Dehydration (General Weakness)

243  Mild Dehydration (Heat Related Issue)

244  Mild Dehydration (Medical Device Problem)

245  Mild Dehydration (Vomiting and/or Nausea)

246  Mild RespiratoryDistress

247  Mild Symptoms

248  Mild To Moderate Vaginal Bleeding

249  Mild/Moderate Headache -HNon Dependant Edema

15
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250  Minor Abrasion

251  Minor Bite(s)

252  Minor Blunt Trauma in Pregnancy >20 Weeks

253  Minor Cold Injury, NoDiscolouration

254  Minor Complaints, Unspecified

255  Minor Sore Throat +/Laryngitis

256  Minor Trauma- No Direct Abdominal Trauma

257  Moderate Amt, Melena / Rectal Bleeding

258  Moderate Anxiety / Agitation

259  Moderate Anxiety / AgitatiofAnxiety / Situational Crisis)
260  Moderate Anxiety / Agitation (Substance Withdrawal)
261  Moderate Dehydration (Diarrhea)

262  Moderate Dehydration (Feeding Difficulties in Newborn)
263 Moderate Dehydration (General Weakness)

264 Moderate DehydratiofHeat Related Issue)

265 Moderate Dehydration (Medical Device Problem)

266 Moderate Dehydration (Neonatal Jaundice)

267 Moderate Dehydration (Vomiting and / or Nausea)

268 Moderate Respiratory Distress

269  More Than 7 Days, No Distress

270  NasalCongestion with Known Hay Fever

271  Near Drowning, Appears Well

272  Neck Stiffness/Meningismus -Hrever

273  Neurodeficit +/- Bowel Bladder Problems (Back Pain)
274  Neurodeficit +/- Bowel Bladder Problems (Traumatic Back / Spine Injury)
275  Neurovascular Compromise (Bite)

276  Neurovascular Compromise (Laceration / Puncture)

277 Neurovascular Compromise (Lower Extremity Injury)

16
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278
279
280
281
282
283
284
285
286
287
288
289
290
201
292
293
294
295
296
297
298
299
300
301
302
303
304
305

Neurovascular Compromise (Lower Extremity Pain)
Neurovascular Compromise (Ring Removal)
Neurovascular Compromise (Upper Extremity Injury)
Neurovascular Compromise (Upper Extremity Pain)
Neurovascular Compromise of Extremity (Multisystem TraurBaunt)
Neurovascular Compromise of Extremity (Multisystem TraurRanetrating)
New Dysrhythmia, Irreg Pulse/HR Change

New Focal Neurological Findings

New Onset Sensory Loss / Paresthesias

Newly Born

No Distress

No Fetal Movement

No Frostbite, Normal VS

No History of Loss ofConsciousness

No Muscle Tone, Unable to Support Head

No Obvious Cutaneous Injury

No Sutures Required

No Swallowing / Respiratory Difficulty

Non-critical Abnormal Lab Value

Not Positional, +/ Neuro Findings

NurseUnable to Visualize Eye

Obvious Cutaneous Injury

Obvious Deformity (Upper Extremity Injury)

Obvious Deformity (Lower Extremity Injury )

Obvious Edema / Swelling of Lips, Tongue or Oropharynx
Oliguria

Ongoing Heat Cramps

Open Fracture (Lower Extremity Injury)

17
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306  Open Fracture (Upper Extremity Injury)

307  Other Significant Chest Pain (Ripping, Tearing)

308  Other Skin Conditions

309  Outside the Therapeutic Window or Resolved

310 Overdose Ingestion

311  Painless Mild Burn

312  Pallor / Anemia

313 Paranoia

314  Paresthesias, Neurological Signs

315  Partial/Full Thickness Burn to Hands, Feet, Face, or Perineum
316  Pelvic Pain with Abnormal Vaginal Discharge

317  Pelvic Pressure With Abdomin@ramping, Back Pain

318 Penetrating Abdominal Trauma In Pregnancy >20 Weeks
319 Penetrating Abdominal Trauma in Pregnancy >20 Weeks
320 Penetrating Foreign Body

321 Penetrating Head, Chest, Abdomen

322 Penetrating Injury/Chemical or Thermal Burn

323 Periodic / Recurrent, No Active Bleeding

324 Periorbital Swelling

325  Persistent Headache Post Epidural Anesthesia with Delivery
326  Persistent Problematic Behaviour

327  Persistent Vomiting (Abdominal Mass / Distention)

328  Persistent Vomiting (OralEsophageal Foreign Body)

329  Petechial Rash

330 Photophobia

331  Pink, Mucous Discharge

332 Polyuria

333  Positional, No Other Neuro Symptoms

18
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334  Possible Foreign Body

335  Possible Vaginal Fluid Leak

336  Postictal (Seizure)

337  Potential forDehydration (Diarrhea)

338  Potential for Dehydration (General Weakness)

339  Potential for Dehydration (Medical Device Problem)

340  Potential for Dehydration (Vomiting and / or Nausea)

341  Prescription / Medication Request

342  Presenting Fetdbarts or Prolapsed Cord

343  Previous Severe Reaction (Bite)

344  Previous Severe Reaction (Sting)

345  Previous Severe Reaction (Allergic Reaction)

346  Priapism

347  Prolonged Spinal Immobilization

348 Prolonged Spinal Immobilization (He#&gjury)

349 Prolonged Spinal Immobilization (Multisystem TraurRlunt)
350  Pruritus

351 Pulse Rate / Pressure Abnormal (Hemodynamically Stable)
352 Purpuric / Petechial Rash, Appears Unwell (Localized Swelling / Redness)
353  Purpuric /Petechial Rash, Appears unwell (Rash)

354  Recent Seizures, Postictal, Agitated (Substance Withdrawal)
355  Recent Spell Consistent with Apnea

356  Recent Spell Consistent with Apnea (Stridor)

357 Recheck Eye

358 Rectal Bleeding Small Amount

359 Red Ee / Discharge, Acute

360 Red Eye / Discharge, Chronic

361 Redness / Tenderness Breast

19
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362  Redness, Tenderness in Breast

363  Refusing Oral Feeds

364 Remote Exposure, No Symptoms

365 Removal of Staples / Sutures

366  Resolved, Normal Level dAlertness

367  Respiratory Arrest

368  Retracted Foreskin, Unable To Reduce

369 Ring Removal

370  Risk of Flight or Ongoing Abuse

371  Routine Check, Normal VS

372  Rule out Infestation

373  SBP > 220 or DBP > 130, No Symptoms

374  SBP > 220 or DBP 230, With Symptoms

375  SBP 206220 and DBP 11430, No Symptoms
376  SBP 206220 and DBP 11430, With Symptoms
377  Scrotal Pain and/or Swelling

378  Severe Anxiety / Agitation (Anxiety / Situational Crisis)
379  Severe Anxiety / AgitatioflSubstance Withdrawal)
380  Severe Anxiety or Agitation

381  Severe Cold Injury, Blanching or Cyanosis

382  Severe Dehydration (Diarrhea)

383  Severe Dehydration (Feeding Difficulties in Newborn)
384  Severe Dehydration (General Weakness)

385  SevereDehydration (Heat Related Issue)

386  Severe Dehydration (Medical Device Problem)
387  Severe Dehydration (Neonatal Jaundice)

388  Severe Dehydration (Vomiting and / or Nausea)

389  Severe Respiratory Distress

20
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390  Sexual Assault (or Suspecte8}able

391  Shock

392  Shortness of Breath, No Distress

393  Significant Weight Loss

394  Signs of Deep Space Infection or Injury

395  Small Amount, Normal Vital Signs

396  Smoke/Other Inhalation, No Distress

397  Specific Plan(s) to do harm

398  Spontaneous Bruising

399  Spotting

400  Stable, Potential for Problems

401  Stable, Progressing As Expected

402  Sting

403  Sudden, Severe, Worst Ever Headache

404  Suicidal Ideation No Plan (Overdose Ingestion)

405  Suicidal Ideation No Pla(Depression / Suicidal / Deliberate Self Harm)
406  Suspected Aspirin Ingestion

407  Suspected Physical or Sexual Assault

408  Sutures Required

409  Symptomatic Eye 'Splash’

410  Syncope Occurring During Exercise

411  Syncope with No Prodrom&ymptoms

412  Syncope with Prodromal Symptoms

413  Syncope with Sudden Position Change

414  Syncope with Symptoms Resolved, Normal VS

415  Tight Cast with Neurevascular Compromise (Lower Extremity Injury )
416  Tight Cast with Neurevascular CompromiseCast Check)

417  Tight Cast with Neurevascular Compromise (Lower Extremity Pain)
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418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445

Tight Cast with Neurevascular Compromise (Upper Extremity Injury)
Tight Cast with Neurevascular Compromise (Upper Extremity Pain)
Tight Cast with NdNeurcavascular Compromise (Cast Check)

Tight Cast with No Neur@ascular Compromise (Lower Extremity Injury )
Tight Cast with No Neurwascular Compromise (Lower Extremity Pain)
Tight Cast with No Neur@ascular Compromise (Upper Extremityjury)
Tight Cast with No Neur@ascular Compromise (Upper Extremity Pain)
Tinnitus

Traumatic Amputation of a Digit

Traumatic Amputation of an Extremity

Unable to Cope

Unable To Empty Bladder/Dysuria <72 HPsstpartum

Uncertain Flight or Safety Risk (Anxiety / Situational Crisis)

Uncertain Flight or Safety Risk (Bizarre Behaviour)

Uncertain Flight or Safety Risk (Depression / Suicidal / Deliberate Self Harm)
Uncertain Flight oSafety Risk (Hallucinations / Delusions)

Uncertain Flight or Safety Risk (Overdose Ingestion)

Uncertain Flight or Safety Risk (Paediatric Disruptive Behaviour)
Uncertain Flight or Safety Risk (Substance Misuse / Intoxication)
UncertainFlight or Safety Risk (Substance Withdrawal)

Uncertain Flight or Safety Risk (Violent / Homicidal Behaviour)
Unconscious (GCS-9)

Uncontrolled Bizarre Behaviour

Uncontrolled Bloody Diarrhea

Uncontrolled Epistaxis

Uncontrolled Epistaxis

Unplanned / Unattended Birth

Upper Extremity Chronic Mild Pain
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446  Urinary Retention

447  UTI Complaints / Symptoms

448  Vaginal Bleeding Minor / Spotting (Vaginal Bleed)
449  Vaginal Bleeding Normal VS

450  Vaginal Discharge

451  Vaginal Fluid Loss

452  Violent Ideation, No Plan

453  Visual Acuity Disturbance +/[Eye Pain

454  Vital Signs Outside the Limits of Normal

Vomiting / Diarrhea in a Child with Metabolic Disease, Type 1 Diabetes or Adrer
Insufficiency

455
456  Wakeup Stroke or Within the Therapeutic Window
457  Wakeup Stroke or Within the Therapeutic Window
458  Walking with Difficulty

459  Wheezing No Other Complaints

460  With Chest Pain Cardiac Features

461  Within Last 24 Hours or Distesed

462  Within Last 7 Days

463  Wound Check

464  Wound Redness/Swelling-t$erosanguinous Drainage
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ABSTRACT

Objective: eCTAS is a real time electroniciage decisionsuppot tool designed to improve
patient safety and quality of care by standardizing the applicatithedanadian Triage and
Acuity Scale (CTAS)The objective of this study was determinenterrater agreement of triage

scores preand posimplementation of eCTAS

Methods: This was a prospective, observational study conductesewenEDs, selected to
represent a mix of triage documentation practices, hospital &yjegatient volumes. provincial
CTAS auditor observed triage nurses in the B and posimplementation of eCTA%Nd
assigned an independe@T AS scorein real time. Research assistants independently recorded
triage time. Interrater agreement was estimated using kappstictatvith 95% confidence

intervals (ClIs).

Results: 1491 (752 preeCTAS, 739 posimplementation) individual triage assessments were
auditedover42 @21 preeCTAS, 21 posimplementation)sevenhour triage shifts. Exact modal
agreement was achieved 7 (754%) patientreeCTAS, compared to 685 (92.7%) patients

triaged with eCTAS Using the awuditor 6s eCTR3 Signikcandyr e as
reduced the number of patiemgertriaged(120%v s . 5. 1%; @& 6 .)&dundsb % CIl
triaged(126%v s . 2. 2%; @& 10 . Aterra@ragtee@dnt waggherith eQTAS 2 ) . |
(unweighted kappa 0.89 vs 0.63; quadrata@ighted kappa 03vs. 0.B). Median triage time was

312 secondtn=3808 patientxpre-eCTAS and 347 secon{is=3489 patienjswi t h e CTAS ( &

seconds, 95% CI: 29, 40 seconds).

Conclusions:A standardized, electronic approach to performing triage assessments improves both

interrater agreement and data accuracy without substantially increasing triage time.
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Introduction

The Candian Triage and Acuity Scal€TAS) is the standard used in all Canadard many
internationalemergency departments (EDs) for establishing the priority by which patients should
be assessedl-7> The intent is tadentify patients with critical antime-sensitive conditions who
should be senexpeditiously to initiate care that maximizes improved morbidity and mortality
outcomesThe scale delineates 5 levels of acuigyel 1 (resuscitation), level 2 (emergent), level

3 (urgent), level 4 (less urg® and level 5 (nomrgent)<8-11> CTAS is similar to other
standardized triage algorithmcluding theAustralasian Triag&cale 42> and theManchester
Triage Scale <13xyhich categorizepatients basedmnothe time they may safely waliut differs

from othertriage algorithns such as the Emergency Severity Index si¢hichis based omoth

patientacuity and the number of anticipated resources theiraygequire

In addition to its clinical utility, CTAS has become an important administrativeianeted by
governments to estimate patient care requiremedatsymineED funding anghysiciarworkload
models<15-18>However, despite its importance, the process by which CTAS scores are derived
is highly variable<4,5,16,17,19,20%According toan aud t oreporan 201Q the process of
triaging patients was found to vary significantly within and between Ontario hospitals, with 38%
of ED patients undetriaged and no process in place for government to validate submitted triage
scores with a resultinack of accountability for derived ED fundirgg1>Recommendations
were subsequently madend n 2015,the government agreed to fund the development and
implementation of astandardizedglectronic solution to reduce triage variability across the

provinee.
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eCTASis a real time electronic decisi@upport tool, designed to improve patient safety and
quality of care by standardizing the application of national triage guidetzsThe eCTAS
system wadased on the concept of tBERIAGE algorithmreportedby Donget al<23-25>In

order to ensure an intuitive, useiendly designeCTASwas further informed by a comprehensive
needs assessment and environmental scan, including 24 hospital site vigitdubad teaching,
community, and rural EDs, and consultation with over 100 clinical and technical experts from

across the province.

The application requirethe user to seleet presenting complaifitom a standardizedist of 170
complaintswhich thengenerates a complaispecifictriage template displaying all appropriate
potential modifiers (i.e., vital signstespiratory distress, hemodynamic status, level of
consciousness, pain score, bleeding disorder, and mechanism o) wojusgsistthe userin
assigning the appropriat€TAS score in real timeSpecifically, the application dynamically
calcul ates a recommended CTAS score bas®d on
and selected clinical modifier$lospitals have multiple optienfor how they implement the
solution, allowing them to choose the option that best suits their needs. They can use the provincial,
clinically designed web application, or they can incorporate provincial CTAS decision support into
their own hospital systesndesigning and developing their own triage scregssf April 2019,

eCTAS has been implemented in over 95 (80%) EDs across the province.
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Goals of This Investigation:

The goal of this study was to evaluate the implementation of eGif ASvariety of ED settings.
Specifically, theprimary objective was to determine the interrater agreemettiedfriagescore

pre and posimplementation of eCTASSecondary objectives weeto determine thériagetime

and accuracyre and posimplementation of eCTASNe hypothesized that interrater agreement
and triage accuracy would be higher and triage time would be similar (within one minute) after the

implementation of eCTAS.

Methods

Study desigrsettingand ®lection ofparticipants:

This was a prospective, observationallticenteredstudy conducted iisevenhospital EDsin
Ontario, CanadaA provincial steering committee selected the seven EDs included in this study
from apool of approximately 12 early adopter sitgslected to represent a mix of triage processes
(electronic vs. manual), documentation practices (electronic vs. paper), hospital types (rural,
community and teaching) and patient volumes (annual ED cengesdrrom 38,000 to 136,000).

Prior to the start of the studg€ TAS had beerthe standardriageprocess foall participating EDs

for at least 15ears All nursesobserved in this study had at least 2 years of ED experience and
hadpreviouslyundertakentandardCTAS triage training8-hour didactic sessiofollowed by 1-

3 days of handsn triage experience facilitated by a senior trinagese)provided by acertified

instructor.
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Prior to the implementation of eCTAS, all triage nurses completed a man@stour training
sessionconsisting ofdidactic teachingand application practiceising an online, interactive,
simulated training environment witt0 standardized triagecenariognd realtime instruction on

how to incorporate vital signs and relevanodifiers. For ongoing eCTAS training, all triage

nurses have access to a training environment as soon as they receive their access code and can
continue to access this environment for future training and updates. When eCTAS updates are
implemented, theres an education session in the form of a train the trainer that includes a full
teaching module to allow hospital trainers to share the updates. There ib@lgguade built into

the eCTAS tool where a nurse can search any aspect of the tool anetwaiNigual guide to the

section in question with a full training step by step guide, there are also videos in this section.

Methods of Measurement

Interobserver Assessments

To determine interrater agreementpravincial CTAS auditordirectly observed orduty triage
nurses in the EPlistened to the triage interactiamdindependenthassigned &TAS scorein

real time.The provincialCTAS auditor was not permitted to directly question the patient and both
nurses were blinded toh e o tséssmerdt sotes and triage score. TAAS auditor was the

current provincial master trainer for CTAS with 22 years of ED nursing and triage experience.

Each of the seven participating EDs was visited three timggylsgo SeptembeP016)and three
times poseCTAS implementation (June 2017 to October 201Bach hospital implemented

eCTAS at different times which is why the p@&TAS data collection period was so broéke
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sameprovincialauditor completed all interobserver assessments over-bexefriage shifts on
norrconsecutive weekdays between 10am and.8pre time of day and neconsecutive days

were chosen to maximize the number of patient encounters and the number of triage nurses
observed. Triage nurse-assessments of waiting room patgxvere not included in this validation

study. Triage assessments missing either the start or end time were excludedstAIgQYAS
implementation observatiomecurred after a minimum threeonthstabilization periodo allow

ED triage nurses tbecome &miliar with the eCTAS toal

Triage Time Assessments

Separate from the interobserver assessments, trasedrch assistantscorded the time it took

to triage patients in the same seven patrticipating EDs pre and post implementation of eCTAS.
Triage time was collected using aptopcomputer equipped witMicrosoft Excel (Microsoft
Corporation, Redmond, Washingtormustomized with an automatedectronic time stampo

record triage start and end times. The research assistants did not haemtacy with patients

and no patientnformation was collected, including the triage score. Prior to the start of data
collection, all research assistants completethadatorythreehourtrainingsession consisting of
didactic teaching on ED triage, pr@semapping of triage and registration flow, patient privacy
and confidentiality. This was followed by at least one shift at a local ED where the research
assistants directly observed a triage nurse @lud time testing wasconducted to ensure the

validity of the softwareandbecome familiar with reaime ED flow.
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Each of the seven participating EDs was visited 10 times pre (June to August 2016) and post
eCTAS (August 2017 tBecembeR018) implementation for the triage time portion of the study.
The research assistants observed triage nurses ovapsbshiftson weekdays between 10am and
8pm selectedo maximize the number of patient observations per.shifage reassessments

were not includedAll post eCTAS implementation observations occuaédr a minimunthree

monthstabilization period

The study protocol was approved by the research ethics board at each participating institution.
Triage nurse participation was voluntary. No triage nurse declined to participate. The study was
funded by tle Ontario Ministry of Health and Lorgierm Care. The funding agreement ensured

the investigators maintained control over the study design, methods and interpretation of the

results.

Primary Data Analysis

Interrater agreement was estimated using unweigliteesarweightedand quadratieveighted

kappa (k) statistics with 95% confidence intervals (Clyi t h k < 0.2 interpr
agreement o; k = 0.2 to 0.4 interpreted as if a
agreemento;. 80 I nt.eadlprted e as ORdBdDod naemeermd retdc
good ag k3527 &Exact modal agreemenndertriage and ovetriage were calculated

pre and post eCTAS implementatiodndertriage and oveittriage were defined by nurse

assignment to a triage level of lower or higher acuity thanpilweincial CTAS auditor,

respectively.Mean percentage of accurate score assignment faoriafje assessmentsas
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calculated in aggregate afat each site separly. Triage time was defined as the time interval
from first patienttriagenurse interaction to the time the triage assessmastomplete and the
patient left the triage statiolifferences in mediatriage time pre and post implementation of
eCTASwere assessadasingthe MannWhitney Utest and argresentedvith 95% confidence
intervals Cls) according to thélodgesLehmann methadProportional differences were estimated
using chisquare statistics with 95% ClIs. Data analyses were performed ustey F§.0

(StataCorp LP, College Station, Texas).

Results

1491 (752 preeCTAS, 739 postmplementation) individuabpatient triage assessments were
auditedover42 @21 preeCTAS, 21 posimplementation)sevenhour triage shifts. Exact modal
agreement waschieved for567 (754%) patientreeCTAS, compared to 685 (92.7%) patients
triaged with eCTAS (Table 1)mprovements in accuracy were seen across all tdatggories

posteCTAS implementation.

Table 1. Exact modal agreement, undeage and ovetriage pre and posCTAS
implementation

A. PreeCTAS
A A O O
a 1 2 3 4 5 Tot a
1 4 4
2 1 / 27 2 154
5 3 1 2 7 4 4 324
- 4 2 55 13 243
5 2 7 S 27
TOTAL 2 157 336 226 31 752
A a 0 % O % 00 o0 % S %
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B. PosteCTAS
CTAS Audi tor

)]
(72}
e
>
Z
[¢B)
o
o
e
I—

57
71

Accurac 100% 98% 95 % 88 % 81%

The use oBCTAS significantly reduced the number of patientsrtriaged(120% vV s . 5. 1%; &

6.9, 95% CI: 4.0 to 9)7and unlertriaged (26%v s . 2. 2%; @& 10.4, 95% CI

was consistent across all participating sites (Table 2).

Table 2. Exact modahgreementunder triage and over triage pre and faBTAS
implementatiorby hospital.

Hospital Type Exact Modal Under Triaged Over Triaged
Agreement (%) (%) (%)

Pre Post Pre Post Pre Post
Community 74.4 92.0 8.9 5.0 16.7 3.0
Academic 72.6 91.1 151 3.0 12.3 5.9
Community 76.7 92.5 12.3 1.1 11.0 6.4
Rural 72.8 96.1 11.6 0.0 15.5 3.9
Rural 73.4 91.7 18.3 4.6 8.3 3.7
LargeCommunity 82.5 94.1 8.1 0.9 9.4 4.9
LargeCommunity 71.8 91.7 155 0.0 12.7 8.3
Total 75.4 92.7 12.6 2.2 12.0 5.1

Where: Pre = preCTAS implementation; Post = pes€CTAS implementation.
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Pre-eCTAS,18.5% of CTAS 2 and 17.0% CTAS 3 patients were whdgged, and 20.4% of
CTAS 4and 41.9% of CTAS 5 patients were oweaged. PoseCTAS implementation, 2.4% of
CTAS 2 (o 16. 1%; 95% CI : 9.7 to 23.0) and 2.
patients were undetriaged, and 9.0% c€TAS 4( qp 11 . 3 %; 95% CI : 4.0 to

CTAS 5 (o 22. 2 %; 95% CI :-tridqedd4 to 41.1) patient

Interrater agreemepte and post eCTAS implementation by hospital is shown in Table 3. Across
all sites, interrater agreements higher with eCTAScompared to preCTAS. The aggregate
unweighted kappwas0.63(95% CI: 0.58 to 0.68) preCTAS compared to 0.89 (95% CI: 0.86

to 0.92) poseCTAS implementation. Weighted analysis produced substantially higher estimates
of reliability compared to unweighted analysis, with quadratic weighting resulting in higher

interrater agreement compared to linear weighting (Table 3).

Researh assistantsecorded triage time during 1400 preeCTAS,70 postimplementation}ix-

hour triage shiftsTriagetime was capturedor 3808 patients preCTAS andor 3489 patients

post implementation of eCTAS.able 4 shows median triage time by hoddiB pre and post
eCTAS implementationMedian triage time was 312 seconds-p&ETAS compared to347
seconds with eCTAS (tad0 $Séondskour (bnhld® of theirkltdedsites 2 9
used a papdbased triage method prior to eCTAS. When tisiiss implemented eCTAS, median
triage time increased by 74 (67 to 81) seconds (Table 5). Of the three sites using an electronic
based triage process, median triage time decreased by 30 (17 to 44) seconds with the

implementation of eCTAS.
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Table 3. Interrater agreemepte and poseCTAS implementatioby hospital.

Hospital

Unweighted Kappa
(95% CI)

Linear Weighted Kappa
(95% CI)

Quadratic Weighted Kappa

Type (95% ClI)

Pre

Post

Pre

Post

Pre

Post

Community

0.61 (0.47, 0.74

0.88 (0.80, 0.96

0.70 (0.60, 0.81

0.90 (0.83, 0.97)

0.81 (0.54, 1.0)

0.92 (0.71, 1.0)

Academic

0.60 (0.50, 0.71

0.69 (0.60, 0.78

0.90 (0.84, 0.96)

0.78 (0.55, 1.0)

0.92 (0.77, 1.0)

Community

0.64(0.48, 0.79)

0.87 (0.78, 0.96

0.71 (0.58, 0.84

0.90 (0.83, 0.97)

0.79 (0.39, 1.0)

0.93 (0.72, 1.0)

Rural

0.56 (0.42, 0.70

)
0.87 (0.81, 0.94)
)
)

0.94 (0.88, 0.99

0.63 (0.51, 0.76

0.94 (0.89, 1.0)

0.73 (0.33, 1.0)

0.95 (0.76, 1.0)

Rural

0.57 (0.43, 0.70

0.88 (0.810.96)

0.62 (0.50, 0.74

0.90 (0.84, 0.97)

0.69 (0.25, 1.0)

0.92 (0.73, 1.0)

LargeCommunity

0.74 (0.65, 0.83

0.90 (0.83, 0.9)

0.80 (0.73, 0.87

0.93 (0.88, 0.98)

0.87 (0.69, 1.0)

0.96 (0.86, 1.0)

LargeCommunity

0.55 (0.39, 0.72

0.88 (0.79, 0.96)

0.62 (0.49, 0.76

0.87 (0.77, 0.96)

0.71 (0.22, 1.0)

0.86 (0.51, 1.0)

Total

0.63 (0.58, 0.68

0.89 (0.86, 0.92)

0.71 (0.67, 0.74

0.91 (0.88, 0.93)

0.79 (0.68, 0.91

0.93 (0.85, 1.0)

Where: CI: confidence interval; Pre = g€ TASimplementation; Post = peslCTAS implementation.
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Table 4. Median triage time by hospitpte and poseCTAS implementation

. Annual  Previous . . , Median (IQR) Median (IQR)
H$Spgal ED Triage pTrgggfg # PFa)ltleents # PF?;';NS Triage Time (secs) Triage Time (secs)
yp Volume Method Pre Post
Community | 56,000 | Paper | 1-stage 440 335 332 (239, 446) 400 (308, 488) 68 (47, 88)
Academic | 61,000 Paper 1-stage 582 503 262 (211, 344) 341 (264, 440) 79 (65, 93)
Community | 74,000 | Electronic| 2-stage 472 582 449 (346, 647) 416 (288, 632) -33 (-59,-8)
Rural 38,000 | Electronic| 1-stage 300 363 355 (272, 464) 312 (234, 465) -43 (-66,-20)
Rural 45,000 | Paper | 1-stage 384 380 262 (208, 341) 345 (288, 446) 83 (78, 99)
Large | 4453000/ Paper | 1-stage 804 808 231 (184, 288) 289 (233, 371) | 58 (50, 67)
Community
c Large | 136 000| Electronic| 2-stage | 826 518 416 (311, 552) 416 (295,570) | 0 (-20, 21)
ommunity
Total 3808 3489 312 (230, 347) 347 (263, 478) 35 (29, 40)

Where: ED =emergency department; Pre =q@@TAS implementation; Post = pes€TAS implementation; IQR = interquatrtile
confidence i

range;

SsecCs

= seconds;

Cl

nterval ;

= differe

*1-stage triageTriage nurseaceives, triages and dispositidhs patient to regstration all in one encounte2-stage one or more
triagenursereceives the patiemsinddeterminsthep a t i abihty t@veait for triagg(pre-triage). Those who camot wait go directly
to a secondriagenurse for immediate assessment. Patients deéeliggble to wait remain in the triage area until a second triage
nurse is available toompletethetriageprocess
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Table 5. Median triage time btriage procespre and poseCTAS implementatian

Pre_wous # Patients # Patients Medlan (IQR) Medlar_l (IQR)
Triage Pre Post Triage Time (secs)| Triage Time (secs)
Method Pre Post
Paper 2210 2026 256 (201, 341) 330 (257, 424) 74 (67, 81)
Electronic 1598 1463 414 (312, 553) 384 (272,570) | -30 (-44,-17)
1-stage 2510 2389 267(207, 357) 329 (254, 426) 62 (55, 68)
2-stage 1298 1100 430 (324, 581) 416 (290, 607) -14 (-28,-1)

Where: Pre = preCTAS implementation; Post = pessCTAS implementation; IQR = interquartile range; secs = seconds; Cl =
confidence interval.
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Limitations

This study has several important limitatiord! interobserver assessmerasd triage time
assessmentsccurred during peak ED volumes (10&pm) Monday to Friday. No data was
collected in the evening, overnight, early morning or weekens possible that triage accuracy
variability and time may be different during these hours. Additionally, the ntygjofitriage
encounters observed in this study took place at the main triage station in the ED. This study
captured few triage encounters for patients arriving to the ED by ambulance or imenibored
area,so we are unclear if the resulise generaltable to those specific triagaesentations
Additionally, very few triage encounters were captured for critically ill patients (CTAS 1),
however, the concept of triage in these critically ill patients is rather moot as they often require

immediate lifesaing intervention.

The CTAS auditor wh@ompleted alll491interobservetriage assessmentsasthe provincial

master trainer for CTAS with 22 years of ED nursing and triage experigveeare unsure if
another CTAS auditor would have similar experiemmaentially limiting the external validity of

our triage accuracy findings. We did not record the triage experience of the nurses included in this
study, so we are unable to comment how this may have influenced triage accuracy or time.
However, a recenhternational multicentered study of 87 Emergency Severity Index-(Esied

nurses from Brazilthe United AratEmirates, and the United Stawigl not findany association

between nursing experience andgeaccuracyor performance<28>
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All EDs included in this study had at least 15 years of experience using CTAS. It is unknown if
our results would be applicable to EDs using other triage systems such as the ESI<14>,
Australasian Triage Scale<12>, or the Manchester Triage Scale[diE3Bawthorne efféqalso

referred to as the observer effect) must also be considered when interpreting the study results. The
triage nurses were aware they were being observed and understood the objective of the study,
therefore, the presence of the CTAS auditor and eareh assistants mhgveinfluenced their
behavior.Finally, although ouilfindings were consisterietweenseveninstitutions across the
province it is possiblethat other EDs using CTAS have significantly different triage accuracy and

variability.

Discussion

This studyevaluateghe implementation of eCTAS: real time electronic decisiegupport tool
designed to improve patient safety and quality of care by standardizing the application of national
triage guidelinesWe found thainterrater agreeemt and triage accuraayere higheracross all

seven included EDsindmediantriage timewassimilar after the implementation of eCTAS.

When interpretinginterrater agreemenit is importantto considerthe difference between
unweightecandweightedkappa statistis. \WWhen weconsidemeasuremergcaleghatare ordinal,
such as afevel triage scale, some arguastimportant to retain the hierarchical nature of the
categoriesand considethe magnitude ofdisagreement betweearbservers. For examplehd
difference between one observer triaging a patieniGIBAS 5 and a second observer triaging the

same patient as@TAS 4 is small compared to the difference of the second observer triaging that
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patient as &CTAS 1. Weighted kappa penalizes disagreetaan terms of theidiscordance
whereas unweighted kappa treats all disagreements eqUil#yefore, some have argued that
weighted kappatatistics, specifically quadratigeighted kappais more gpropriate for ordinal
scales.29> However,others suggeshe situation is different for triage, where there are only 5
possible triage levels and 99% of patients fall in the lowest 4 le38l81>If one observer triages

a patient as CTAS 3, the quadrateighted kappa will assign the secondexsr credit if thg
triage the patient as CTAS €TAS 3 orCTAS 4. Weighted kappa scores overestimate the level
of agreement between observdiiserefore, we chose to report raw agreement on exact triage level

as well as unweighted, lineareighted and gadradieweighted kappa values.

Previous studies reporting interrater agreement have usually been based obapagetase
scenarios with mock patients. Beveridge et al., was one of the first to report interrater agreement
using CTAS. Ten emergency phgisins and ten nurses assigned triage scores based on 50 case
scenarios and achieved a raw agreement of 54% with a weighted kappa value of 0.80 (95% CI:
0.79 to 0.81). When interrater agreement was examined for emergency nurses only, the kappa was
0.84 (95%CI: 0.83 to 0.85).4%> In a similar study, Manos et al., invited 20 emergency care
providers to independently assign CTAS scores to 42 case scenarios. Exact modal agreement on
triage level was 63.4%, agreement within one triage level was 94.9%, ancethé quadratie
weighted kappa was 0.77 (95% CI: 0.76 to 0.78»<Worster et al., compared intebserver
reliability between the ESI and CTAS using of 200 pdpesed case scenarios. The quadratic
weighted kappa of the CTAS group was 0.91 (95% CI: ta®099), which was similar to the ESI

group (0.89; 95% CI: 0.88 to 0.9929%>
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In 2003, Grafstein et al., reported the interrater reliability of a comjintexd triage system using

CTAS inrealtime.33> Two triage nur ses, absignment assigneda e ac h
CTAS score in real time using the comptiased system. Exact modal agreement was achieved

in 74% of cases and within one CTAS level in 94% of cases. The unweighted kappa value was
0.66 (95% CI: 0.60 to 0.73), and the quadrat@ighted kappa was 0.75 (95% :(.68 to

0.81).83>

In 2006, Dong et al., examined interrater agreement in a prospectivénreatudy between two

groups of experienced triage nurses using eTRIAGE, a Canadian developduhssdhtriage

decision supportobl based on CTAS24> Consecutive ED patients were assessed by the duty

triage nurse and an independent study nuise,i nded to each otherdés a
assignmentsboth using eTRIAGE. A total of 569 patients were included and lnweaghted

kappa was fdAmoderateo 0.52 (95% CHweightéd kdppa t o O.

(0.66; 95% CI: 0.60 to 0.71). Other compudssisted triage systems have been repoi2éd.<

More recently, Dugas et al., published the derivation and validat@cahputeibased electronic

triage system using the ESI and concluded that compared to ESI, the electronic triage system may
reduce subijectivity in triage evaluation, while more evenly distributing patients among lower
acuity levels. However, prospectiveaguation is required to fully understand its clinical utility

and generalizability. 34>
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At the time of the study,rdy 12 of the approximately 13BDs in the provincevere still usinga
paperbased triage methodand 4 of them were @uded inthis stug. When these sites
implemented eCTAS, median triage time increased by 74 secélmgever, EDsusing an
electroniebased triage procegsior to eCTAS implementation had a decreasmatian triage

time by 30 second®llowing the implementation of eCTARIthough the overall median triage

time increased by 35 seconds, we suspect this is an overestimate of what will happen across the
province when ta remainingEDs usingan electronic platfornnmplement theeCTAS system.
Moreover, as nurses gain experience witheG@& ASsystem, they will likely improvehteir triage

speed without sacrificing accuracy.

Given thatCTAS is usedto define ED casenix groups for comparativand benchmarking
processeggeportingagreement on ext triage level is importanin addition to its clinical utility,

CTAS has become an important administrative metric used by governments to estimate patient
care requirements andetermineED funding andphysician workload models In Ontario,
approximatéy 85% of EDs with more than 2,600 annualvisits are funded through a formula

according to theiED patientvolume and acuity casmix, based oiCTAS scores16,17>

Electronic decision support tools, such as eCTAS, have been designed to improveltabijeyr

and reduce variability while respecting the autonomy of nursing clinical judgefmeneCTAS
application requires the user to select a presenting complaint from a standardized list of 170
complaints, which then displays a CTASsed template Wi complaintspecific modifiers sorted

from highest to | owest acuity to support the
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clinical judgment differs from the eCTAS generated score, the user can override the eCTAS score
upwards and provian explanation .@., impression of higher acuity). Assigning a lower acuity

score than eCTAS recommends is not permitted.

In this study, there was marked improvement in triage accuracy across all seven sites after eCTAS
implementation gggregate unweighted kappa was 0.63-gZ&dAS compared to 0.89 pest
eCTAS. The use of eCTAS significantly reduced the number of patientstogged and under

triaged, and this was consistent across all participating sitegever, after the implemeniai of
eCTAS,9% of CTAS 4patientsandnearly 206 of CTAS 5 patientsvereassigned #&riagescore

higher than thecoresuggested by eCTASuggeshg eCTAS alone may not be able to identify
potentially relevantomorbidity or complexityin this populationThe CTAS National Working
Grouphasconsistently advocatdatiat nurse judgment must be included in the final assignafent

the triage score9-11> Further study focusing on user ovades to determingvhether they are

related to spefic complaints,populations, clinical impressiomser bias ofnconsistencies in

CTAS would be useful to optimiz&CTAS, triageeducation and guide future enhancements.

As emergency careontinues talemand higheefficiency to manage increasing ED volesiand
patient complexitythere is a need fatimely, accurate and reliabteage system to provide safe
and optimal careThe implementation of eCTAS, a standardized, electronic approach to
performing triage assessments, improves hotbrrater agrementand data accuracy without

substantially increasing triage time.
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Study objective: The electronic Canadian Triage and Acuity Scale (eCTAS) is a real-time electronic triage decision-support tool
designed to improve patient safety and quality of care by standardizing the application of the Canadian Triage and Acuity Scale
(CTAS). The objective of this study is to determine interrater agreement of triage scores pre- and post-implementation of eCTAS.

Methods: This was a prospective, observational study conducted in 7 emergency departments (EDs), selected to represent a mix
of triage documentation practices, hospital types, and patient volumes. A provincial CTAS auditor observed triage nurses in the ED
pre- and post-implementation of eCTAS and assigned an independent CTAS score in real time. Research assistants independently
recorded triage time. Interrater agreement was estimated with k statistics with 95% confidence intervals (Cls).

Results: A total of 1,491 individual triage assessments (752 pre-eCTAS, 739 post-implementation) were audited during 42 7-hour
triage shifts (21 pre-eCTAS, 21 post-implementation). Exact modal agreement was achieved for 567 patients (75.4%) pre-eCTAS
compared with 685 patients (92.7%) triaged with eCTAS. With the auditor's CTAS score as the reference, eCTAS significantly
reduced the number of patients over-triaged (12.0% versus 5.1%; A 6.9; 95% Cl 4.0 to 9.7) and under-triaged (12.6% versus
2.2%; A 10.4; 95% Cl 7.9 to 13.2). Interrater agreement was higher with eCTAS (unweighted k 0.89 versus 0.63; quadratic-
weighted k 0.93 versus 0.79). Median triage time was 312 seconds (n=3,808 patients) pre-eCTAS and 347 seconds (n=3,489
patients) with eCTAS (A 35 seconds; 95% Cl 29 to 40 seconds).

Conclusion: A standardized, electronic approach to performing triage assessments improves both interrater agreement and data
accuracy without substantially increasing triage time. [Ann Emerg Med. 2020;75:524-531.]

Please see page 525 for the Editor's Capsule Summary of this article.
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INTRODUCTION

The Canadian Triage and Acuity Scale (CTAS) is the
standard used in all Canadian and many international
emergency departments (EDs) for establishing the priority
by which patients should be assessed.'” The intent is to
identify patients with critical and time-sensitive conditions
who should be seen expeditiously to initiate care that
maximizes improved morbidity and mortality outcomes.
The scale delineates 5 levels of acuity: 1 (resuscitation), 2
(emergency), 3 (urgent), 4 (less urgent), and 5 (non-
urgent).”"" CTAS is similar to other standardized triage
algorithms, including the Australasian Triage Scale'” and the
Manchester Triage Scale,'? which categorize patients
according to the time they may safely wait, but differs from

other triage algorithms such as the Emergency Severity Index
(ESI),"* which is based on both patient acuity and the
number of anticipated resources their care may require.

In addition to its clinical utility, CTAS has become an
important administrative metric used by governments to
estimate patient care requirements and determine ED funding
and physician workload models."”"® However, despite its
importance, the process by which CTAS scores are derived is
highly variable.*”'*!”'** According to an auditor’s report in
2010, the process of triaging patients was found to vary
significantly within and between Ontario hospitals, with 38%
of ED patients under-triaged and no process in place for
government to validate submitted triage scores, with a resulting
lack of accountability for derived ED funding.”’
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Reliability and Usability of eCTAS

Editor’s Capsule Summary

What is already known on this topic

Triage is a variable process but at times results in
over- and undertriage.

What question this study addressed

Can the addition of electronic decision support
improve the consistency of triage assessment with the
Canadian Triage and Acuity Scale?

What this study adds to our knowledge

In this before-and-after study at 7 Canadian
emergency departments of various types, electronic
clinical decision support improved interrater triage
agreement, with a variable effect on triage times.

Houw this is relevant to clinical practice

This study suggests that triage may be an appropriate
process for clinical decision support. The study's
methodology frames an observation-based approach
for assessing triage accuracy.

Recommendations were subsequently made, and in 2015,
the government agreed to fund the development and
implementation of a standardized, electronic solution to
reduce triage variability across the province.

The electronic Canadian Triage and Acuity Scale
(eCTAS) is a real-time electronic decision-support tool,
designed to improve patient safety and quality of care by
standardizing the application of national triage guidelines.””
The eCTAS system was based on the concept of the
¢TRIAGE algorithm reported by Dong et al.”*** To
ensure an intuitive, user-friendly design, eCTAS was
further informed by a comprehensive needs assessment and
environmental scan, including 24 hospital site visits that
included teaching, community, and rural EDs, and
consultation with more than 100 clinical and technical
experts from across the province.

The application requires the user to select a presenting
complaint from a standardized list of 170 complaints,
which then generates a complaint-specific triage template
displaying all appropriate potential modifiers (ie, vital signs,
respiratory distress, hemodynamic status, level of
consciousness, pain score, bleeding disorder, and
mechanism of injury) to assist the user in assigning the
appropriate CTAS score in real time. Specifically, the
application dynamically calculates a recommended CTAS
score based on the presenting complaint, the patient’s vital
signs, and selected clinical modifiers. Hospitals have

multiple options for how they implement the solution,
allowing them to choose the option that best suits their
needs. They can use the provincial, clinically designed Web
application, or they can incorporate provincial CTAS
decision support into their own hospital systems, designing
and developing their own triage screens. As of April 2019,
eCTAS has been implemented in greater than 95 EDs
(80%) across the province.

Goals of This Investigation

The goal of this study was to evaluate the
implementation of eCTAS in a variety of ED settings.
Specifically, the primary objective was to determine the
interrater agreement of the triage score pre- and post-
implementation of eCTAS. Secondary objectives were to
determine the triage time and accuracy pre- and post-
implementation of eCTAS. We hypothesized that
interrater agreement and triage accuracy would be higher
and triage time would be similar (within 1 minute) after the
implementation of eCTAS.

MATERIALS AND METHODS

Study Design, Setting, and Selection of Participants

This was a prospective, observational, multicenter study
conducted in 7 hospital EDs in Ontario, Canada. A
provincial steering committee selected the 7 EDs included
in this study from a pool of approximately 12 early-adopter
sites, selected to represent a mix of triage processes
(electronic versus manual), documentation practices
(electronic versus paper), hospital types (rural, community,
and teaching), and patient volumes (annual ED census
ranged from 38,000 to 136,000). Before the start of the
study, CTAS had been the standard triage process for all
participating EDs for at least 15 years. All nurses observed
in this study had at least 2 years of ED experience and had
previously undertaken standard CTAS triage training (8-
hour didactic session followed by 1 to 3 days of hands-on
triage experience facilitated by a senior triage nurse)
provided by a certified instructor.

Before the implementation of eCTAS, all triage nurses
completed a mandatory 2-hour training session consisting
of didactic teaching and application practice using an
online, interactive, simulated training environment with 10
standardized triage scenarios and real-time instruction on
how to incorporate vital signs and relevant modifiers. For
ongoing eCTAS training, all triage nurses have access to a
training environment as soon as they receive their access
code and can continue to access this environment for future
training and updates. When eCTAS updates are
implemented, there is an education session in the form of a
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“train the trainer” that includes a full teaching module to
allow hospital trainers to share the updates. There is also a
help guide built into the eCTAS tool, where a nurse can
search any aspect of the tool and will get a visual guide to
the section in question, with a full-training step-by-step
guide; there are also videos in this section.

Methods of Measurement

To determine interrater agreement, a provincial CTAS
auditor directly observed on-duty triage nurses in the ED,
listened to the triage interaction, and independently
assigned a CTAS score in real time. The provincial CTAS
auditor was not permitted to directly question the patient,
and both nurses were blinded to the other’s assessment
notes and triage score. The CTAS auditor was the current
provincial master trainer for CTAS, with 22 years of ED
nursing and triage experience.

Each of the 7 participating EDs was visited 3 times
before eCTAS implementation (July to September 2016)
and 3 times afterward (June 2017 to October 2018). Each
hospital implemented eCTAS at different times, which is
why the post-eCTAS data collection period was so broad.
The same provincial auditor completed all interobserver
assessments during 7-hour triage shifts on non-consecutive
weekdays between 10 AM and 8 pM. The time of day and
non-consecutive days were chosen to maximize the number
of patient encounters and the number of triage nurses
observed. Triage nurse reassessments of waiting room
patients were not included in this validation study. Triage
assessments missing either the start or end time were
excluded. All post-eCTAS implementation observations
occurred after a minimum 3-month stabilization period to
allow ED triage nurses to become familiar with the eCTAS
tool.

Separate from the interobserver assessments, trained
research assistants recorded the time it took to triage
patients in the same 7 participating EDs pre- and post-
implementation of eCTAS. Triage time was collected with
a laptop computer equipped with Microsoft Excel (version
2013; Microsoft, Redmond, WA), customized with an
automated electronic time stamp to record triage start and
end times. The research assistants did not have any contact
with patients and no patient information was collected,
including the triage score. Before the start of data
collection, all research assistants completed a mandatory 3-
hour training session consisting of didactic teaching on ED
triage, process mapping of triage and registration flow,
patient privacy, and confidentiality. This was followed by at
least one shift at a local ED, in which the research assistants
directly observed a triage nurse and pilot time testing was

conducted to ensure the validity of the software and
provide familiarity with real-time ED flow.

Each of the 7 participating EDs was visited 10 times
before eCTAS implementation (June to August 2016) and
afterward (August 2017 to December 2018) for the triage
time portion of the study. The research assistants observed
triage nurses during 6-hour shifts on weekdays between 10
AM and 8 PM, selected to maximize the number of patient
observations per shift. Triage reassessments were not
included. All post-eCTAS implementation observations
occurred after a minimum 3-month stabilization period.

The study protocol was approved by the research ethics
board at each participating institution. Triage nurse
participation was voluntary. No triage nurse declined to
participate.

Primary Data Analysis

Interrater agreement was estimated using unweighted,
linear-weighted, and quadratic-weighted K statistics with
95% confidence intervals (Cls), with k<0.2 interpreted as
poor agreement, k=0.2 to 0.4 interpreted as fair
agreement, K=0.41 to 0.60 interpreted as moderate
agreement, k=0.61 to 0.80 interpreted as good agreement,
and k>0.80 interpreted as very good agreement.”**” Exact
modal agreement, under-triage, and over-triage were
calculated pre- and post-eCTAS implementation. Under-
triage and over-triage were defined by nurse assignment to a
triage level of lower or higher acuity than the provincial
CTAS auditor assignment, respectively. Mean percentage
of accurate score assignment for all triage assessments was
calculated in aggregate and for each site separately. Triage
time was defined as the interval from first patient—triage
nurse interaction to the time the triage assessment was
completed and the patient left the triage station.
Differences in median triage time pre- and post-
implementation of eCTAS were assessed with the Mann-
Whitney U test and are presented with 95% Cls according
to the Hodges-Lehmann method. Proportional differences
were estimated with x? statistics with 95% Cls. Data
analyses were performed with Stata (version 15.0;

StataCorp, College Station, TX).

RESULTS

A total of 1,491 individual patient triage assessments
(752 pre-eCTAS, 739 post-implementation) were audited
during 42 7-hour triage shifts (21 pre-eCTAS, 21 post-
implementation). Exact modal agreement was achieved for
567 patients (75.4%) pre-eCTAS compared with 685
patients (92.7%) triaged with eCTAS (Table 1).
Improvements in accuracy were observed across all triage
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Table 1. Exact modal agreement, under-triage, and over-triage
pre- and post-eCTAS implementation.

A, Pre-eCTAS
CTAS Auditor

1 2 3 4 5 Total

° i 4 4
o 2) 1 124 27 2 154
= 3 1 27 252 44 324
‘% 4 2 55 173 13 243
= 5 2 7l 18 27
Total 2 157 336 226 31 752

Accuracy 0% 79% 75% 76% 58%

B, Post-eCTAS

CTAS Auditor
1 2 3 4 5 Total

° 1 4
‘g 2 164 10 1 175
z 3 3 323 14 6 346
8;9 4 1 7 137 7 152
= 5 1 4 57 62

Total 4 168 341 155 71 739

Accuracy  100% 98% 95% 88% 81%

categories post-eCTAS implementation. The use of eCTAS
significantly reduced the number of patients over-triaged
(12.0% versus 5.1%; A 6.9; 95% CI 4.0 to 9.7) and under-
triaged (12.6% versus 2.2%; A 10.4; 95% CI 7.9 to 13.2),
and this was consistent across all participating sites

(Table 2). Pre-eCTAS, 18.5% of CTAS level 2 and 17.0%
of CTAS level 3 patients were under-triaged, and 20.4% of
CTAS level 4 and 41.9% of CTAS level 5 patients were
over-triaged. Post-eCTAS implementation, 2.4% of CTAS
level 2 patients (A 16.1%; 95% CI 9.7% to 23.0%) and
2.3% of CTAS level 3 patients (A 14.6%; 95% CI 10.4%

Table 2. Exact modal agreement, under-triage, and over-triage
pre- and post-eCTAS implementation by hospital.

Exact Modal

Agreement, % Undertriaged, % Overtriaged, %
Hospital Type Pre Post Pre Post Pre Post
Community 744 920 89 5.0 16.7 3.0
Academic 726 911 15.1 3.0 12.3 5.9
Community 76.7 925 12.3 19 11.0 6.4
Rural 728 96.1 11.6 0.0 15.5 3.9
Rural 734 917 18.3 4.6 8.3 3
Large community 82.5 94.1 8.1 0.9 9.4 4.9
Large community  71.8 91.7 1515 0.0 197 8.3
Total 754 927 12.6 2.2 12.0 5.4

Pre, Pre-eCTAS implementation; post, post-eCTAS implementation.

to 19.1%) were under-triaged, and 9.0% of CTAS level 4
patients (A 11.3%; 95% CI 4.0% to 18.1%) and 19.7% of
CTAS level 5 patients (A 22.2%; 95% CI 3.4% to 41.1%)
were over-triaged.

Interrater agreement pre- and post-eCTAS
implementation by hospital is shown in Table 3. Across all
sites, interrater agreement was higher with eCTAS compared
with pre-eCTAS. The aggregate unweighted k was 0.63
(95% CI 0.58 to 0.68) pre-eCTAS compared with 0.89
(95% CI 0.86 to 0.92) post-eCTAS implementation.
Weighted analysis produced substantially higher estimates of
reliability compared with unweighted analysis, with
quadratic weighting resulting in higher interrater agreement
compared with linear weighting (Table 3).

Research assistants recorded triage time during 140 (70
pre-eCTAS, 70 post-implementation) 6 hour triage shifts.
Triage time was captured for 3,808 patients pre-eCTAS
and for 3,489 post-implementation of eCTAS. Table 4
shows median triage time by hospital ED pre- and post-
eCTAS implementation. Median triage time was 312
seconds pre-eCTAS compared with 347 seconds with
eCTAS (A 35 seconds; 95% CI 29 to 40 seconds). Four of
the included sites (57.1%) used a paper-based triage
method before eCTAS. When these sites implemented
eCTAS, median triage time increased by 74 seconds (95%
CI, 67 to 81 seconds) (Table 5). Of the 3 sites using an
electronic-based triage process, median triage time
decreased by 30 seconds (95% CI, 17 to 44 seconds) with
the implementation of eCTAS.

LIMITATIONS

This study has several important limitations. All
interobserver assessments and triage time assessments
occurred during peak ED volumes (10 AM to 6 PM)
Monday to Friday. No data were collected in the evening,
overnight, in the early morning, or during the weekend.
It is possible that triage accuracy, variability, and time are
different during these hours. Additionally, the majority of
triage encounters observed in this study took place at the
main triage station in the ED. This study captured few
triage encounters for patients arriving to the ED by
ambulance or in an unmonitored area, so we are unsure
whether the results are generalizable to those specific
triage presentations. Additionally, few triage encounters
were captured for critically ill patients (CTAS level 1);
however, the concept of triage for these critically ill
patients is moot because they often require immediate
lifesaving intervention. The CTAS auditor who
completed all 1,491 interobserver triage assessments was
the provincial master trainer for CTAS, with 22 years of
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Table 3. Interrater agreement pre- and post-eCTAS implementation by hospital.

Hospital Type

Unwelghted « (95% CI)

Linear Weighted « (95% ClI)

Quadratic Weighted « (95% Cl)

Pre

Post

Community
Academic
Community

Rural

Rural

Large community
Large community
Total

0.61 (0.47-0.74)
0.60 (0.50-0.71)
0.64 (0.48-0.79)
0.56 (0.42-0.70)
0.57 (0.43-0.70)
0.74 (0.65-0.83)
0.55 (0.39-0.72)
0.63 (0.58-0.68)

0.88 (0.80-0.96)
0.87 (0.81-0.94)
0.87 (0.78-0.96)
0.94 (0.88-0.99)
0.88 (0.81-0.96)
0.90 (0.83-0.9)

0.88 (0.79-0.96)
0.89 (0.86-0.92)

Pre Post Pre Post
0.70 (0.60-0.81) 0.90 (0.83-0.97) 0.81 (0.54-1.0) 0.92 (0.71-1.0)
0.69 (0.60-0.78) 0.90 (0.84-0.96) 0.78 (0.55-1.0) 0.92 (0.77-1.0)
0.71 (0.58-0.84) 0.90 (0.83-0.97) 0.79 (0.39-1.0) 0.93 (0.72-1.0)
0.63 (0.51-0.76) 0.94 (0.89-1.0) 0.73 (0.33-1.0) 0.95 (0.76-1.0)
0.62 (0.50-0.74) 0.90 (0.84-0.97) 0.69 (0.25-1.0) 0.92 (0.73-1.0)
0.80 (0.73-0.87) 0.93 (0.88-0.98) 0.87 (0.69-1.0) 0.96 (0.86-1.0)
0.62 (0.49-0.76) 0.87 (0.77-0.96) 0.71 (0.22-1.0) 0.86 (0.51-1.0)
0.71 (0.67-0.74) 0.91 (0.88-0.93) 0.79 (0.68-0.91) 0.93 (0.85-1.0)

ED nursing and triage experience. We are unsure whether
another CTAS auditor would have similar experience,
potentially limiting the external validity of our triage
accuracy findings. We did not record the triage experience
of the nurses included in this study, so we are unable to
comment on how this may have influenced triage
accuracy or time. However, a recent international
multicenter study of 87 ESI-trained nurses from Brazil,
the United Arab Emirates, and the United States did not
find any association between nursing experience and
triage accuracy or performance.”® All EDs included in this
study had at least 15 years of experience using CTAS. It is
unknown whether our results would be applicable to EDs
using other triage systems such as the ESI,'* Australasian
Triage Scale,'” or the Manchester Triage Scale.'” The
Hawthorne effect (also referred to as the observer effect)
must also be considered when the study results are
interpreted. The triage nurses were aware they were being
observed and understood the objective of the study;

therefore, the presence of the CTAS auditor and the
research assistants may have influenced their behavior.
Finally, although our findings were consistent between 7
institutions across the province, it is possible that other
EDs using CTAS have significantly different triage
accuracy and variability.

DISCUSSION

This study evaluates the implementation of eCTAS, a
real-time electronic decision-support tool designed to
improve patient safety and quality of care by standardizing
the application of national triage guidelines. We found that
interrater agreement and triage accuracy were higher across
all 7 included EDs, and median triage time was similar after
the implementation of eCTAS.

When interrater agreement is interpreted, it is important
to consider the difference between unweighted and
weighted K statistics. When measurement scales that are
ordinal are considered, such as a 5-level triage scale, some

Table 4. Median triage time by hospital pre- and post-eCTAS implementation.

Median (IQR) Median (IQR)

A | ED Previ Triage P y No. of No. of Triage Time Triage Time
Hospital Type Volume Triage Method No. of Stages* Patients Pre Patients Post Pre, S Post, S d: A 95% CI
Community 56,000 Paper 1 440 335 332 (239 to 446) 400 (308 to 488) 68 (47 to 88)
Academic 61,000 Paper 1. 582 503 262 (211 to 344) 341 (264 to 440) 79 (65 to 93)
Community 74,000 Electronic 2 472 582 449 (346 to 647) 416 (288 to 632) -33 (-59 to -8)
Rural 38,000 Electronic 1 300 363 355 (272 to 464) 312 (234 to 465) -43 (-66 to -20)
Rural 45,000 Paper 1 384 380 262 (208 to 341) 345 (288 to 446) 83 (78 to 99)
Large community 103,000 Paper 1 804 808 231 (184 to 288) 289 (233 to 371) 58 (50 to 67)
Large community 136,000 Electronic 2 826 518 416 (311 to 552) 416 (295 to 570) 0 (-20 to 21)
Total 3,808 3,489 312 (230 to 347) 347 (263 to 478) 35 (29 to 40)

IQR, Interquartile range.

*0One-stage triage: Triage nurse receives, triages, and dispositions the patient to registration all in one encounter. Two-stage: one or more triage nurses receive the patient and
determine his or her ability to wait for triage (pretriage). Patients who cannot wait go directly to a second triage nurse for immediate assessment. Patients deemed eligible to wait
remain in the triage area until a second triage nurse is available to complete the triage process.
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Table 5. Median triage time by triage process pre- and post-eCTAS implementation.

Median (IQR) Median (IQR)
Previous No. of No. of Triage Time Pre, Triage Time Post,
Triage Method Patients Pre Patients Post Seconds Seconds A 95% CI
Paper 2,210 2,026 256 (201 to 341) 330 (257 to 424) 74 (67 to 81)
Electronic 1,598 1,463 414 (312 to 553) 384 (272 to 570) -30 (-44 to -17)
1-stage 2,510 2,389 267 (207 to 357) 329 (254 to 426) 62 (55 to 68)
2-stage 1,298 1,100 430 (324 to 581) 416 (290 to 607) -14 (-28 to -1)

individuals argue it is important to retain the hierarchic
nature of the categories and consider the magnitude of
disagreement between observers. For example, the
difference between one observer triaging a patient as a
CTAS level 5 and a second observer triaging the same
patient as a CTAS level 4 is small compared with the
difference of the second observer triaging that patient as a
CTAS level 1. Weighted k penalizes disagreements in terms
of their discordance, whereas unweighted K treats all
disagreements equally. Therefore, some individuals have
argued that weighted K statistics, specifically quadratic-
weighted k, are more appropriate for ordinal scales.”
However, others suggest the situation is different for triage,
in which there are only 5 possible triage levels and 99% of
patients are in the lowest 4 levels.”””" If one observer
triages a patient as CTAS level 3, the quadratic-weighted k
will assign the second observer credit if he or she triages the
patient as CTAS level 2, 3, or 4. Weighted Kk scores
overestimate the level of agreement between observers.
Therefore, we chose to report raw agreement on exact triage
level, as well as unweighted, linear-weighted, and quadratic-
weighted K values.

Previous studies reporting interrater agreement have
usually been based on paper-based case scenarios with
mock patients. Beveridge et al'” were some of the first to
report interrater agreement with CTAS. Ten emergency
physicians and 10 nurses assigned triage scores based on 50
case scenarios and achieved a raw agreement of 54%, with a
weighted Kk value of 0.80 (95% CI 0.79 to 0.81). When
interrater agreement was examined for emergency nurses
only, the k was 0.84 (95% CI 0.83 to 0.85). In a similar
study, Manos et al’* invited 20 emergency care providers to
independently assign CTAS scores to 42 case scenarios.
Exact modal agreement on triage level was 63.4%,
agreement within 1 triage level was 94.9%, and the overall
quadratic-weighted k was 0.77 (95% CI 0.76 to 0.78).
Worster et al”’ compared interobserver reliability between
the ESI and CTAS, using 200 paper-based case scenarios.
The quadratic-weighted k of the CTAS group was 0.91
(95% CI 0.90 to 0.99), which was similar to that of the ESI
group (0.89; 95% CI 0.88 to 0.99).

In 2003, Grafstein et al*” reported the interrater
reliability of a computer-linked triage system using CTAS
in real time. Two triage nurses, blinded to each other’s
triage assignment, assigned a CTAS score in real time,
using the computer-based system. Exact modal agreement
was achieved in 74% of cases and within 1 CTAS level in
94% of cases. The unweighted k value was 0.66 (95% CI
0.60 to 0.73), and the quadratic-weighted k was 0.75
(95% CI 0.68 to 0.81). In 2006, Dong et al** examined
interrater agreement in a prospective, real-time study
between 2 groups of experienced triage nurses using
¢TRIAGE, a Canadian-developed, Web-based triage
decision-support tool based on CTAS. Consecutive ED
patients were assessed by the duty triage nurse and an
independent study nurse, blinded to each other’s
assessments and triage assignments, both using e TRIAGE.
A total of 569 patients were included and linear-weighted
k was moderate (0.52; 95% CI 0.46 to 0.57) and
quadratic-weighted Kk was good (0.66; 95% CI 0.60 to
0.71). Other computer-assisted triage systems have been
reported.”’

More recently, Dugas et al** published the derivation
and validation of a computer-based electronic triage system
using the ESI and concluded that compared with ESI, the
electronic triage system may reduce subjectivity in triage
evaluation while more evenly distributing patients among
lower-acuity levels. However, prospective evaluation is
required to fully understand its clinical utility and
generalizability.

At the study, only 12 of the approximately 130 EDs in
the province were still using a paper-based triage method,
and 4 of them were included in this study. When these sites
implemented eCTAS, median triage time increased by 74
seconds. However, EDs using an electronic-based triage
process before eCTAS implementation had a decrease in
median triage time by 30 seconds after the implementation
of eCTAS. Although the overall median triage time
increased by 35 seconds, we suspect this is an overestimate
of what will happen across the province when the
remaining EDs using an electronic platform implement the
eCTAS system. Moreover, as nurses gain experience with
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the eCTAS system, they will likely improve their triage
speed without sacrificing accuracy.

Given that CTAS is used to define ED case-mix groups
for comparative and benchmarking processes, reporting
agreement on exact triage level is important. In addition to
its clinical utility, CTAS has become an important
administrative metric used by governments to estimate
patient care requirements and determine ED funding and
physician workload models. In Ontario, approximately
85% of EDs with more than 27,500 annual visits are
funded through a formula according to their ED patient
volume and acuity case mix, based on CTAS scores. ©17
Electronic decision-support tools, such as eCTAS, have
been designed to improve triage reliability and reduce
variability while respecting the autonomy of nursing
clinical judgment. The eCTAS application requires the user
to select a presenting complaint from a standardized list of
170 complaints, which then displays a CTAS-based
template with complaint-specific modifiers sorted from
highest to lowest acuity to support the assignment of the
appropriate triage level. If the user’s clinical judgment
differs from the eCTAS-generated score, the user can
override the eCTAS score and move it upward, and provide
an explanation (ie, impression of higher acuity). Assigning a
lower acuity score than eCTAS recommends is not
permitted.

In this study, there was marked improvement in triage
accuracy across all 7 sites after €CTAS implementation
(aggregate unweighted k was 0.63 pre-eCTAS compared
with 0.89 post-eCTAS). The use of eCTAS significantly
reduced the number of patients over- and under-triaged,
and this was consistent across all participating sites.
However, after the implementation of eCTAS, 9% of
CTAS level 4 patients and nearly 20% of CTAS level 5
patients were assigned a triage score higher than the score
suggested by eCTAS, suggesting ¢CTAS alone may not be
able to identify potentially relevant comorbidity or
complexity in this population. The CTAS National
Working Group has consistently advocated that nurse
judgment be included in the final assignment of the triage
score.”! Further study focusing on user overrides to
determine whether they are related to specific complaints,
populations, clinical impression, user bias, or
inconsistencies in CTAS would be useful to optimize
eCTAS and triage education, and to guide future
enhancements.

Because emergency care continues to demand higher
efficiency to manage increasing ED volumes and patient
complexity, there is a need for a timely, accurate, and
reliable triage system to provide safe and optimal care. The
implementation of eCTAS, a standardized electronic

approach to performing triage assessments, improves both
interrater agreement and data accuracy without
substantially increasing triage time.
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