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Abstract

Introduction—The Pediatric Assessment Triangle (PAT) is a rapid evaluation tool that
establishes a child’s clinical status and his or her category of illness to direct initial management
priorities. Recently the PAT has been incorporated widely into the pediatric resuscitation
curriculum. Although intuitive, its performance characteristics have yet to be quantified. The
purpose of this research is to determine quantitatively its accuracy, reliability, and validity as
applied by nurses at triage.
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Methods—In this prospective observational study, triage nurses performed the PAT on all
patients presenting to the pediatric emergency department of an urban teaching hospital.
Researchers performed blinded chart review using the physician’s initial assessment and final
diagnosis as the criterion standard for comparison.

Results—A total of 528 children were included in the analysis. Likelihood ratios (LRs) were
found for instability and category of pathophysiology using the PAT. Children deemed stable by
initial PAT were almost 10 times more likely to be stable on further assessment (LR 0.12, 95%
confidence interval [CI] 0.06-0.25). The PAT further specified categories of pathophysiology:
respiratory distress (LR+ 4, 95% CI 3.1-4.8), respiratory failure (LR+ 12, 95% CI 4.0-37), shock
(LR+ 4.2, 95% CI 3.1-5.6), central nervous system/metabolic disorder (LR+ 7, 95% CI 4.3-11),
and cardiopulmonary failure (LR+ 49, 95% CI 20-120).

Discussion—The structured assessment of the initial PAT, as performed by nurses in triage,
readily and reliably identifies high-acuity pediatric patients and their category of pathophysiology.
The PAT is highly predictive of the child’s clinical status on further evaluation.

Keywords

Pediatric Assessment Triangle; PAT; Triage; Pediatric emergency medicine; Pediatric
resuscitation; Evaluation of children

The Pediatric Assessment Triangle (PAT) generates a rapid, global assessment using only
visual and auditory clues; it requires no equipment and takes seconds to perform.1-3 The
PAT was designed to enable the provider to articulate formally a general impression of the
child, establish the severity of the presentation and category of pathophysiology, and
determine the type and urgency of intervention. Using the PAT, the provider makes
observations of 3 components: appearance, work of breathing, and circulation to the skin
(Figure 1).

Appearance is delineated by the “TICLS” mnemonic: Tone, Interactiveness, Consolability,
Look or Gaze, and Speech or Cry. This arm of the PAT reflects a child’s age, stage of
development, and ability to interact with the environment. Important clues such as the
infant’s tone, consolability, interaction with caregivers and others, and strength of cry can
inform the provider of the child’s appearance as normal or abnormal (for age and
development).

Work of breathing describes the child’s respiratory status, especially the degree to which
the child must work in order to oxygenate and ventilate. Clinical signs such as abnormal
airway sounds (eg, stridor, grunting, and wheezing), abnormal positioning, retractions, or
flaring of the nostrils on inspiration determine an abnormal/increased work of breathing.

Circulation to the skin reflects the general perfusion of blood throughout the body. The
provider notes the color and color pattern of the skin and mucous membranes. In the context
of blood loss/fluid loss or changes in venous tone, compensatory mechanisms shunt blood to
vital organs such as the heart and brain and away from the skin and periphery of the body.
By noting changes in skin color and skin perfusion (such as pallor, cyanosis, or mottling),
the provider may recognize early signs of shock.
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An abnormality noted in any of the arms of the PAT denotes an unstable child, that is, a
child who will require some immediate clinical intervention. The pattern of affected arms
within the PAT further categorizes the child into 1 of 5 categories: respiratory distress,
respiratory failure, shock, central nervous system or metabolic disorder, and
cardiopulmonary failure (Table 1). The specific category then dictates the type and urgency
of intervention.

Although the process is intuitive, we sought to evaluate quantitatively the accuracy, validity,
and reliability of the general impression and the category of pathophysiology as utilized by
experienced nurses in the triage of children. The PAT is meant to supply a common
vernacular among clinicians; in this light, its performance characteristics also should be
standardized.

STUDY DESIGN AND SETTING

This prospective observational study was conducted from August 17, 2005, through March
31, 2006, at a Los Angeles County teaching hospital. Approximately 23,000 patients per
year are treated at the pediatric emergency department, with patients ranging in age from
birth to 18 years. The study was approved by the Institutional Review Board with a waiver
of consent.

STUDY PROTOCOL

Triage nurses were formally trained in the use of the PAT and were tested for competency
by a written examination after a comprehensive multimedia lecture. During the study period,
successfully trained nurses completed a PAT card separate from the medical record for all
patients upon their initial presentation to the pediatric emergency department. Blank cards
were included with each triage form to ensure compliance. Triage nurses noted PAT-specific
findings and determined the general impression (as defined in Table 1). After completion in
triage, cards were collected in a secured box. Exclusion criteria for analysis were patients
who were 14 years or older, had a developmental delay, had congenital abnormality, were
dependent on technology, had incomplete or unintelligible PAT cards, and had charts that
could not be obtained for review. (Children with congenital abnormalities or a
developmental delay have an abnormal baseline, and the PAT was not specifically designed
for the rapid evaluation of these children with special needs.)

SAMPLE SIZE

Based on projected patient volumes, we chose a sample size of 25 patients per category and
calculated the corresponding expected minimal detectable positive likelihood ratio (LR+
min) and the maximal detectable negative likelihood ratio (LR— max) with 95%
confidence.* This sample size ensured a minimum LR+ threshold of 2.8 (LR+ min > 2.8)
and a maximum LR~ threshold of 0.4 (LR— max < 0.4) in each category with 95%
confidence.
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MEASUREMENTS

Two pediatric emergency physicians and a pediatric nurse practitioner (PNP) who were
blinded to the initial nursing triage assessment conducted a written chart review. A chart
review was conducted on all unstable patients and on a random subset of stable patients as
identified by the nurse at triage using the PAT. This subset consisted of the first 25 stable
patients each month of the study duration. A list of eligible patients was generated by
medical record number, date of birth, and date of visit. Investigators reviewed the chart for
PAT-specific criteria and observations, thus reconstructing the physician’s PAT at the time
of presentation.

DATA ANALYSIS

Results

The physician’s chart-based PAT served as the criterion standard with which to compare the
nurse’s initial PAT. Sensitivity, specificity, and positive and negative likelihood ratios were
calculated (SAS software, version 9.2, SAS Institute Inc, Cary, NC, and VassarStats, VVassar
College, Poughkeepsie, NY) for stability and for category of pathophysiology. The 3 chart
reviewers extracted the PAT from the same 38 randomly chosen charts to measure inter-
rater reliability (IRR; Fleiss’ k coefficient). P values were calculated for Fleiss’ k (A
Language and Environment for Statistical Computing, version 2.11.0, R Foundation for
Statistical Computing, Vienna, Austria). We used a bias-corrected resampling estimator®
(bootstrap) for constructing the 95% confidence interval around each « statistic; 1000
repetitions of the bootstrap sample were used for each calculated interval (Stata Statistical
Software, Release 11, StataCorp, College Station, TX).

A total of 12,005 patients were triaged using the PAT. Of these patients, 1002 were selected
for chart review (all 802 PAT-determined unstable patients and a sampling of 200 patients
determined to be stable by PAT). We excluded from the analysis 474 patients who were
missing exclusive patient and/or specific episode identifiers to ensure that the PAT card
completed in triage corresponded to the exact ED episode; also excluded were children with
repeat visits during the study period (Figure 2). The sample population is described in Table
2. Raw outcomes and sensitivity and specificity are reported in Table 3.

Children found to be stable by PAT were 10 times more likely to be stable on final
assessment (LR- 0.12, 95% confidence interval [CI] 0.06-0.25) (Table 4). The PAT
predicted their category of pathophysiology: respiratory distress (LR+ 4, 95% CI 3.1-4.8),
respiratory failure (LR+ 12, 95% CI 4.0-37), shock (LR+ 4.2, 95% CI 3.1-5.6), central
nervous system/metabolic disorder (LR+ 7, 95% CI 4.3-11), and cardiopulmonary failure
(LR+ 49, 95% CI 20-120).

The PAT performed better as a tool to identify pathophysiology than to exclude it entirely.
The reliability of absence of findings to support absence of disease varied from reliable in
respiratory distress (LR- 0.1, 95% CI 0.08-0.2) to unreliable in respiratory failure (LR- 0.8,
95% CI 0.6-1.1). That is, we found that a negative test for a specific PAT category did not
reliably predict absence of an emergent condition (Table 4).
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Inter-rater reliability (IRR) (Table 5) showed substantial agreement for stability (Fleiss’ x =
0.7, P <.001). Specific categories of pathophysiology varied from fair agreement in shock
(Fleiss’ x = 0.32, P <.001) to substantial agreement in respiratory failure (Fleiss’ x = 0.74,
P <.001). IRR for respiratory distress was of borderline statistical significance (P =.08) in
our sample; IRR for cardiopulmonary failure was not performed because of its rarity in the
sample and the statistical limits of the calculation.

Discussion

In this prospective study, we found that the PAT accurately and reliably identifies acutely ill
or injured infants and children in triage, as evidenced by a low negative LR for instability.
Furthermore, the PAT reliably categorizes unstable children by pathophysiology as
evidenced by high positive LRs for disease, thus aiding in identifying priorities of
management. It therefore tends to “overtriage,” and it quickly identifies unstable children.
Positive findings for a specific category of pathophysiology are helpful, but the absence of
these findings for a given category does not rule out the condition. These performance
characteristics are consistent with established triage scales.

The American College of Emergency Physicians and ENA published task-force
recommendations (originally approved in 2003 and revised in 2010) to implement a
“reliable, valid five-level triage scale such as the Emergency Severity Index (ESI)”.%7 Other
examples of 5-level triage scores include the Canadian Triage and Acuity Scale, the
Manchester Triage Scale, and the Australasian (National) Triage Scale.8-10 These indices are
algorithmic and take into account whether the patient is in extremis, the clinical context of
presentation, the resources available, and vital signs.8-10 The aforementioned triage scales
have been applied successfully to adults and children and are appropriate tools to apply to a
broad population who present to the emergency department with a variety of signs and
symptoms.11

These methods all have the dual strength and weakness of relying to some degree on
symptomatology in triage. For example, eliciting a history in triage of a toxic ingestion
would duly prompt a higher level of acuity for the “well-appearing ill” patient (over the “ill-
appearing well” patient).12 Consonantly, a child may be unable to communicate his
symptoms fully and clinicians may rely heavily on parents’ perceptions when assigning a
triage category.13 History of present illness is important in triage but may not be complete or
forthcoming initially.12 This factor may cause a delay or barrier in the proper understanding
of the patient’s presentation and is problematic in the commonly used triage paradigms.

Haas!4 outlined the ideal performance characteristics of a triage tool: It should be simple to
use, accurate, rapid, reproducible, and discriminative to avoid potentially dangerous under-
triage while appropriately assigning higher priority to patients with higher acuity. Moll11
reported that any commonly used triage system is based on expert opinion of physicians and
ED nurses. This fact, in the high-acuity and high-uncertainty environment of the emergency
department,12 underscores the importance of the proper use of any triage tool: to inform, not
to decide.
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In 2000, the American Academy of Pediatrics published Pediatric Education for Prehospital
Providers, which introduced a new rapid assessment tool, called the Pediatric Assessment
Triangle (PAT), to determine a child’s clinical status and category of illness.1® The use of
the PAT in the emergency department was supported subsequently by the American College
of Emergency Physicians and the American Academy of Pediatrics in the Advanced
Pediatric Life Support course.1® The PAT is likewise included in the new version of the
American Heart Association’s Pediatric Advanced Life Support course, as well as the ENA
Emergency Nursing Pediatric Course.1”:18 Although the PAT is widely taught, this study is
the first to our knowledge to analyze the PAT quantitatively.

The PAT engages the clinician specifically in the visuall4 and auditory (and therefore
immediate) aspects of the initial evaluation. The PAT is not designed to be used as the sole
independent triage tool; rather, it is meant to augment the full clinical impression. The main
strength of the PAT is its ability to codify and communicate what would otherwise be
deemed a “gut feeling.”

This last point deserves specific attention. History, when available, is often obtained through
a third-party filter—the child’s caregiver. The child may be too young, frightened, or
disabled to respond to questions.1® Vital signs—the cornerstones of adult assessment (and
key to severity scores)—may be difficult to interpret because of age-based variation, lack of
sensitivity (blood pressure), or poor specificity (heart rate, respiratory rate).2:219 This
situation can complicate the goal of early recognition of and intervention in critical illness,
especially in infants and children, who may compensate for their condition before a
precipitous worsening in status.29-23 Furthermore, the PAT acts as a common language
among providers and serves as a consistent metric in assessment and reassessment of the
acutely ill or injured child.

LIMITATIONS

Due to missing exclusive patient and/or episode identifiers, as well as the goal to include
one visit per patient, 474 patients were dropped from the analysis. Although the magnitude
of excluded charts was not expected, this practice ensured certainty in matching the PAT
triage cards with their corresponding ED visits. In addition, the decision to include one visit
per patient avoids the possibility of confounding the dataset with repeated measures and
intra-subject considerations in analysis.242

To evaluate the PAT in triage, we used the assessment closest in time to the triage PAT—the
physician’s initial assessment. Although there is a potential lag time between triage
assessment and initial physician assessment, the majority of our patients are triaged and sent
to a room to be evaluated promptly by a physician or PNP. The triage and initial
physician/PNP assessment, although not simultaneous, were as “clinically concurrent” as
possible.

Since the sample of charts we reviewed was by design not representative of the population
(all PAT-based unstable charts and a subset of the PAT-based stable charts were reviewed),
we cannot report our findings in terms of positive predictive values or negative predictive
values, which depend on the incidence of disease. Instead, we chose to report our results in
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LRs, which are a reflection of the performance of the test itself (calculated from sensitivity
and specificity of the test). This procedure deemphasizes the population-based context (ie,
positive predictive values and negative predictive values) and emphasizes the patient-based
context (LR).

We did not meet our sample size requirement in the categories of respiratory failure and
cardiopulmonary failure, because of excluded charts and the relative rarity of those
conditions. Our study was not designed to evaluate children with congenital disorders or
special health-care needs, because their appearance is abnormal at baseline.26

IMPLICATIONS FOR EMERGENCY NURSES

Emergency nurses can rely on the PAT as an objective early warning of children in or at
high risk for clinical deterioration. It is especially helpful in cases when history and physical
examination are limited. Furthermore, the PAT serves as a common vocabulary between
health-care providers. A particularly powerful example of this benefit occurs in transfer of
care, when the provider can replace subjective comments regarding clinical status with
specific assessments of appearance, work of breathing, and circulation to the skin. The
addition of the general impression (category of pathophysiology) serves as an adjunct in the
communication of care and aids the receiving provider in determining reassessment and
management priorities.

Conclusion

The PAT performed well in identifying stability in triage as evidenced by a significant
negative likelihood ratio. Specific categories of pathophysiology varied in their strength of
positive and negative LRs, limiting the use of the PAT alone to exclude an emergent
condition. As a complement to established triage practices, the PAT can readily identify “red
flags” for disease, especially when history is unavailable or limited.
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FIGURE 1.
The Pediatric Assessment Triangle and its components.

J Emerg Nurs. Author manuscript; available in PMC 2015 February 05.

Page 9



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Horeczko et al.

1002 Reviewed Charts

474 missing exclusive

patient and/or

-~

N

Y

episode identifiers;
repeat visits

528 Exclusive Matches for
Analysis

58 Stable

290 Respiratory Distress

14 Respiratory Failure

109 Shock

49 CNS/Metabolic Disorder

il

11 CardiopulmonaryFailure

FIGURE 2.

Patient eligibility and enrollment. CNS Central nervous system.

J Emerg Nurs. Author manuscript; available in PMC 2015

February 05.

Page 10



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duasnuely Joyny Yd-HIN

Horeczko et al. Page 11

TABLE 1

Components of the Pediatric Assessment Triangle and the general impression

Appearance Work of breathing  Circulation to skin
Stable Normal Normal Normal
Respiratory distress Normal Abnormal Normal
Respiratory failure Abnormal Abnormal Normal
Shock Normal or Abnormal ~ Normal Abnormal
Central nervous system/metabolic disturbance ~ Abnormal Normal Normal
Cardiopulmonary failure Abnormal Abnormal Abnormal

Adapted from Dieckmann RA, Brownstein D, Gausche-Hill M, eds. Pediatric Education for Prehospital Professionals: PEPP Textbook. Sudbury,
MA: Jones & Bartlett Publishers; 2000.
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TABLE 2

Descriptive statistics of study patient population

N %
Total 528 100
Gender
Male 339 64
Female 189 36
Age
0to 6 mo 73 14
7to 12 mo 45 9
13 to 36 mo 170 32
3to5y 70 13
6t010y 123 23
11 through 13y 47 9
Emergency Severity Index triage level2
1 89 17
2 284 54
3 140 27
4 14 3
5 0 0
Ethnicity/race
African American 88 17
Asian 23 4
White 20 4
Hispanic 392 74
Other 4 1
Mode of arrival
Ambulance 57 11
Walk-in 278 53
Unknown 193 37
Assessed in
Triage 297 56
Room 50 9
Not specified 181 34
Disposition
Home 410 78
Ward 50 11
Step-down unit 16 3
Pediatric ICU 40 8
Transfer 3 1

aTriage level indicates 5-level Emergency Severity Index; 1 = highest (immediate life threat) and 5 = lowest (less urgent).

J Emerg Nurs. Author manuscript; available in PMC 2015 February 05.
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Test results, sensitivity, and specificity for Pediatric Assessment Triangle—defined category of illness

TABLE 3

N TP FP TN FN Sensitivity % 95% Cl  Specificity %  95% CI
Instability 58 292 178 50 8 97.3 94.6-98.8 22.9 17.0-30.0
Respiratory distress 290 224 66 216 22 91.1 86.6-94.2 76.6 71.1-81.3
Respiratory failure 14 3 11 505 9 25.0 6.7-57.2 97.9 96.1-98.9
Shock 109 20 89 412 7 741 53.4-88.1 82.2 78.5-85.4
CNS/metabolic disturbance 49 17 32 459 20 46.0 30.0-62.9 93.5 90.8-95.4
Cardiopulmonary failure 11 3 8 516 1 75.0 21.9-98.7 98.5 96.9-99.3

Page 13

Cl, Confidence interval; CNS central nervous system; FN, false negatives; FP, false positives; N, number of subjects; TN, true negatives; TP, true

positives.
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TABLE 4

Likelihood ratio performance for Pediatric Assessment Triangle—defined category of illness

N  Positive LR (LR+) 95% ClI Negative LR (LR-) 95% ClI
Instability 58 1.2 1.2-1.3 0.120 0.06-0.25
Respiratory distress 290 4.02 3.1-4.8 0.11b 0.078-0.17
Respiratory failure 14 12.07%** 3.7-36.7 0.80¢ 0.55-1.06
Shock 109 428 3156 0.320 0.17-0.60
CNS/metabolic disturbance 49 702 4.3-114 0.58 0.43-0.78
Cardiopulmonary failure 11 49.1¢  20.2-120.0 0.25C 0.046-1.39

Cl, Confidence interval; CNS central nervous system; LR, likelihood ratio.
aMeets LR+ 95% confidence threshold criterion (LR+ min = 2.8).
bMeets LR- 95% confidence threshold criterion (LR— max < 0.4).

C . .
Does not meet sample size requirement.
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Inter-rater reliability of chart review for components of Pediatric Assessment Triangle and category of

pathophysiology (N = 38; 3 raters)

TABLE 5

xa 95% ClI P value

Component

Appearance 0.70  0.51t00.88 <.001

Work of breathing 024 0t00.48 0.01

Circulation to skin 0.32 0t00.49 <.001
Category of pathophysiology

Stable 0.70  0.51t00.88 <.001

Respiratory distress 0.16 010 0.49 0.08

Respiratory failure 0.74 0to1.00 <.001

Shock 032 0to0.49 <.001
Central nervous system/metabolic disturbance  0.68 051t00.88 <.001
Cardiopulmonary failure N/AP  N/A N/A

aFleiss’ k coefficient: <0.00 poor; 0.00-0.20 slight; 0.21-0.40 fair; 0.41-0.60 moderate; 0.61-0.80 substantial; 0.81-1.00 almost perfect.4

N/A because of the rarity of the condition and limits of statistical calculation.
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