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Abstract

Aim: Emergence delirium (ED) is a frequent and challenging complication in children after general anesthesia. The Pediatric Anesthesia
Emergence Delirium (PAED) scale is widely used for its assessment, yet cultural adaptation is necessary. This study aimed to translate, adapt,
and evaluate the Tiirkiye version of the PAED scale.

Methods: A methodological study was conducted at Selcuk University between March and May 2025, including 373 pediatric patients aged
2-16 years (American Society of Anesthesiologists [ASA] I-Ill) undergoing elective surgery under general anesthesia. Exclusion criteria were
neurological, psychiatric, or developmental disorders, emergency surgery, or major complications. The PAED scale was adapted according to
Beaton'’s six-step framework and WHO/consensus-based standards for the selection of health measurement instruments (COSMIN) guidelines.
Two independent raters (an anesthesiologist and a post-anesthesia care unit [PACU] nurse) assessed each patient at recovery (TO) and 10
minutes later (T1). Internal consistency was measured with Cronbach’s a, inter-rater reliability with the intraclass correlation coefficient (ICC),
and the concordance correlation coefficient (CCC). Deming regression and Bland-Altman analyses were used to evaluate bias and agreement.

Results: The mean age was 7.46 + 3.89 years; 68% were male. Median surgery and anesthesia times were 30 and 40 minutes, respectively.
Cronbach's a at TO was 0.857 (Rater 1) and 0.817 (Rater 2), slightly decreasing at T1 (0.745 and 0.688). Inter-rater reliability remained
excellent (ICC > 0.90; CCC > 0.90). Regression and Bland-Altman analyses confirmed minimal bias and strong agreement.

Conclusion: The Tiirkiye PAED scale showed reliability and validity, with excellent inter-rater agreement and acceptable measurement error.
It provides a tool for assessing ED in Tiirkiye populations.
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Introduction

Emergence delirium (ED) is defined as an acute condition occurring
during recovery from general anesthesia in pediatric patients,
characterized by confusion, agitation, hallucinations, restlessness,
and inconsolable crying.'? It typically manifests within the first 30
minutes after anesthesia, often resolving spontaneously; however,
in some cases, symptoms may persist for up to 45 minutes, and
rarely even longer.* The reported incidence of ED in children ranges
between 2% and 80%, a variability largely attributed to differences
in diagnostic criteria, patient age groups, surgical types, and
anesthetic agents used.* Beyond posing safety risks for the child,
ED represents a challenging experience for both post-anesthesia
care unit (PACU) staff and family members.> Clinical intervention
may be necessary to ensure airway security, protect intravenous
lines, and prevent surgical site complications.'*

Several risk factors have been identified in the development of
ED. Rapid-acting inhalational agents, particularly sevoflurane,
are strongly associated with this phenomenon.®* Additionally,
high preoperative anxiety, age between 2 and 5 years, male sex,
insufficient analgesia, rapid induction, and abrupt emergence have
all been linked to an increased likelihood of ED.>> Other contributing
elements may include a child’s temperament, the type and duration
of surgery, and even cultural influences.>®

Accurate recognition and assessment of ED are crucial for both
clinical practice and research purposes. One of the most widely
applied instruments is the Pediatric Anesthesia Emergence Delirium
(PAED) scale, developed by Sikich and Lerman, which evaluates
five behavioral indicators. By quantifying symptom presence
and severity, the PAED scale supports clinical decision-making.
Nevertheless, certain items of the tool have been criticized for
limited specificity in distinguishing pain from delirium, highlighting
the need for repeated evaluations of its validity and reliability
across different populations.®

To date, the PAED scale has only been translated and culturally
adapted into a limited number of languages.”® The present study
aimed to translate the PAED scale into Tiirkiye and to adapt it for
cultural relevance and practical applicability.

Materials and Methods

Study Design and Participants

This methodological study was designed to evaluate the validity
and reliability of the Tirkiye version of the PAED scale. The study,
with written parental consent, was conducted in the Operating
Room Unit of the Anesthesiology and Reanimation Clinic at
Selcuk University between March and May 2025. A total of 385
pediatric patients aged 2-16 years, classified as American Society
of Anesthesiologists (ASA) Class I-lll, cognitively sound, and
undergoing elective surgery, were included in the study. Exclusion
criteria included developmental delay, neurological disorders,
severe psychiatric conditions, emergency procedures under general
anesthesia, occurrence of major postoperative complications,
need for postoperative mechanical ventilation, and preoperative
sedative administration.

PAED Scale and Assessment Procedure

The PAED scale is a five-item behavioral tool assessing delirium
after anesthesia in children: eye contact, purposeful actions,
awareness of surroundings, restlessness, and inability to be
consoled (5). Each item is rated from O to 4, yielding a total score
between 0 and 20, with scores =10 indicative of delirium. The
original version demonstrated an internal consistency of 0.89 and

reliability of 0.84 (95% Cl, 0.76-0.90).

Each child was assessed twice: once upon full recovery of
consciousness in the PACU (TO) and again at the 10th minute (T1).
Evaluations were conducted independently by two blinded raters
(an anesthesiologist and a PACU nurse).

Translation and Cross-Cultural Adaptation
The Tirkiye adaptation of the PAED scale followed the six-step
cross-cultural adaptation framework proposed by Beaton et al.

» Forward translation: Three anesthesiologists fluent in English
independently translated the scale into Tirkiye.

» Synthesis: The three versions were consolidated into a single
draft, with disagreements resolved by consensus under expert
supervision.

» Back translation: A bilingual English specialist, blinded to the
study purpose, back-translated the scale into English.

+ Expert committee review: All versions were reviewed to add-
ress ambiguities and ensure semantic and conceptual equiva-
lence.

» Pre-testing: The draft version was reviewed by three anest-
hesiologists from different hospitals to assess clarity, clinical
relevance, and comprehensibility.

« Finalization: Feedback from the pre-test phase was summari-
zed, integrated, and approved by all authors.

The adaptation process adhered to the World Health Organization
(WHO) guidelines on “Instrument Translation and Adaptation”
and the consensus-based standards for the selection of health
measurement instruments (COSMIN) checklist for cross-cultural
validation.'® Linguistic, semantic, and conceptual equivalence
were taken into account to ensure cultural appropriateness.
Minor linguistic adjustments were introduced after pilot testing
(n = 20), and an application guide was added to minimize scoring
inconsistencies.

Observer Training

Observers, consisting of anesthesiologists and PACU anesthesia
technicians with at least three years of experience, underwent
a one-week standardized training program on the PAED scale.
The training included theoretical sessions, video-based scoring
exercises, and independent evaluation of 20 non-study patients.
Interactive case discussions and practical scoring workshops were
held at the end of the training to enhance inter-rater consistency.

Data Collection

Sociodemographic characteristics (age, sex, height, weight) were
collected from parents, while surgical type, duration, anesthetic
technique, and anesthesia time were recorded by the attending
anesthesiologist in the PACU. The sample size was calculated to be
385, assuming a 5% margin of error, a 95% confidence level, and a
50% anticipated response rate.

Ethical Approval

This study was approved by the Ethics Committee of Selcuk
University (Date: 11.03.2025, Decision No: 05). The trial was
registered before patient enrollment at ClinicalTrials.gov
(Document Number: NCT06931249).

Statistical Analysis

Data were analyzed using R software (version 4.2.1; R Foundation
for Statistical Computing, Vienna, Austria; www.r-project.org). A
two-sided P value <0.05 was considered statistically significant.
Continuous variables were presented as mean + standard deviation
(SD) or median (min-max), while categorical data were summarized
as frequencies (n) and percentages (%).
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Internal consistency of the PAED scale was examined for each
rater using Cronbach’s alpha coefficients. A Cronbach a =0.70 was
considered acceptable, and =0.80 indicated good reliability."" Inter-
rater reliability was assessed using both the intraclass correlation
coefficient (ICC) and the concordance correlation coefficient
(CCQ). ICC values were calculated using a two-way random-
effects model with an absolute agreement definition, following the
recommendations of Shrout & Fleiss and Koo & Li.'*"* CCC, which
evaluates both accuracy and precision, was computed as described
by Ohyama.’ Reliability coefficients = 0.90 were interpreted as
excellent agreement.

To further explore measurement error between raters, Deming
regression was applied, reporting slope and intercept with 95%
confidence intervals to detect systematic or proportional bias.
Bland-Altman analysis was also conducted to assess agreement at
the individual level, with mean bias and 95% limits of agreement
(LoA) calculated and visually inspected.

Reporting Guidelines
This study was conducted and reported in accordance with the
STROBE guidelines.

Results

A total of 373 children with a mean age of 7.46 + 3.89 years
(range: 2-16 years) were included in the study, and 12 patients
were excluded. The cohort comprised 68% boys and 32% girls. The
majority of participants were classified as ASA | (80.2%), with fewer
cases in ASA 1l (18%) and ASA Il (1.9%). The median duration of
surgery was 30 minutes (range: 8-465), and the median anesthesia
duration was 40 minutes (range: 12-470). The mean PACU stay
was 22.61 + 5.97 minutes. PAED total scores increased from the
TO values of 5.79 + 3.37 (Rater 1) and 5.62 + 3.16 (Rater 2) to 9.79
+ 3.67 (Rater 1) and 9.82 + 3.37 (Rater 2) at T1 (Table 1).

Table 1. Characteristics of the Patients

Characteristics n =373

Age, mo 7.46 + 3.89 (1-16)
Sex (1/2) 254 (68)/119 (32)
Weight, kg 2824 + 15.51 (8-85)
Height, cm 131.83 + 25.07 (15-180)
ASA (I/11/111) 299 (80.2)/67 (18)/7 (1.9)
Surgical time, min 30 (8-465)
Anesthetic time, min 40 (12-470)

PACU time, min 22.61 £+ 597
PACU VAS at 10 min. 415+ 220

PAED total score at

baseline (Rater 1) 279 % 3.37

PAED total score at

baseline (Rater 2) 62+ 316

PAED total score at 10 min. 979 + 367
(Rater 1)

PAED total score at 10 min.

(Rater 2) 9.82 + 3.37

At TO, internal consistency of the PAED scale was good for both
raters (Cronbach’s a = 0.857 [95% Cl: 0.811-0.890, bootstrap]
for Rater 1 and 0.817 [95% Cl: 0.770-0.855, bootstrap] for Rater
2). At the 10-minute assessment, internal consistency showed a

slight decline (a = 0.745 [95% Cl: 0.682-0.793] for Rater 1 and
0.688 [95% Cl: 0.610-0.744] for Rater 2). Except for Rater 2 at 10
minutes, confidence intervals suggested reliability levels ranging
from acceptable to good.

Inter-rater agreement at TO was excellent (CCC = 0.905, 95%
Cl: 0.854-0.946; ICC = 0.906, 95% Cl: 0.883-0.926). Deming
regression yielded the equation y = 0.23 + 0.93x with a 95% Cl for
the slope of 0.87-0.98, indicating the absence of systematic bias
(Supplementary Figure 1).

At T1, agreement remained high (CCC = 0.914, 95% CI: 0.845-
0.962; ICC = 0.916, 95% Cl: 0.894-0.934). The Deming regression
linewasy = 0.89 + 0.91+x (slope 95% Cl: 0.86-0.95), demonstrating
proportional consistency between raters. Both CCC and ICC values
exceeding 0.90 confirmed very strong inter-rater reliability, and
regression analysis supported the absence of clinically relevant
systematic differences (Supplementary Figure 1). Bland-Altman
analysis showed minimal bias and mean differences close to
zero. At TO, mean bias was 0.169 (95% Cl: 0.032-0.303) with
LoA ranging from -2.600 to 2.938. At T1, bias was -0.035 (95%
Cl: -0.185 to 0.107) with LoA between -2.874 and 2.804. Most
differences fell within the 95% LoA, and plots indicated no
proportional bias. These results confirmed consistent and clinically
acceptable ratings by the two observers across both time points
(Supplementary Figure 2).

Discussion

This study represents the first Tiirkiye translation and cross-cultural
adaptation of the Pediatric Anesthesia Emergence Delirium (PAED)
scale, providing evidence of its validity and reliability in a pediatric
population. The high ICC and CCC values, strong TO Cronbach’s q,
and absence of systematic error in Deming regression and Bland-
Altman analyses align with findings from Spanish and Danish
validation studies. Collectively, these outcomes suggest that
the Turkiye PAED scale can be applied consistently by different
clinicians, supporting its role in clinical decision-making.

The incidence of ED in our cohort was 19.03%, closer to the lower
end of the 5-50% range commonly reported in the literature.’>"’
The Spanish adaptation reported an incidence of 9.1%, the Danish
version 13.2%, and a Saudi Arabian study 38.5%.”® Such variability
may be explained by differences in study populations, surgical
procedures, anesthetic practices, and cutoff thresholds. The
relatively low incidence in our study likely reflects the predominance
of elective, short-duration surgeries.

The PAED scale has been established as a valid tool for assessing
postoperative delirium in children, with the original validation
reporting internal consistency (Cronbach’'s a = 0.89) and inter-
rater reliability (ICC = 0.84). In our study, at TO, a values (0.857 for
Rater 1 and 0.817 for Rater 2) were comparable to the original,
while lower values at T1 (0.745 and 0.688) suggest a reduction in
temporal sensitivity. This may reflect the rapidly changing clinical
states of children in the PACU. Similarly, the Danish validation also
observed a “floor effect,” indicating that the PAED scale may be
less sensitive at certain postoperative time points.® Our findings
support this interpretation.

In the Spanish adaptation, kappa values ranged from 0.59 to
0.79, Cronbach’s a was 0.91, and inter-rater agreement ranged
from 96.9% to 97.9%.” These results are in line with our strong
CCC and ICC values (>0.90). The Danish study also demonstrated
high ICC values, supported by Bland-Altman plots showing good
agreement, sensitivity, and specificity in diverse clinical contexts.?
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Our regression and agreement analyses similarly indicated
minimal bias and robust consistency across raters, corroborating
the literature.

The strengths of our work include being the first Tiirkiye cultural
adaptation of the PAED scale, contributing novel data to
international literature, and demonstrating excellent inter-rater
agreement (CCC and ICC > 0.90) with no systematic bias. Moreover,
the good internal consistency observed at TO reinforces the scale’s
structural soundness for clinical use.

Limitations

There are some limitations in this study. First, the single-center
design restricts generalizability. Second, test-retest reliability was
not assessed, leaving uncertainty about consistency when applied
to the same patient at different times. Third, the sample largely
consisted of ASA I-Il patients undergoing elective surgery, which
may not reflect incidence rates in more complex or emergency
cases. The low rate of premedication use in our cohort may
further limit external applicability. Finally, discrepancies in cutoff
thresholds for ED across studies complicate direct comparison of
incidence rates.

Conclusion

This study successfully translated and culturally adapted the
PAED scale into Tirkiye, demonstrating its validity and reliability
for use in pediatric patients. The scale showed high inter-rater
agreement and was deemed suitable for clinical application. Its
validation will facilitate systematic recognition and management
of emergence delirium in children, as well as standardized data
collection for future research. Multicenter studies involving larger
and more diverse populations, along with assessments of test-
retest reliability, are warranted to strengthen the evidence base for
the use of the Turkiye PAED scale in pediatric anesthesia practice.
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