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Psychological Aspects of Anesthesia in Children

Perioperative behavior and postoperative pain incidence and importance

One of the important aims of pediatric anesthesia is to shepherd each child through 
the surgical procedure with the least possible mental and physical stress. Since its 
emergence in the 1940’s, the field of pediatric anesthesia has reached a high level of 
sophistication, with many novel anesthetic agents, locoregional techniques and patient 
monitoring tools that have been developed. Over the past two decades, the interest 
in the child’s perioperative behavior (anxiety, emergence delirium, postoperative be-
havior changes) within the field of pediatric anesthesia has increased considerably1-3. 
Correspondingly, the relevance of identifying vulnerable children, who are at elevated 
risk for such problems is beyond dispute3. What seems to be lacking still, however, is 
research into psychological aspects in this field, such as the influence of pre-existing 
emotional/behavioral problems on the child’s perioperative behavior. Children’s emo-
tional/behavioral problems that are already present before induction of anesthesia 
might have a considerable impact on the child’s psychological and somatic recovery 
and also on postoperative pain. Therefore, in this thesis emotional/behavioral problems 
will be studied as clinically relevant factors for the medical treatment of children being 
operated upon.

In the past decades, an increasing body of information was accumulated about chil-
dren’s perioperative behavior. Preoperative anxiety in children was shown to be associ-
ated with emergence delirium, negative postoperative behavior changes and sleeping 
problems4,5. Incidences up to 75% of children with significant anxiety at induction of an-
esthesia have been reported1,2,6,7. The incidence of emergence delirium in children varies 
between 2 - 80%, depending on the used assessment procedures and the diagnostic 
criteria8-10. Also negative postoperative behavior changes (such as separation anxiety, 
general anxiety, eating disturbances, apathy/withdrawal, sleep anxiety and aggression 
towards authority) are commonly seen in children after surgery with reported percent-
ages between 24% and 73%6,11.

Moreover increased perioperative anxiety is also associated with neuroendocrine 
changes (e.g. higher serum levels of cortisol, adrenocorticotropic hormone, epineph-
rine, natural killer cell activity)12,13. This interferes with wound healing and is related to 
postoperative immunosuppression.

Additionally, it is well established that increased children’s preoperative anxiety is associ-
ated with higher postoperative pain scores5,14. Furthermore, postoperative pain at home 
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is often underestimated and undertreated in children15 with reported incidences of sig-
nificant pain up to more than 50% the first days after surgery15. A negative maladaptive 
perioperative experience might also interfere with future medical contacts6,16,17, in the 
sense of anxious reactions to hospital equipment, medical procedures or non-adherence 
to medical (follow-up) consultations or treatment.

Finally, the child’s state anxiety will challenge the social and communicative skills of the 
whole anesthesia team2.

Preoperative preparation of children

Nowadays, when preparing children for a surgical procedure, a lot of attention is paid 
to preventing and alleviating preoperative anxiety during induction of anesthesia. Still, 
more than 75% of children are very anxious at induction1,7,18, notwithstanding phar-
macological treatments that are available19 to reduce anxiety, including midazolam, 
clonidine19, and dexmedetomidine20-22. Of note, children do not necessarily need pre-
medication or they (especially toddlers) may even react adversely to it6,19,23-25.

Many non-pharmacological interventions have been developed to reduce children’s 
preoperative anxiety26 such as streamed video clips27, cartoon distraction28, computer 
preparation29, web-based preparation30, music therapy31, clown doctors32,33 and paren-
tal presence at induction26. Also extensive psychological-behavioral programs1,26,34,35 
(including: distraction, video modelling, education, involving and coaching of parents, 
no excessive parental reassurance of the child, exposure /shaping of the child using an 
induction mask and support by a psychologist)34,35 have proven their efficacy. Recently, 
researchers stated that36 shaping/exposure by using an induction mask and distraction 
by parents significantly reduced the child’s anxiety at induction. So, parental presence 
appeared to be helpful. A recent Cochrane report, however, showed that parental 
presence at induction was not useful in reducing children’s anxiety at induction of 
anesthesia26. Nowadays, also modern tools such as virtual reality are available to reduce 
children’s anxiety. However, their efficacy has to be established.

Considering the above, more attention should be paid to identification of children at risk 
for perioperative emotional/behavioral problems18,37,38 in order to optimize children’s 
preparation for surgery. Preparation of children towards a surgical intervention under 
anesthesia is a very complex matter.

In the remainder of this chapter we will make a distinction between:
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•	 the period prior to the induction of anesthesia, focusing on preoperative anxiety;
•	 the period after surgery, focusing on emergence delirium, postoperative behavioral 

changes and sleep problems and postoperative pain at home.

Hereafter, the overall aim and the outline of the thesis will be described.

A.  Period prior to the induction of anesthesia: preoperative 
anxiety in children and parental involvement

Children’s preoperative anxiety and distress behavior was studied by Chorney et al39. 
They filmed children during their walk from the holding area towards the operating 
theatre and during induction of anesthesia. In a majority of children the following 
behaviors were observed: 1) crying or screaming (28.1 %); 2) verbal and nonverbal resis-
tance (53.6 %); 3) negative verbal emotional expressions (8.6 %). Acute distress behavior 
is especially seen in very young children (less than 3 years old). In comparison to adults, 
children show higher levels of preoperative anxiety and express their anxiety in a very 
marked or explicit behavioral sense2,39. Unlike adults, children often try to escape the 
anesthetic induction in up to 30% of cases39. The child’s state anxiety peaks at induction 
and steadily declines in the postoperative period 37.

1. Child specific predictors
Several predictors of child preoperative anxiety can be identified:
1)	 age of the child: children between 1-5 years are more at risk7;
2)	 low level of cognitive development1;
3)	 higher trait anxiety40,41;
4)	 a passive coping style6,42;
5)	 previous bad experience with medical encounters7,16;
6)	 emotional/behavioral problems were found to be predictive for anxiety at induction 

in a small sample of adolescents43;
7)	 parental anxiety7,44.

2. Assessment tools for preoperative anxiety
The assessment of the child’s state anxiety remains a challenge2. Kain et al published the 
modified Yale Perioperative Anxiety Scale (mYPAS) which was designed for researchers 
to assess child’s state anxiety in the preoperative period from the holding area onwards 
to the induction of anesthesia. The mYPAS is a well validated tool for use in children aged 
between 2 – 12 years, with good to excellent psychometric characteristics. It consists of 
five behavioral domains: activity, emotional expressivity, state of arousal, vocalization 
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and use of parents45. The mYPAS can be considered nowadays as the Gold Standard 
to measure state anxiety at induction of anesthesia in children. However, it requires 
training, is time-consuming, was not devised for parental completion and is difficult to 
incorporate in daily practice. Another very often used tool is the Induction Compliance 
Checklist (ICC)46. This is, however, a rather limited tool; it aims to assess state anxiety at 
induction by observing compliance of the child. Compliance and state anxiety, however, 
are different concepts47.

An easy-to-use tool for the assessment of preoperative anxiety is not available yet. It has 
been recommended that good anxiety assessment and management should be incor-
porated as a cornerstone of Family-centered Pediatric Perioperative Care14,48. There is a 
need for an easy-to-use anxiety assessment tool, which requires no training and is suited 
for a broad age-range, including non-verbal young children. In order to incorporate 
anxiety assessment into Family-centered Pediatric Perioperative Care14,48 it is important 
that not only anesthesiologists but also parents can quickly complete such a tool in a 
busy clinical setting. An advantage of letting parents complete a Visual Analogue Scale 
(VAS), is that it requires them to focus on and be aware of their children’s anxiety level.

Therefore, in the present thesis, a VAS to assess perioperative anxiety in children was in-
vestigated. With the VAS we aim to assess state anxiety throughout the entire periopera-
tive period for children from a broad age-range, including young non-verbal children14.

Perioperative parental involvement

Not only children but also parents may find the surgery of their child a stressful experi-
ence49. Parents may become very anxious when their child undergoes a surgical inter-
vention under anesthesia50. This is reflected by physiological changes such as increased 
heart rate, heart rate variability, blood pressure and skin conductance51,52. Parents are 
also often very motivated to be present at induction49,53. Several studies have shown 
that parents with a high desire to be present at the anesthesia induction of their child 
are very anxious49,53. High levels of parental state and trait anxiety (situational anxiety 
and a more general anxiety disposition) have been identified as important risk factors 
for children’s preoperative anxiety6,7,11,49. Parental anxiety may even intensify the child’s 
perioperative state anxiety49. Therefore, it is of utmost importance to prepare parents 
to decrease parental anxiety, when they accompany their child during induction of 
anesthesia. Preparing parents may also increase their feeling of self-efficacy and trust 
in their role in the operating room54. This can help to decrease their children’s anxiety at 
induction.
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B.  Period after surgery: emergence delirium, postoperative 
behavioral changes, sleep problems and postoperative pain at 
home.

Emergence delirium

1.  Definition
Emergence Delirium (ED) has been defined as: a disturbance in a child’s awareness of and 
attention to his or her environment with disorientation and perceptual alterations including 
hypersensitivity to stimuli and hyper-active motor behavior in the immediate post-anesthe-
sia period8,10. The incidence of ED in children varies widely between 2 - 80%, depending 
on the assessment system and the anesthetic technique used8-10. It most often occurs 
during awakening from anesthesia in the Post Anesthesia Care Unit (PACU)40,55. Although 
ED is mostly of short duration, it should not be underestimated for the following rea-
sons: possible physical hazards for children (i.e. injury surgical wound repair), elevated 
anxiety in children and parents, extra workload for nurses (constant supervision) and 
professional feeling of guilt for the healthcare provider8 resulting from seeing the child 
agitated.

2.  Predictors
The following risk factors for ED55 can be distinguished:
1)	 preschool age56;
2)	 higher incidence for ear nose throat and eye surgery40,57;
3)	 anesthesia related factors (new inhalation anesthetics: sevoflurane & desflurane give 

rise to a higher incidence)9,58;
4)	 experience of previous surgery59;
5)	 state anxiety child / parent60;
6)	 psychological factors in relation to the child (i.e. low adaptability to novel situa-

tions)59.

Furthermore, it should be stated that some of the predictors which contribute to 
preoperative anxiety are the same for ED, which implies that there may be a common 
underlying psychological cause.

3.  Assessment tools
Sikich et al8 published the Pediatric Anesthesia Emergence Delirium scale (PAED), a well 
validated scale with good intra-observer reliability, internal consistency and with a cut-
off value to establish ED. Nevertheless, it is extremely complicated to assess behavior 
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during awakening from anesthesia, since anxiety, pain, discomfort and ED are interre-
lated and can easily be confused60,61.

Postoperative behavioral changes and sleep problems

Undergoing anesthesia and surgery can have a profound impact on the psychological 
well-being of the child, with negative postoperative behavioral changes and changes in 
sleep pattern (problems falling asleep, staying asleep and waking up crying) as a conse-
quence5,6,11,62,63. Among the changes that may occur in children after undergoing anes-
thesia are changes in sensory processing. Sensory processing is how children perceive, 
modulate and self-regulate sensory information (auditory, visual, tactile, vestibular and 
oral) and how it might influence their behavior (attention, arousal, affect and action). 
Therefore in this thesis we studied sensory processing.

In previous research the following predictors were found to be associated with mal-
adaptive postoperative behavioral functioning at home
1)	 preoperative state anxiety, distress1,4-6,60;
2)	 younger age6;
3)	 inhibited temperament64,65;
4)	 pre-existing internalizing problems (anxious/depressed and somatic problems) and 

quality of previous medical contacts2,6,11,65;
5)	 parental factors such as parental state/trait anxiety, cultural aspects, socio-economic 

status and level of education6,11,62,66.

However, to the best of our knowledge, changes in in sensory processing have not been 
investigated in this context before. Therefore, we investigated pre- to postoperative 
changes in sensory processing, since insight in these changes might be a useful contri-
bution to explain observed postoperative behavioral changes.

To evaluate the sensory processing skills of young children we used the Infant Toddler 
Sensory Profile (ITSP6-36)67. It assesses different aspects of sensory processing skills and 
modulating sensory input of toddlers and covers 5 processing sections: 1. auditory; 2. 
visual; 3. tactile; 4. vestibular; 5. oral sensory.

Furthermore, sleep problems in children in pain conditions often occurs after surgery. 
However, sleep problems have not been thoroughly investigated despite the fact that 
they are very common5,63,68. There is no wide variety of validated assessment tools re-
garding the assessment of postoperative sleep problems in children68. Therefore, in our 
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study we used some of the questions of the Posthospitalization Behavior Questionnaire 
(PHBQ)69 related to sleep problems.

Pain after surgery at home

1.  Prevalence of postoperative pain in children
Significant postoperative pain has been reported to occur in up to 80% of all children15,62,70. 
A possible explanation for this phenomenon is that nowadays pediatric surgery is often 
performed on a day-case basis71. Consequently, parents become responsible for their 
child’s pain management at home. Research shows that postoperative pain manage-
ment by parents for children at home is often insufficient15.

2.  Predictors of postoperative pain in children
Parents are quite capable to recognize their child’s pain. However, several predictors 
influence parental pain management of their child62,72,73 and children’s postoperative 
pain at home15 such as:
•	 parental personality characteristics;
•	 parental anxiety;
•	 parental level of education;
•	 cultural factors;
•	 parental misconceptions62,72,73.

Parents can have the following misconceptions about pain medication74:
1)	 52% believe that analgesics are addictive;
2)	 73% have concerns about side effects;
3)	 37% even believe that analgesics work better the less often children receive them75. 

Parents often do not expect that their child can have a persistent level of pain76.

Among child-related factors influencing children’s postoperative pain are:
•	 children’s higher levels of preoperative anxiety5,14;
•	 children’s postoperative pain anxiety77;
•	 children’s refusal to take the medication78.

Finally, ineffective medication and hospital related organizational system factors, such 
as insufficient information at discharge and poor communication from health care pro-
fessionals15, may contribute to children’s postoperative pain.
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3.  Assessment tools
As far as we know, the only well validated assessment tool for parents to rate their chil-
dren’s pain at home is the Parents’ Postoperative Pain Measure (PPPM)79, developed for 
children aged from 1 to 12 years. The PPPM has been recommended 68 and it is proven 
that the PPPM has a good specificity (80%) and sensitivity (88%) to detect children with 
postoperative pain79.

Rationale

As outlined in the previous sections, several aspects of children’s perioperative behavior 
have been studied so far: preoperative situational state anxiety, ED, postoperative mal-
adaptive behavior changes and pain. Important associations between these variables 
were found, showing that the child’s state anxiety at induction might be related to ED, 
postoperative pain and negative postoperative behavioral changes4.

Still, there are important gaps in the current knowledge about these perioperative 
behaviors, gaps which provide the rationale for this study. Firstly, most studies focus on 
prevention or control of preoperative anxiety and do not focus on identifying vulnerable 
children regarding maladaptive perioperative behavior. Secondly, there is insufficient 
knowledge regarding children’s pre-existing emotional/behavioral problems in rela-
tion to these perioperative behaviors (anxiety, ED, changes in sensory processing) and 
postoperative pain. Therefore, we wanted to study these associations. Furthermore 
assessing pre-existing emotional/behavioral problems with an assessment tool like the 
CBCL might create an opportunity to tailor anxiety reducing strategies to the specific 
needs of each child. Thirdly, the study of changes in sensory processing might create a 
new opportunity for understanding postoperative behavioral changes in children.

Moreover, it would be relevant to study the overall impact of predictors of perioperative 
and postoperative behaviors. So far, predictors of these behaviors have mostly been 
studied separately.

Indeed a pilot study in adolescents43 showed that pre-existing preoperative emotional/
behavioral problems were predictive for state anxiety during induction. The same au-
thors further concluded in another study that specific child factors like pre-existing in-
ternalizing problems (anxious/depressed and somatic problems) predicted maladaptive 
postoperative behavior (general postoperative anxiety)65.
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For this reason we hypothesized that pre-operative emotional/behavioral problems as 
assessed with the Child Behavior Checklist (CBCL)80,81, a well validated international tool, 
could be associated with different aspects of perioperative behavior. Broadening our 
understanding of predictors of perioperative anxiety should make it possible to identify 
children at risk and may create an opportunity to optimize the children’s psychological 
preparation for surgery.

A final motivation for this study is the fact that the role of the parents in assessing and 
managing children’s preoperative anxiety has received scant attention. We consider it to 
be important that parents become aware that their child is significantly anxious and that 
their child will consequently be more vulnerable to postoperative maladaptive behavior 
and higher pain scores. So far, studies focusing on children’s preoperative anxiety mainly 
focused on health care professionals, without an explicit role for the parents. Parents 
should be involved in the preparation of their child but they should also receive ad-
equate information (such as audiovisual aids) which in turn would lead to less parental 
state anxiety.

Therefore, we considered it of interest to investigate an easy-to-use tool to assess chil-
dren’s state anxiety during induction of anesthesia, which can be completed by both 
parents and anesthesiologists without the need for training and which is also useful in 
the non-verbal younger age group of children.

Aims

The overall aim of this thesis is to gain greater understanding of psychological aspects 
of anesthesia in children. The sub-aims include: 1) to examine associations between 
pre-existing emotional/behavioral problems in children and specific children’s peri- and 
postoperative behaviors; 2) to explore the validity of a new, easy-to-use anxiety assess-
ment tool at induction of anesthesia; 3) to explore the usefulness of an audio-visual tool 
for decreasing parental anxiety at induction of anesthesia.

Research questions

The main research questions of this thesis considering preoperative anxiety are three-
fold:
1.	 Do preoperative emotional/behavioral problems predict anxiety during induction 

and ED after anesthesia in children undergoing elective day-care surgery?

Introduction 11



2.	 Does the Visual Analogue Scale completed during induction of anesthesia (VAS-I) 
represent a valid instrument for measuring the child’s state anxiety during induction 
and what are optimal cut-off values on the VAS-I to distinguish between anxious and 
non-anxious children?

3.	 What is the impact of audiovisual aid (AVA) on parental state anxiety and the child’s 
compliance and anxiety at induction of anesthesia?

Regarding postoperative behavioral changes and postoperative pain the research ques-
tions are twofold:
1.	 Are there any pre- to postoperative changes in sensory processing in toddlers after 

pediatric anesthesia using the validated Infant/Toddler Sensory Profile (ITSP6-36) and 
is it possible to identify predictors of these changes?

2.	 What is the degree of postoperative pain and postoperative sleep problems found 
in children aged between 1.5 and 5 years old undergoing adenotonsillectomy and 
what is the influence of children’s preoperative emotional/behavioral problems on 
postoperative pain?

The structure of the present thesis

In chapter 2 we examine the predictive value of the child’s emotional/behavioral prob-
lems as to their level of anxiety at induction of anesthesia and ED at awakening in the 
PACU. Chapter 3 provides evidence for the usefulness of a VAS to assess anxiety at induc-
tion by parents and anesthesiologists. In chapter 4 we investigate the specific influence 
of preoperative information towards parents, provided by means of an audio-visual tool, 
on parental state anxiety at induction of their child’s anesthesia. In chapter 5 we look 
into pre- to postoperative changes in infants’ sensory processing up to two weeks after 
surgery and further study the specific influence of emotional/behavioral problems on 
these changes. In chapter 6 we study the influence of the child’s emotional/behavioral 
problems on postoperative pain. Finally chapter 7 will provide a general discussion of 
the results of this present dissertation.

12 Erasmus Medical Center Rotterdam



References

	 1.	 Kain ZN, Caldwell-Andrews AA. Preoperative psychological preparation of the child for surgery: 
an update. Anesthesiol Clin North America 2005; 23: 597-614.

	 2.	 Davidson A, McKenzie I. Distress at induction: prevention and consequences. Curr Opin Anaes-
thesiol 2011; 24: 301-6.

	 3.	 Coté C.J. ea: Practice of Anesthesia for Infants and children. Philadelphia: Elsevier, [1986], 2018 
online version, 2019 (6th edition), p. 25-34.

	 4.	 Kain ZN, Caldwell-Andrews AA, Maranets I, et al. Preoperative anxiety and emergence delirium 
and postoperative maladaptive behaviors. Anesth Analg 2004; 99: 1648-54.

	 5.	 Kain ZN, Mayes LC, Caldwell-Andrews AA, et al. Preoperative anxiety, postoperative pain, and 
behavioral recovery in young children undergoing surgery. Pediatrics 2006; 118: 651-8.

	 6.	 Kain ZN, Mayes LC, O’Connor TZ, et al. Preoperative anxiety in children. Predictors and outcomes. 
Arch Pediatr Adolesc Med 1996; 150: 1238-45.

	 7.	 Davidson AJ, Shrivastava PP, Jamsen K, et al. Risk factors for anxiety at induction of anesthesia in 
children: a prospective cohort study. Pediatr Anesth 2006; 16: 919-27.

	 8.	 Sikich N, Lerman J: Development and psychometric evaluation of the pediatric anesthesia emer-
gence delirium scale. Anesthesiology 2004; 100: 1138-45.

	 9.	 Dahmani S, Stany I, Brasher C, Lejeune C, et al. Pharmacological prevention of sevoflurane- and 
desflurane-related emergence agitation in children: a meta-analysis of published studies. Br J 
Anaesth 2010; 104: 216-23.

	 10.	 Aldecoa C, Bettelli G, Bilotta F, et al. European Society of Anaesthesiology evidence-based and 
consensus-based guideline on postoperative delirium. Eur J Anaesthesiol 2017; 34: 192-214.

	 11.	 Stargatt R, Davidson AJ, Huang GH, et al. A cohort study of the incidence and risk factors for 
negative behavior changes in children after general anesthesia. Pediatr Anesth 2006; 16: 846-59

	 12.	 Fell D, Derbyshire DR, Maile CJ, et al. Measurement of plasma catecholamine concentrations. An 
assessment of anxiety. Br J Anaesth 1985; 57: 770-4.

	 13.	 Ader R, Cohen N, Felten D: Psychoneuroimmunology: interactions between the nervous system 
and the immune system. Lancet 1995; 345: 99-103.

	 14.	 Bringuier S, Dadure C, Raux O, et al. The perioperative validity of the visual analog anxiety scale in 
children: a discriminant and useful instrument in routine clinical practice to optimize postopera-
tive pain management. Anesth Analg 2009; 109: 737-44.

	 15.	 Dorkham MC, Chalkiadis GA, von Ungern Sternberg BS, et al. Effective postoperative pain 
management in children after ambulatory surgery, with a focus on tonsillectomy: barriers and 
possible solutions. Pediatr Anesth 2014; 24: 239-48.

	 16.	 Proczkowska-Bjorklund M, Gustafsson PA, Svedin CG. Children’s play after anaesthesia and sur-
gery: background factors and associations to behaviour during anaesthetic induction. J Child 
Health Care 2010; 14: 170-8.

	 17.	 Kain ZN, Wang SM, Mayes LC, et al. Distress during the induction of anesthesia and postoperative 
behavioral outcomes. Anesth Analg 1999; 88: 1042-7.

	 18.	 Beringer RM, Greenwood R, Kilpatrick N. Development and validation of the Pediatric Anesthesia 
Behavior score--an objective measure of behavior during induction of anesthesia. Pediatr Anesth 
2014; 24: 196-200.

	 19.	 Rosenbaum A, Kain ZN, Larsson P, et al. The place of premedication in pediatric practice. Pediatr 
Anesth 2009; 19: 817-28.

Introduction 13



	 20.	 Pasin L, Febres D, Testa V, et al. Dexmedetomidine vs midazolam as preanesthetic medication in 
children: a meta-analysis of randomized controlled trials. Paediatr Anaesth 2015; 25: 468-76.

	 21.	 Sun Y, Lu Y, Huang Y, Jiang H. Is dexmedetomidine superior to midazolam as a premedication in 
children? A meta-analysis of randomized controlled trials. Paediatr Anaesth 2014; 24: 863-74.

	 22.	 Li BL, Ni J, Huang JX, Zhang N, et al. Intranasal dexmedetomidine for sedation in children under-
going transthoracic echocardiography study - a prospective observational study. Pediatr Anesth 
2015; 25: 891-6.

	 23.	 Kain ZN, MacLaren J, McClain BC, et al. Effects of age and emotionality on the effectiveness of 
midazolam administered preoperatively to children. Anesthesiology 2007; 107: 545-52.

	 24.	 Finley GA, Stewart SH, Buffett-Jerrott S, et al. High levels of impulsivity may contraindicate mid-
azolam premedication in children. Can J Anaesth 2006; 53: 73-8.

	 25.	 Stewart SH, Buffett-Jerrott SE, Finley GA, et al. Effects of midazolam on explicit vs implicit memory 
in a pediatric surgery setting. Psychopharmacology (Berl) 2006; 188: 489-97.

	 26.	 Manyande A, Cyna AM, Yip P, et al. Non-pharmacological interventions for assisting the induction 
of anaesthesia in children. Cochrane Database Syst Rev 2015: CD006447.

	 27.	 Mifflin KA, Hackmann T, Chorney JM. Streamed video clips to reduce anxiety in children during 
inhaled induction of anesthesia. Anesth Analg 2012; 115: 1162-7.

	 28.	 Lee J, Lim H, Son JS, et al: Cartoon distraction alleviates anxiety in children during induction of 
anesthesia. Anesth Analg 2012; 115: 1168-73.

	 29.	 Campbell C, Hosey MT, McHugh S. Facilitating coping behavior in children prior to dental general 
anesthesia: a randomized controlled trial. Pediatr Anesth 2005; 15: 831-8.

	 30.	 Kain ZN, Fortier MA, Chorney JM, et al. Web-based tailored intervention for preparation of parents 
and children for outpatient surgery (WebTIPS): development. Anesth Analg 2015; 120: 905-14.

	 31.	 Kain ZN, Caldwell-Andrews AA, Krivutza DM, et al. Interactive music therapy as a treatment for 
preoperative anxiety in children: a randomized controlled trial. Anesth Analg 2004; 98: 1260-6.

	 32.	 Vagnoli L, Caprilli S, Messeri A. Parental presence, clowns or sedative premedication to treat 
preoperative anxiety in children: what could be the most promising option? Pediatr Anesth 2010; 
20: 937-43

	 33.	 Vagnoli L, Caprilli S, Robiglio A, et al. Clown doctors as a treatment for preoperative anxiety in 
children: a randomized, prospective study. Pediatrics 2005; 116: e563-7.

	 34.	 Cuzzocrea F, Gugliandolo MC, Larcan R, et al. A psychological preoperative program: effects on 
anxiety and cooperative behaviors. Pediatr Anesth 2013; 23: 139-43.

	 35.	 Kain ZN, Caldwell-Andrews AA, Mayes LC, et al. Family-centered preparation for surgery improves 
perioperative outcomes in children: a randomized controlled trial. Anesthesiology 2007; 106: 
65-74.

	 36.	 Fortier MA, Blount RL, Wang SM, et al. Analysing a family-centred preoperative intervention 
programme: a dismantling approach. Br J Anaesth 2011; 106: 713-8.

	 37.	 Fortier MA, Del Rosario AM, Martin SR, et al. Perioperative anxiety in children. Pediatr Anesth 
2010; 20: 318-22.

	 38.	 Ashbury T, Milne B, McVicar J, et al. A clinical tool to predict adverse behaviour in children at the 
induction of anesthesia. Can J Anaesth 2014; 61: 543-50.

	 39.	 Chorney JM, Kain ZN. Behavioral analysis of children’s response to induction of anesthesia. Anesth 
Analg 2009; 109: 1434-40.

	 40.	 Dahmani S, Mantz J, Veyckemans F. Case scenario: severe emergence agitation after myringotomy 
in a 3-yr-old child. Anesthesiology 2012; 117: 399-406.

14 Erasmus Medical Center Rotterdam



	 41.	 Kain ZN, Mayes LC, Caramico LA. Preoperative preparation in children: a cross-sectional study. J 
Clin Anesth 1996; 8: 508-14.

	 42.	 LaMontagne LL, Hepworth JT, Johnson BD, et al. Children’s preoperative coping and its effects on 
postoperative anxiety and return to normal activity. Nurs Res 1996; 45: 141-7.

	 43.	 Fortier MA, Martin SR, Chorney JM, et al. Preoperative anxiety in adolescents undergoing surgery: 
a pilot study. Pediatr Anesth 2011; 21: 969-73.

	 44.	 Bevan JC, Johnston C, Haig MJ, et al. Preoperative parental anxiety predicts behavioural and 
emotional responses to induction of anaesthesia in children. Can J Anaesth 1990; 37: 177-82.

	 45.	 Kain ZN, Mayes LC, Cicchetti DV, et al. The Yale Preoperative Anxiety Scale: how does it compare 
with a “gold standard”? Anesth Analg 1997; 85: 783-8.

	 46.	 Kain ZN, Mayes LC, Wang SM, et al. Parental presence during induction of anesthesia versus seda-
tive premedication: which intervention is more effective? Anesthesiology 1998; 89: 1147-56.

	 47.	 Sadhasivam S, Cohen LL, Hosu L, et al. Real-time assessment of perioperative behaviors in children 
and parents: development and validation of the perioperative adult child behavioral interaction 
scale. Anesth Analg 2010; 110: 1109-15.

	 48.	 Chorney JM, Kain ZN. Family-centered pediatric perioperative care. Anesthesiology 2010; 112: 
751-5.

	 49.	 Caldwell-Andrews AA, Kain ZN, Mayes LC, et al. Motivation and maternal presence during induc-
tion of anesthesia. Anesthesiology 2005; 103: 478-83.

	 50.	 Vessey JA, Bogetz MS, Caserza CL, et al. Parental upset associated with participation in induction 
of anaesthesia in children. Can J Anaesth 1994; 41: 276-80.

	 51.	 Kain ZN, Caldwell-Andrews AA, Mayes LC, et al. Parental presence during induction of anesthesia: 
physiological effects on parents. Anesthesiology 2003; 98: 58-64.

	 52.	 Arai YC, Ueda W, Ushida T, et al. Increased heart rate variability correlation between mother and 
child immediately pre-operation. Acta Anaesthesiol Scand 2009; 53: 607-10.

	 53.	 Fortier MA, Gomez SH, Kain A. Motivation and parental presence during induction of anesthesia: 
an examination of the role of ethnicity and language. Pediatr Anesth 2012.

	 54.	 Bailey KM, Bird SJ, McGrath PJ, et al. Preparing Parents to Be Present for Their Child’s Anesthesia 
Induction: A Randomized Controlled Trial. Anesthesia & Analgesia 2015; 121: 1001-1010.

	 55.	 Dahmani S, Delivet H, Hilly J. Emergence delirium in children: an update. Curr Opin Anaesthesiol 
2014; 27: 309-15.

	 56.	 Aono J, Ueda W, Mamiya K, et al. Greater incidence of delirium during recovery from sevoflurane 
anesthesia in preschool boys. Anesthesiology 1997; 87: 1298-300.

	 57.	 Vlajkovic GP, Sindjelic RP. Emergence delirium in children: many questions, few answers. Anesth 
Analg 2007; 104: 84-91.

	 58.	 Kuratani N, Oi Y. Greater incidence of emergence agitation in children after sevoflurane anesthe-
sia as compared with halothane: a meta-analysis of randomized controlled trials. Anesthesiology 
2008; 109: 225-32.

	 59.	 Voepel-Lewis T, Malviya S, Tait AR. A prospective cohort study of emergence agitation in the 
pediatric postanesthesia care unit. Anesth Analg 2003; 96: 1625-30.

	 60.	 Mason KP. Paediatric emergence delirium: a comprehensive review and interpretation of the 
literature. Br J Anaesth 2017; 118: 335-343.

	 61.	 Locatelli BG, Ingelmo PM, Emre S, et al. Emergence delirium in children: a comparison of sevo-
flurane and desflurane anesthesia using the Paediatric Anesthesia Emergence Delirium scale. 
Pediatr Anesth 2013; 23: 301-8.

Introduction 15



	 62.	 Power NM, Howard RF, Wade AM, et al. Pain and behaviour changes in children following surgery. 
Arch Dis Child 2012; 97: 879-84.

	 63.	 Kain ZN, Mayes LC, Caldwell-Andrews AA, et al. Sleeping characteristics of children undergoing 
outpatient elective surgery. Anesthesiology 2002; 97: 1093-101.

	 64.	 Kain ZN, Mayes LC, Weisman SJ, et al. Social adaptability, cognitive abilities, and other predictors 
for children’s reactions to surgery. J Clin Anesth 2000; 12: 549-54.

	 65.	 Fortier MA, Del Rosario AM, Rosenbaum A, et al. Beyond pain: predictors of postoperative mal-
adaptive behavior change in children. Pediatr Anesth 2010;

	 66.	 Fortier MA, Tan ET, Mayes LC, et al. Ethnicity and parental report of postoperative behavioral 
changes in children. Paediatr Anaesth 2013; 23: 422-8.

	 67.	 Dunn W, Daniels DB. Initial Development of the Infant/Toddler Sensory Profile. Journal of Early 
Intervention 2002; 25: 27-41.

	 68.	 McGrath PJ, Walco GA, Turk DC, et al. PedImmpact: Core outcome domains and measures for 
pediatric acute and chronic/recurrent pain clinical trials: PedIMMPACT recommendations. J Pain 
2008; 9: 771-83.

	 69.	 Vernon DT, Schulman JL, Foley JM. Changes in children’s behavior after hospitalization. Some 
dimensions of response and their correlates. Am J Dis Child 1966; 111: 581-93.

	 70.	 Fortier MA, MacLaren JE, Martin SR, et al. Pediatric pain after ambulatory surgery: where’s the 
medication? Pediatrics 2009; 124: 2008-3529.

	 71.	 Wolf AR. Tears at bedtime: a pitfall of extending paediatric day-case surgery without extending 
analgesia. Br J Anaesth 1999; 82: 319-20.

	 72.	 Fortier MA, Anderson CT, Kain ZN. Ethnicity matters in the assessment and treatment of children’s 
pain. Pediatrics 2009; 124: 378-80.

	 73.	 Zisk RY, Grey M, MacLaren JE, et al. Exploring sociodemographic and personality characteristic 
predictors of parental pain perceptions. Anesth Analg 2007; 104: 790-8.

	 74.	 Rony RY, Fortier MA, Chorney JM, et al. Parental postoperative pain management: attitudes, as-
sessment, and management. Pediatrics 2010; 125: 2009-2632.

	 75.	 Rony RY, Fortier MA, Chorney JM, et al. Parental postoperative pain management: attitudes, as-
sessment, and management. Pediatrics 2010; 125: e1372-8.

	 76.	 Stanko D, Bergesio R, Davies K, et al. Postoperative pain, nausea and vomiting following adeno-
tonsillectomy - a long-term follow-up. Pediatr Anesth 2013; 23: 690-6.

	 77.	 Page MG, Stinson J, Campbell F, et al. Pain-related psychological correlates of pediatric acute 
post-surgical pain. J Pain Res 2012; 5: 547-58.

	 78.	 Sutters KA, Savedra MC, Miaskowski C, et al. Children’s expectations of pain, perceptions of an-
algesic efficacy, and experiences with nonpharmacologic pain management strategies at home 
following tonsillectomy. J Spec Pediatr Nurs 2007; 12: 139-48.

	 79.	 Chambers CT, Finley GA, McGrath PJ, et al. The parents’ postoperative pain measure and extension 
to 2-6-year-old children. Pain 2003; 105: 437-43.

	 80.	 Achenbach T, Rescoria L: Manuel for ASEBA Preschool form & Profiles. Burlington, VT: University of 
Vermont, Research Center for Children, Youth & Families, 2000.

	 81.	 Achenbach T, Rescoria, L: Manual for the ASEBA school-age forms & profiles. Burlington, VT: 
University of Vermont, Research Center for Children, Youth & Families, 2001.

16 Erasmus Medical Center Rotterdam


