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Resumo

Introdugdo: Os anestésicos inalatérios sdo frequentemente a primeira escolha em anestesia
pediatrica. Literatura mais recente aponta vantagens para a anestesia total intravenosa (TIVA). O
objetivo deste trabalho foi comparar a qualidade do pés-operatério de criancas submetidas da

amigdalectomia sob TIVA versus anestesia por sevoflurano.

Materiais e Métodos: Estudo prospetivo observacional caso-controlo (Sevoflurano vs TIVA),
incluindo criangas submetidas a (adeno)amigdalectomia no CHUdSA, para comparacdo da
gualidade de anestesia considerando parametros intra e pds-operatérios. Recolha dos dados

através de registos clinicos, monitorizacdo anestésica e entrevista.

Resultados: Incluidas 52 criangas na anadlise, 25% intervencionadas sob TIVA. O grupo TIVA teve
menor tempo de reintroducdo de dieta liquida (42 minutos vs 95 minutos) (p<0.05), o grupo
sevoflurano teve uma variagdo da pressdo arterial média inferior (p=0.027). O tempo médio de
despertar foi semelhante para os dois grupos (11,3+6,2 minutos para TIVA e 11,6+5,3 minutos para
Sevoflurano). Na UCPA, o grupo TIVA apresentou, embora sem significancia estatistica, menor
tempo de permanéncia (40 minutos vs 41 minutos), menor delirium de emergéncia (7.7% vs 12.5%)
e menos nduseas e vomitos (0% vs 5.1%). As 24 horas, o grupo TIVA apresentou, embora sem
significancia estatistica, menos nduseas e vomitos (7.7% vs 13.5%), menos dor (69.2% com <5 na

escala numérica de dor vs 56.8%) e maior satisfagdo parental (10 vs 8).

Conclusao: Este estudo sugere que a TIVA para amigdalectomias poderd estar associada a melhor
qualidade de recobro. Porém, dada a amostra limitada deste estudo, o mesmo devera ser repetido

numa maior amostra para obter conclusGes mais robustas.

Palavras-chave: Anestesia; Pediatria; TIVA; Sevoflurano; Periodo pds-operatério



Abstract

Introduction: Inhalational anesthetics are often the first choice in pediatric anesthesia. The most
recent literature demonstrates possible advantages of total intravenous anesthesia (TIVA). The goal
of this study was to compare the postoperative quality in children submitted to tonsillectomy under

TIVA versus sevoflurane anesthesia.

Materials and Methods: Prospective observational case-control study (Sevoflurane vs TIVA)
including children submitted to (adeno)tonsillectomy at CHUdSA to compare the quality of
anesthesia considering intra and postoperative parameters. Data was collected from clinical

records, anesthetic monitoring and interviews.

Results: From the 52 children included, 25% received TIVA. The TIVA group had a shorter time for
liquid diet reintroduction (42 minutes vs. 95 minutes) (p<0.05) and the Sevoflurane group had a
lower mean blood pressure variation (p=0.027). Mean wake up time was similar for both (11.3+6.2
minutes for TIVA and 11.6%5.3 minutes for Sevoflurane). In PACU, TIVA group demonstrated,
although not statistically significant, a shorter time of stay (40 minutes vs. 41 minutes), less
emergence delirium (7.7% vs. 12.5%) and less nausea and vomiting (0% vs. 5.1%). At 24 hours, TIVA
group presented, although not statistically significant, less nausea and vomiting (7.7% vs 13.5%),
lower pain (69.2% with <5 on the numerical pain scale vs 56.8%) and higher parental satisfaction

(10 vs 8).

Conclusion: This study suggests that TIVA for tonsillectomy may be associated with better recovery
quality. However, given the limited sample size of this study, it should be repeated in a larger

sample for more robust conclusions.

Keywords: Anesthesia; Pediatrics; TIVA; Sevoflurane; Postoperative period
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Introduction

Pediatric anesthesia has its own specificities as the needs of infants and young children are
different from those of adults. It is imperative to know the pharmacokinetic and pharmacodynamic
principles in pediatric population to mitigate the risks of underdosing or toxicity.! The pediatric
population has an anesthetic risk significantly higher than adult surgical patients, the occurrence of
anesthesia-related fatal outcomes is 10 times higher in children.>® The estimated occurrence rate
of severe critical events during the perioperative period is 5.2% and respiratory related events, such
as laryngospasm, bronchospasm, bronchial aspiration, and post-anesthesia stridor are the most

frequent.*

Tonsillectomy (with or without adenoidectomy) is one of the most common surgical
procedures performed in children, representing a major impact on pediatric health care. The major
indications for tonsillectomy include airway obstruction, resulting in sleep-disordered breathing or
obstructive sleep apnea, and recurrent infection.” Airway management for tonsillectomy is
particularly challenging and the incidence of laryngospasm is higher than during other surgical
procedures.® Tonsillectomy can be executed by numerous techniques, the most common are the
cold tonsillectomy, monopolar cautery and coblation, using radiofrequency ablation. The first is the
most traditional and is associated with less postoperative pain. Monopolar cautery uses an
electrical current creating temperatures from 400 to 6002C, achieving minimal intraoperative
bleeding and reducing hemorrhage in the first 24 hours, while the coblation technique offers
coagulation benefits similar to those of monopolar cautery, using lower temperatures, leading to
less postoperative pain in comparison.” Complications associated with tonsillectomy occur with an
overall frequency of 19%® and include anesthesia-related side effects, such as laryngospasm and/or
bronchospasm, respiratory complications (the most frequent), followed by secondary and primary
hemorrhage. Other complications are dehydration, infection, burn injuries, temporomandibular
joint dysfunction and velopharyngeal insufficiency. Mortality post-tonsillectomy is a rare event.
Tonsillectomy is associated with significant pain and postoperative nausea and vomiting (PONV)

and other general issues in postoperative care include return to normal diet and activity.’

Inhalational anesthesia using sevoflurane and total intravenous anesthesia (TIVA) with
propofol are two techniques widely used to maintain anesthesia in pediatric patients undergoing
general anesthesia. However, discussion about the choice of the proper anesthesia technique

continues among anesthesiologists.°



Inhalational anesthetics are very commonly used in pediatric anesthesia because they are
effective, reliable, secure, easily administered, stable and without major end organ sequelae.!! They
are frequently used for both induction and anesthesia maintenance. Meanwhile, TIVA is becoming
an appealing option as it is probably an effective technique to maintain general anesthesia in

pediatric outpatient surgery and seems to increase parental satisfaction.®

General anesthesia may induce anesthesia-related adverse effects, such as emergence
delirium (ED), PONV, postoperative pain and short-term memory impairment. The quality of

recovery seems to be affected by the anesthetic.?

Regarding inhalational anesthesia, the mechanism of action of inhaled anesthetics is not
fully understood, although a current working hypothesis is that inhaled anesthetics intensify the
inhibitory activity of postsynaptic channels (gamma-aminobutyric acid (GABA) and glycine) and
restrain excitatory synaptic channel activity (nicotinic acetylcholine, serotonin and glutamate
receptors) in the central nervous system.® Sevoflurane has been described as the agent of choice
for mask induction in children, considering its lack of airway irritation, hemodynamic characteristics
and lower pungency. Moreover, the safety and efficacy of sevoflurane are well established. In
contrast, both desflurane and isoflurane are considered less suitable for anesthesia induction due

to airway irritation.'%°

Sevoflurane has the advantages of minimal airway irritation, rapid, simple and pain-free
induction by mask and quick recovery from anesthesia’'® On the other hand, sevoflurane affects
a variety of systems that can result in cardiovascular, central nervous system and respiratory side
effects, such as hypotension, cardiac depression and ventilatory depression.” Postoperative
adverse events associated with inhaled anesthetics include pain, PONV, headache, dizziness,

cognitive dysfunction and ED.Y’

TIVA techniques use propofol as the main drug for induction and maintenance of
anesthesia. Propofol is an intravenous anesthetic, it may be administered as a bolus or an infusion,
or some combination of the two. Its mechanism of action is related to the effects on GABA-

mediated chloride channels in the brain, enhancing the inhibitor effects of this neurotransmissor.®

According to recent studies, the use of TIVA seems to be associated with reduced PONV,
improved quality of emergence from anesthesia and reduced ED in children. Besides that, TIVA
anesthesia seems to be associated with overall reduced costs and reduced airway reactivity,
laryngospasm and bronchospasm.'**® Furthermore, the changes in airway reactivity facilitate
extubation and result in a minimal incidence of laryngospasm and stridor after extubation.? TIVA

permits out-of-operating room procedures to be safely performed.?>?? |n contrast, the
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disadvantages of TIVA in children include the need for venous access, pain on injection, a higher
risk of bacterial contamination, the need for specialized equipment (infusion pumps), risk of
associated metabolic phenomena and potential for disconnection with risk of awareness. Topical
anesthetic creams have helped minimize the discomfort of needle insertion.'>?2* The only
absolute indication to use TIVA over inhalational maintenance for anesthesia is when there is a risk
of malignant hyperthermia. There are several situations where it may be more challenging to use
TIVA in pediatrics. These include neonates and young infants, obese children and children that are

big for their age, due to their physiological differences. **

Among the most common complications in the immediate postoperative period after
tonsillectomy is the ED. It is common in preschool children undergoing general anaesthesia and
symptoms include agitation, hyperactivity with flailing movements, confusion, and failure to engage
with people and the surroundings.?® It usually begins at the start of emergence, but the onset can
be as long as 45 min after the termination of anaesthesia. While there are identifiable associations
with the condition that relates to patient, surgical, and anesthetic factors, the underlying causation
remains unknown. ED may be the consequence of other etiologies, including hypoxemia, pain,
bladder distension and nausea, causes that must be excluded, as it is a diagnosis of exclusion.
According to a study about ED in children, the use of propofol-remifentanil TIVA decreased the
incidence of ED compared with sevoflurane anesthesia, so there may be merit in modifying the

anesthesia technique in children with the highest risk.?

The primary goal of this study is to assess the quality of postoperative recovery after
anesthesia with TIVA and sevoflurane for tonsillectomy surgery in children, according to parameters
such as perioperative respiratory complications, postoperative pain, ED, PONV and other

postoperative outcomes.



Material and Methods

Study Design

The study was approved by the Hospital Board and Ethics Committee with the approval
number 2022.224(183-DEFI/186-CE) on December 14, 2022.

Written informed consent was collected by all legal representatives to participate in the
study, and an information leaflet about the study was explained to all children and legal

representatives, including the pain scales used to evaluate pain after surgery.

Observational, prospective case-control study (case: sevoflurane anesthesia, control: TIVA),
including all consecutive children between 4 and 10 years old, scheduled for elective
tonsillectomy/adenotonsillectomy surgery at Centro Hospitalar Universitario de Santo Anténio
/CHUdSA) (Centro Materno-Infantil do Norte (CMIN) and Centro Integrado de Cirurgia de
Ambulatério (CICA)) between 17t January 2023 and 3™ May 2023.

The surgical procedure selected for this study was tonsillectomy with or without
adenoidectomy, as it is a painful procedure, with a high incidence of postoperative pain, ED and
PONV, allowing comparison between the two anesthetic techniques in a more similar population.

The type of induction was not considered for the definition of the anesthetic technique.

No unnecessary procedures besides the ones required for surgery were performed to

obtain data for this study.

Inclusion criteria included all the consecutive children proposed for tonsillectomy with or
without adenoidectomy that had an American Society of Anesthesiologists (ASA) physical status of

1 or 2 (Appendix 1), between 4 and 10 years old.

Exclusion criteria included children with hypersensitivity to the used drugs, lack of parental
consent for the child’s participation in the study, inability of children to understand the pain scale

appropriate to their age and loss of data.
Ensuring confidentiality and anonymity, the following data were collected:

= Demographic data: age, sex, weight (kg), ASA physical status, co-morbidities, preoperative anxiety

(evaluated by Modified Yale Preoperative Anxiety Scale (mYPAS) (Appendix 2)).

= Surgical and anesthetic data: surgery regimen (day surgery, day surgery with overnight stay,

inpatient surgery), duration of surgery, type of anesthesia, maintenance general anesthetic,



duration of the anesthesia, time from end of surgery until end of anesthesia, type of induction,
parents present at induction, opioids administered (drugs and doses), intraoperative analgesia
administered (drugs and doses), PONV prophylaxis administered (drugs and doses), heart rate
(maximum and minimum), mean blood pressure (MBP) (maximum and minimum), perioperative

complications.
» Data related tothe postoperative period:

e At discharge from post-anesthetic care unit (PACU): Duration of stay in PACU (min),
drugs administered in PACU (drugs and doses), ED (Pediatric Anesthesia Emergence
Delirium (PAED) scale — observational scale (Appendix 3)), PONV (yes/no), pain at
discharge from PACU and maximum pain at PACU (Faces Scale (Appendix 4) from 4 to
6 years old and Numeric Scale (NS) (Appendix 5) from 7 to 10 years old), opioids
administered (drugs and doses).

e Related to the postoperative period up to 24h after surgery: The legal representatives
and children were interviewed by phone 24 hours after the surgery. The questionnaire
included: nausea (yes/no), vomiting (yes/no), pain at 24 hours after surgery (Faces Scale
(Appendix 4) from 4 to 7 years old and Numeric Scale (Appendix 5) from 7 to 10 years
old), parental satisfaction (0-10), reintroduction of liquids in the diet (hours).

e Postoperative data up to 3 weeks after surgery: we collected postoperative

complications up to ears nose and throat examination (ENT) reevaluation appointment.

The data were collected before, during and after the surgery, resorting to clinical records,

interviews with the legal representatives and anesthetic monitoring.

Data Analysis

We planned a study of independent cases and controls with 1  control(s) per
case. Considering the reported incidence in the literature of ED comparing sevoflurane anesthesia
with TIVA, prior data indicated that the probability of exposure among controls is 0,128, if the true
odds ratio for disease in exposed subjects relative to unexposed subjects is 4,99, we needed to
study 42 case patients and 42 control patients to be able to reject the null hypothesis that this odds
ratio equals 1 with probability (power) 0,8. The Type | error probability associated with this test of
this null hypothesis is 0,05. We used a continuity-corrected chi-squared statistic or Fisher’s exact

test to evaluate this null hypothesis.



Statistical evaluation was performed using the IBM® Statistical Package for the Social

Sciences (SPSS) data analysis software, version 26.

Results were obtained from the descriptive analysis of the population using the count and
percentage of ordinal and cardinal categorical variables and using the mean, standard deviation

(SD), median and interquartile range (IQR) of continuous variables (according to normality of data).

Parametric tests were made for the continuous variables that followed a normal
distribution and non-parametric tests were made for the variables that didn’t. Chi-square test and
Exact Fisher test were used to evaluate dichotomous variables. Relative risk and odds ratio were
used to test the impact of the case (sevoflurane) over control (TIVA) on the evaluated outcomes, a

95% confidence interval (Cl) was used.



Results

Among 66 eligible patients, 62 were included in the study and 52 were included in the data
analysis. The 10 children were excluded either due to the researchers' inability to access clinical
data or because of a delay in psychomotor development compromising outcomes evaluation. An
overview of the study selection process is presented in Figure 1. The study had to be terminated

due to time constraints despite the number of patients included.

Heart rate and time between end of surgery and anesthesia have a normal distribution, the
remaining continuous variables do not (according to the Kolmogorov-Smirnov test with Lilliefors
correction). However, due to the reduced sample size, non-parametric tests were applied to all

continuous variables.

The demographic data are shown in Table I. Median age was 5.0 years and most of the
patients were male (53.8%). Regarding ASA physical status, 53.8% of patients had a status of 2.
Most of the patients were submitted to surgery in an ambulatory regimen with overnight stay
(n=28; 53.8%) and most of the surgeries were performed at CICA (n=38; 73,1%). Considering the
sevoflurane group, most patients stayed overnight (n=22; 56.4%), while in the TIVA group, most
children had day surgery (n=7; 53.8%). TIVA technique was used in 25.0% (n=13) of patients and
maintenance with sevoflurane in 75.0% (n=39). The median duration of anesthesia was 71.5
minutes. Sevoflurane group had a median time of anesthesia of 72.0 minutes and the TIVA group
of 58.0 minutes. No significant differences were found between the two groups in sex ratio, age,
weight, surgical regimen, duration of anesthesia and induction technique. Conversely, we found a
significant difference in ASA physical status (p=0.001) and surgical technique (p=0.005), between
groups. Most patients from the TIVA group had an ASA physical status of 2 (n=12; 92.3%), while an
ASA physical status of 1 was more common in the sevoflurane group (n=23; 59.0%). The surgical
techniqgue most used in the sevoflurane group was the cold technique (n=34; 87.2%), coblation was
the most common in the TIVA group (n=7; 53.8%). No significant differences were found between

surgical technique and postoperative outcomes in our sample (p>0.05).

Preoperative anxiety evaluated through mYPAS showed a median score of 35.4. The median
score in the TIVA group was 34.4 and in the inhalation anesthesia group was 38.5. There are no
significant differences between the two groups regarding preoperative anxiety. All children

participating in the study had their parents present during induction of anesthesia.



Data related to the intraoperatively administered drugs are described in Table II. We found
a significant difference in median milligram per kilogram (mg/kg) of the intraoperative
administration of tramadol (p=0.002), lidocaine (p<0.001), ketamine (p<0.001) and
methylprednisolone (p=0.004). The TIVA group had a higher median dose for all drugs, except
tramadol, which was higher in the sevoflurane group. We did not find any statistically significant

difference in the dose per kg administration of other drugs.

Perioperative data are demonstrated in Table Ill. The mean time between the end of the
surgery and the end of the anesthesia was 11.5 (+5.5) minutes. Wake up time in the sevoflurane
group was 11.6(+5.3) minutes and in the TIVA group was 11.3(+6.2) minutes (p=0.532). The mean
heart rate variation was 34.5(+13.7) beats per minute and the median MBP variation was 21.0
mmHg. Looking at the two groups, we found that the mean heart rate variation in the TIVA group
was 36.8 (+14.9) beats per minute against 33.8 (+13.4) beats per minute in the sevoflurane group.
This difference was not statistically significant (p=0.732). The median MBP variation in the
sevoflurane group was 18.0 mmHg and in the propofol group was 26.0 mmHg. We found a
significant difference in MBP variation during anesthesia (p=0.027), being the TIVA group the one
that had a greater variation. We encountered solely one intraoperative complication, it was a
bleeding during the extubation period requiring bipolar coagulation and it occurred in the

sevoflurane group and the cold tonsillectomy technique was performed.

Data relative to the PACU are presented in Table Ill. The median time spent in PACU was
40.0 minutes; 40.0 minutes for the propofol group, which is less than the sevoflurane group (41.0
minutes). However, this difference in time until discharge from PACU was not statistically significant
(p=0.391). PONV frequency in PACU was 3.8% (n=2), both patients from the sevoflurane group. The
median pain experienced at discharge from PACU was 2 (NS) and the median of maximum pain
experienced was 4 (NS). Comparing the groups, median pain experienced at discharge from PACU
in the sevoflurane group was 2 (NS) and in the propofol group was 0 (NS). Considering the maximum
pain suffered in PACU, the median in the sevoflurane group was 6 (NS) and in the TIVA group was
2 (NS). There was no significant difference found between TIVA and sevoflurane groups regarding
postoperative pain in PACU, either maximum (p=0.193) or at discharge (p>0.999). ED, assessed by
PAED scale, had a global incidence of 11.1% (n=5) in our sample. Regarding type of anesthesia, in
the sevoflurane group 12.5% (n=4) of children experienced ED, while in the TIVA group only 7.7%
(n=1) presented ED. Administration of tramadol post-surgery was assessed and most of the
tramadol administration after surgery occurred in the sevoflurane group (n=7; 18.0%). We did not
document any statistical difference between the two groups considering postoperative tramadol

administration (p=0.662).



Table IV shows the result of the 24-hour post-surgery interview. At the 24-hour assessment,
12.0% (n=6) of the patients interviewed had PONV and 60.0% of children experienced pain at 24h
below 5(NS). The PONV incidence in the sevoflurane group was 13.5% (n=5) and in TIVA group 7.7%
(n=1). Regarding pain at 24 hours post-surgery, 69.2% (n=9) of children who received TIVA claimed
to have pain below 5 (NS) and this was affirmed by 56.8% (n=21) of children from the sevoflurane
group. However, there is no significant difference between the two groups (p=0.522). The median
time of liquid diet reintroduction was 60 minutes after surgery, when comparing TIVA and
sevoflurane, the TIVA group had a median time of liquid diet reintroduction of 42.0 minutes, and
the sevoflurane group had a median of 95.0 minutes. The TIVA group reintroduced the liquid diet
earlier, with a statistically significant difference (p=0.005) and a odds ratio (OR) of 0.191,
representing an 81.0% probability of an earlier diet reintroduction with TIVA vs sevoflurane
anesthesia. Concerning parental satisfaction, they reported a median satisfaction rating of 9, in the
sevoflurane group the median was 8 and in the TIVA group was 10. No statistical difference

regarding parental satisfaction was found (p=0.480).

Considering postoperative data up to 3 weeks after surgery, there were two postoperative
complications observed in the ENT reevaluation appointment. One of them, from the sevoflurane
group, was a hospitalization 24 hours after surgery due to complete aphagia. The other episode
was an emergency department visit prompted by a refusal to consume food and belonged to the

TIVA group.



Discussion

Inhalation anesthesia is widely acknowledged by the majority of pediatric anesthetists as
the gold standard.’ In our study, 75% of the population had sevoflurane as the anesthetic of
maintenance, which is consistent with the literature, although it is important to consider that the
TIVA technique is gaining popularity, as recent studies have suggested better postoperative

outcomes associated with this technique.

In our investigation, we observed that the mean wake up time was higher in the sevoflurane
group, however, we did not find the difference statistically significant (p=0.532). A meta-analysis
from 2022 demonstrated that pediatric patients who receive sevoflurane tend to have shorter
recovery times to eye opening, being associated with shorter times of extubation.?® In contrast,
another study found no differences in extubation time and recovery time between the two
techniques.?” The rapid recovery time related to sevoflurane anesthesia can be justified by the
pharmacodynamic and pharmacokinetic of sevoflurane. The recovery depends only on exhaling the
anesthetic that has low blood-gas solubility, allowing a rapid washout, as its metabolism does not
contribute significantly to its elimination. Nevertheless, it is crucial to take into account that the
duration of anesthesia affects the time between the end of the surgery and the end of the
anesthesia®!, and our sevoflurane group had an higher median duration of anesthesia compared

with TIVA, what can interfere in our conclusions about wake up time.

Sevoflurane causes a decrease in blood pressure and cardiac output that is dependent on
the dosage, primarily by reducing systemic vascular resistance.® As for propofol, it causes
vasodilation by inhibiting sympathetic vasoconstrictor activity and, especially when administered
as a bolus, can cause a profound reduction in the mean arterial pressure.’® The incidence of
cardiopulmonary complications in general is not significantly different when volatile anesthetics or
intravenous anesthetics are used for induction and maintenance of general anesthesia.'? Regarding
hemodynamics, the results of this study showed a significant difference in the MBP variation
(p=0.027), with the sevoflurane group exhibiting greater hemodynamic stability. However, this
difference seems not to have significant hemodynamic impact as any patient needed
pharmacologic intervention to control this effect. In heart rate variation, we found no significant

difference.

The study of the postoperative period is relevant as it is crucial for the well-being of children
and their parents. The literature shows distinct findings on the impact of type of anesthesia.

Kocaturk et al, in 2018 found no statistical significant difference between propofol versus
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sevoflurane anesthesia in children between 3 and 7 years old submitted to comprehensive dental
treatment.?” In contrast, in 2020, Sheikhzade et al evaluated the quality of recovery between TIVA
and sevoflurane anesthesia in children aged between 2 and 10 years old, submitted to various
surgical procedures, and demonstrated a significant difference in the time of staying in recovery,
with a mean discharge time of 25 minutes for sevoflurane and 35 minutes for TIVA °. Our findings
indicate that patients who received TIVA tended to have shorter PACU stays, although no statistical

difference was observed.

Postoperative pain has a significant impact on children and tonsillectomy is associated with
moderate-to-severe pain. In our study, we observed that the median of maximum pain experienced
and the median of pain at discharge from PACU were higher in children who received sevoflurane.
However, the surgical technique can affect postoperative pain. The cold technique is associated
with less postoperative pain and bleeding than coblation technique.” Although the TIVA group
tended to have lower pain scores, the surgical technique most used on these children was
coblation. No significant differences were found between surgical technique and postoperative
outcomes in our study. A recent meta-analysis showed that postoperative pain in children receiving
TIVA was less frequent than in the ones that received sevoflurane. This study also indicated that
propofol produced an opioid-sparing effect and delayed the first request for rescue analgesia.?
Sheikhzad et al evidenced that TIVA reduced postoperative pain.l° These results are consistent with
our findings, however, our study did not find this difference to be statistically significant. We also

compared the administration of tramadol in the postoperative period and observed that the

sevoflurane group received tramadol more frequently, but no statistical difference was found.

One of the most concerning outcomes of postoperative pain is pain with swallowing,
because it limits the ability to eat and drink and can lead to an increased time of food
reintroduction. There is limited literature that directly compares the reintroduction of fluids after
TIVA and sevoflurane anesthesia. In 2005, Glaisyer et al found that drinking occurred 24 minutes
earlier in the propofol/remifentanil group compared with inhalational anesthesia.?? In agreement
with this, our study found that children from the TIVA group reintroduced liquid diet significantly
earlier, with a median time of 42 minutes in the TIVA group and 95 minutes in the sevoflurane
group. We documented an 81% probability of an earlier diet reintroduction with TIVA vs

sevoflurane anesthesia.

As children undergoing tonsillectomy face a higher risk for PONV and subsequent
dehydration, it is important to recognize the risk factors to this complication and know the

measures to reduce it, as it is a common reason for hospital readmission. The risk factors are
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previous history of PONV, motion sickness, female sex, long duration of surgery (>30 minutes),
administration of inhalation anesthetics and longer-acting opioids.?’ In fact, a study in children aged
=2 and<6years, undergoing strabismus repair surgery showed that the PONV occurrence rate in
patients with sevoflurane anesthesia is 12.14%, which is markedly higher than in ones with propofol
anesthesia (6.65%).2° Our results showed incidence of PONV only in the sevoflurane group. This can
be justified by the antiemetic properties of propofol, probably because it has a depressant effect
on the chemoreceptor trigger zone and vagal nuclei.’® In order to minimize PONV, it is
recommended generous hydration with crystalloids and prophylactic intravenous use of a 5-HT;
antagonist, such as ondansetron, and dexamethasone. Ondansetron prevents early PONV and
dexamethasone late PONV (>6 hours).?® Our sample had a double anti-emesis therapy almost

universal (except 1 patient), what possibly explains our low incidence of PONV.

There is no clear reason for the higher incidence of ED after inhalational anesthesia, but the
rapid emergence associated with the sevoflurane anesthesia, can be one of the causes.?° The quick
emergence could be a cause by itself or could be associated with emergence before the onset of
effective analgesia in the presence of surgical pain, but it is proven that this condition can occur
after non-painful procedures too. Nevertheless, propofol is also associated with a rapid emergence
and has a lower incidence of ED. Hence, the cause of ED in the immature nervous system is more
likely attributed to the neuropharmacological properties of the agents themselves rather than a
rapid emergence accompanied by delayed onset of analgesia.?* According to Chandler et al, the use
of propofol-remifentanil TIVA decreased the incidence of ED by more than half, presenting an
incidence with sevoflurane of 38,30% and with TIVA of 14,90%.%° In 2022, a meta-analysis about the
incidence of ED in children also showed that it occurred less frequently with propofol anesthesia
than with sevoflurane.?® Our findings demonstrated that 12.5% of children who received
sevoflurane had ED comparing to 7.7% of patients from the TIVA group. Thus, ED was more

common in the sevoflurane group, but we did not find this difference statistically significant.

It is essential to consider that ED can be affected by preoperative anxiety. A study about
preoperative anxiety and ED showed that every 10% increase in anxiety scores causes a 10%
increase in ED.3! The study we conducted evidenced a median of preoperative anxiety of 35.4
(mYPAS) and no significant difference between sevoflurane and propofol. All children enrolled in
the study had their parents present during induction, thus this could be one of the reasons for the
similar results. There are some characteristics that increase the risk of both preoperative anxiety
and ED, such as younger children, more emotional, more impulsive and less social. Furthermore,
parental anxiety is a predictor of preoperative anxiety in children. The role of parental presence

during anesthesia induction is not totally clear, but research demonstrates that a program that
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consists of educating parents about the techniques, enrolling them in distracting their own child in
the waiting room and during anesthesia induction reduced children’s anxiety before surgery and

incidence of ED, shortened discharge time after surgery and reduced analgesic consumption.3%32

When evaluating postoperative vomiting after a pediatric adenotonsillectomy in children
aged 3-16 years who were scheduled for a tonsillectomy, a study observed no significant difference
between TIVA and sevoflurane maintenance during the 24-hour period thereafter. They also
showed that postoperative vomiting occurred most frequently in the first 6 hours after discharge
from PACU in both groups.®® In our study, children from the sevoflurane group had a higher

frequency of PONV at the 24 hour assessment, but no statistical difference was observed.

Concerning the evaluation of pain over a 24-hour period, most of children experienced pain
below 5, nevertheless, the TIVA group tended to have more children claiming less pain (below 5).

Despite these findings, no statistically significant difference was evidenced.

A clinical trial about recovery characteristics of propofol and sevoflurane anesthesia
evidenced significantly higher parental satisfaction scores (grading their satisfaction level from 0 -
very dissatisfied - to 10 - very satisfied) in TIVA group (median 9, and sevoflurane with 6.5 of
median).?’ In conformity with this study, our research demonstrated that parents of children in the
TIVA group reported a median satisfaction rating of 10, whereas those in the sevoflurane group
reported a median satisfaction rating of 8 (p=0.480). It is crucial to notice that postoperative
complications influence parental satisfaction and the choice of surgical technique could have some

implications for that.

Finally, this study still has some limitations, which should be addressed. First, the sample
size is smaller than expected, which therefore limits our conclusions. Furthermore, as this study
desires to compare two anesthetic techniques, it is preferred to achieve an equivalent sample size
for both groups. However, this requirement is not currently met, as there is an imbalance in the
number of samples between the TIVA group (n= 13) and the sevoflurane group (n= 39), which
results from the nature of the study, as merely observational, not influencing anesthesiologits
choices. There are other inherent biases in this research, as it is an observational study. The
anesthetic approach, including the selection of drugs and postoperative strategies in the PACU,
varied considerably, as it was determined by the attending anesthesiologists. For instance, the use
of tramadol during surgery might impact the level of postoperative pain experienced, while the
administration of anti-emetic drugs could affect the occurrence of PONV. The existence of two
surgical techniques also introduces an additional factor that may impact the outcomes. The

postoperative evaluation was essentially carried out by 2 non-blinded observers, which could affect
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the results due to the subjectivity of the evaluation and knowledge of the anesthetic technique

applied.

Despite these limitations, this study also presents some relevant aspects. It assessed a
remaning question in debate in pediatric anesthesia, with few literature evaluating the impact of
anesthetic technique in the reintroduction of diet after surgery, as well as influence on immediate
postoperative pain. As far as we are aware, is the first study assessing this question in our country.
A future study would benefit from implementing a randomized and double-blinded design, while

also ensuring a larger and more homogeneous sample size.
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Conclusion

This observational study revealed that children who were anesthetized with TIVA
reintroduced the liquid diet earlier when compared to children who received sevoflurane
anesthesia. Moreover, anesthesia with sevoflurane was demonstrated to be more stable regarding
our results in MBP variation during anesthesia. We did not find any significant difference in other
outcomes, namely wake up time, postoperative pain, PONV, ED, parental satisfaction and PONV
and pain 24 hours after surgery, although TIVA tended to be associated with better quality of

recovery.

More investigations should be performed to assess, in a clearer way, the recovery profile

of TIVA and inhalation anesthesia.
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Attachments

Assessed for elegibility

n=66

Excluded (n=4)
Cancelled surgery (n=3)

ASA physical status more than 2 (n=1)

Included in the study

n=62

Included in Data Analysis

n=>52

Excluded (n=10)

Researcher unable to access clinical
data (n=9)

Delay in psychomotor development
(n=1)

Figure 1 — Flowchart of the study
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Table | — Demographic data

Variables

Age (years), Median
(Min;Max)(1QR)
Sex Male, n(%)

Weight (kg), Median
(Min;Max)(1QR)
ASA 1, n(%)
2, n(%)

Physical
Status

mYPAS, Median
(Min;Max)(1QR)

Anesthesia duration (min),
Median (Min;Max)(IQR)

Place CICA, n(%)

CMIN, n(%)

Surgical
Regimen

Overnight,

In-patient,

Induction

Intravenous,

Surgical
Technology

Coblation,

Day surgery,

Inhalational,

Cold, n(%)

All sample (n=52)
5(4;9)(2)
28 (53.8)

19.0 (13.0;48.0)(5.7)

24 (46.2)
28 (53.8)

35.4(22.9;100.0)(4.6)

71.5 (42.0;112.0)(26.3)

38(73.1)
14(26.9)
19 (36.5)
28 (53.8)
5(9.6)
32 (61.5)
20 (38.5)
40 (76.9)

12 (23.1)

TIVA (n=13)
5(4;9)(2)
9(69.2)

19.0 (16.0;48.0)(12.0)

1(7.7)
12 (92.3)

34.4 (22.9;66.7)(32.3)

58.0 (46.0;82.0)(24.0)

13 (100.0)
0(0.0)
7(53.8)
6 (46.2)
0(0.0)
5(38.5)
8 (61.5)
6 (46.2)

7(53.8)

Sevoflurane (n=39)
5(4;7)(2)
19 (48.7)

19.0 (13.0;33.0)(4.0)

23 (59.0)
16 (41.0)

38.5 (22.9;100.0)(46.4)

72.0 (42.0;112.0)(24.0)

25 (64.1)
14 (35.9)
12 (30.8)
22 (56.4)
5(12.8)
27 (69.2)
12 (30.8)
34 (87.2)

5(12.8)

p-
value
0.251

0.336

0.426

0.001

0.333

0.522

0.011

0.194

0.097

0.005

Min= minimum, Max= maximum, IQR = interquartile range, min= minutes, kg= kilogram, CICA= Centro Integrado de
Cirurgia de Ambulatério, CMIN= Centro Materno-Infantil do Norte
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Table Il - Intraoperatively administered drugs

Variables

Fentanil (ug/kg),
Median
(Min;Max)(IQR)
Tramadol (mg/kg),
Median
(Min;Max)(IQR)
Lidocaine (mg/kg),
Median
(Min;Max)(IQR)
Dexamethasone
(mg/kg), Median
(Min;Max)(IQR)
Ketamine (mg/kg),
Median
(Min;Max)(IQR)
Paracetamol
(mg/kg), Median
(Min;Max)(IQR)
Methylprednisolone
(mg/kg), Median
(Min;Max)(IQR)
Ketorolac (mg/kg),
Median
(Min;Max)(IQR)

All sample (n=52)

3.6(1.3;5.8)(1.8)

1.3 (0.0;2.2)(1.7)

0.0 (0.0;1.0)(1.0)

0.2 (0.1;0.8)(0.1)

0.0(0.0;0.4)(0.2)

19.0
(14.0;28.0)(5.0)

1.9(0.0;4.2)(2.2)

0.5(0.0;0.6)(0.1)

TIVA (n=13)

3.7 (2.1;4.0)(1.4)

0.0 (0.0;1.3)(0.0)

1.0 (0.0;1.2)(0.2)

0.2 (0.1,0.8)(0.0)

0.3(0.0;0.4)(0.1)

20.0
(15.0;28.0)(1.0)

2.1(1.6;2.4)(0.2)

0.5(0.0;0.5)(0.1)

Min= minimum, Max= maximum, IQR = interquartile range

Sevoflurane
(n=39)

3.3(1.3;5.8)(1.9)

1.5 (0.0;2.2)(0.8)

0.0 (0.0;0.7)(0.7)

0.2 (0.1;0.2)(0.1)

0.0(0.0;0.2)(0.0)

18.0
(14.0;21.0)(5.0)

0.6 (0.0;4.2)(2.2)

0.5 (0.0;0.6)(0.0)

p-value

0.522

0.002

<0.001

>0.999

<0.001

0.076

0.004

0.731
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Table Il — Perioperative and PACU data

Variables
Wake up time (min), Mean
(+SD)
Heart rate variation Mean
(+SD)
MBP variation Median
(Min;Max)(1QR)
Time at PACU (min), Median
(Min;Max) (1QR)

ED, n(%)

PONV, n(%)
Maximum pain, Median
(Min;Max) (IQR)
Pain at discharge, Median
(Min;Max) (IQR)

Postoperative Tramadol n(%)

All sample

11.5 (5.5)

34.5 (+13.7)

21.0
(9.0;55.0)(15.0)

40.0
(25.0;80.0)(12.0)

5(11.1)
2(3.8)

4 (0;10)(6)

2(0;8)(4)

8 (15.4)

TIVA

11.3 (£6.2)

36.8 (+14.9)

26.0
(11.0;55.0)(16.0)

40.0
(25.0;55.0)(13.0)

1(7.7)
0(0.0)

2 (0;10)(7)
0(0;6)(3)

1(7.7)

Sevoflurane

11.6 (5.3)

33.8 (+13.4)

18.0
(9.0;54.0)(13.0)

41.0
(25.0;80.0)(15.0)

4(12.5)
2(5.1)

6 (0;10)(4)
2(0;8)(4)

7 (18.0)

p-value

0.532

0.732

0.027

0.391

>0.999*
>0.999*

0.193

>0.999

0.662

min= minutes, SD= standard deviation, Min= minimum, Max= maximum, IQR = interquartile range, MAP= mean blood
pressure, PACU= post-anesthetic care unit, ED= emergence delirium, PONV= postoperative nausea and vomiting

*At least one cell had a count lower than 5.
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Table IV — 24 hour assessment data

Variables All sample TIVA Sevoflurane P-
value
Diet reintroduction (min), Median 60 42 95 0.005
(Min;Max) (IQR) (20;228)(106.5) = (23;153)(98) = (20;228)(21) ’
24h PONV, n(%) 6(12.0) 1(7.7) 5(13.5) >0.999
2ah Pain, n(%) <5 30 (60.0) 9(69.2) 21 (56.8) ot
! >4 20 (40.0) 4(30.8) 16 (43.2) ’

Parental satisfaction, Median (Min;Max)

(IQR) 9(1;10)(2.3) 10 (5;10)(2) 8(1;10)(3) 0.480

min= minutes, Min= minimum, Max= maximum, IQR = interquartile range, PONV= postoperative nausea and vomiting
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Definition

Appendix 1 - ASA Physical Status Score3*

Adult Examples, |

Examples, Including but not Limited to:

Obstetric Examples, Inc!
but not Limited to:

ASAI

ASAll

ASAIl

ASA IV

ASAV

ASAVI

Anormal healthy patient

A patient with mild systemic
disease

A patient with severe systemic
disease

A patient with severe systemic
disease that is a constant threat
to life

A moribund patient who is not
expected to survive without the
operation

Adeclared brain-dead patient
whose organs are being
removed for donor purposes

Healthy, non-smoking, no or minimal alcohol use

Healthy (no acute or chronic disease), normal BMI percentile for age

Mild diseases only without

Asy i cardiac disease, well controlled dysrhythmias,

limitations. Current smoker, social alcohol drinker,
pregnancy, obesity (30<BMI<40), well-controlied
DM/HTN, mild lung disease

Substantive functional limitations; One or more
moderate to severe diseases. Poorly controlied DM or

HTN, COPD, morbid obesity (BMI 240), active hepatitis,

alconol e or abuse, i

moderate reduction of ejection fraction, ESRD
undergoing regularly scheduled dialysis. history (>3
months) of MI, CVA, TIA, or CAD/stents.

Recent (<3 months) MI, CVA, TIA or CAD/stents,
ongoing cardiac ischemia or severe valve dysfunction,
severe reduction of ejection fraction, shock, sepsis,
DIC. ARD or ESRD not undergoing regularly scheduled
dialysis

Ruptured abdominal/thoracic aneurysm, massive
trauma, intracranial bleed with mass effect, ischemic
bowel in the face of significant cardiac pathology or
multiple organ/system dysfunction

asthma without exacerbation, well controlled epilepsy, non-insulin dependent
diabetes mellitus, BMI for age, OSA,
oncologic state in remission, autism with mild limitations

Uncorrected stable congenital cardiac abnormality, asthma with exacerbation,

poorly controlled epilepsy, insulin dependent diabetes mellitus, morbid obesity,

malnutrition, severe OSA, oncologic state, renal failure, muscular dystrophy,
cystic fibrosis, history of organ transplantation, brain/spinal cord matformation,
symptomatic hydrocephalus, premature infant PCA <60 weeks, autism with
severe limitations, metabolic disease, difficult airway, long term parenteral
nutrition. Full term infants <6 weeks of age.

ic C ital cardiac iy, C heart failure, active
sequelae of prematurity, acute hypoxic-ischemic encephalopathy, shock,
sepsis, disseminated intravascular coagulation, automatic implantable
cardioverter-defibrillator, ventilator dependence, endocrinopathy, severe
trauma, severe respiratory distress, advanced oncologic state

Massive trauma, intracranial hemorrhage with mass effect, patient requiring
ECMO, respiratory failure or arrest, malignant hypertension, decompensated
congestive heart failure. hepatic encephalopathy, ischemic bowel or multiple
organ/system dysfunction.

Normal pregnancy*, well
controlled gestational HTN,
controlled preeclampsia without
severe features, diet-controlled
gestational DM.

Preeclampsia with severe
features, gestational DM with
complications or high insulin
requirements, a thrombophilic
disease requiring
anticoagulation.

Preeclampsia with severe
features complicated by HELLP
or other adverse event,
peripartum cardiomyopathy with
EF <40,
uncorrected/decompensated
heart disease, acquired or
congenital

Uterine rupture.

* Although pregnancy is not a disease, the parturient’ s physiologic state is significantly altered from when the woman is not pregnant, hence the assignment of ASA 2 for a woman with
uncomplicated pregnancy.
**The addition of “E” denotes Emergency surgery: (An emergency is defined as existing when delay in treatment of the patient would lead to a significant increase in the threat to life or body part)
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Appendix 2 - Yale Anxiety Modified Scale3®

e A Activity
o 1 =Looking around, curious, playing with toys, reading (or other age-appropriate
behavior); moves around holding area/treatment room to get toys or go to
parent; may move toward OR equipment
o 2= Not exploring or playing, may look down, may fidget with hands or suck
thumb (blanket); may sit close to parent while waiting, or play has a definite
manic quality
o 3 =Moving from toy to parent in unfocused manner, nonactivity-derived
movements; frenetic/frenzied movement or play; squirming, moving on table,
may push mask away or clinging to parent
o 4 =Actively trying to get away, pushes with feet and arms, may move whole body;
in waiting room, running around unfocused, not looking at toys or will not
separate from parent, desperate clinging
e B.Vocalizations
o 1=Reading (nonvocalizing appropriate to activity), asking questions, making
comments, babbling, laughing, readily answers questions but may be generally
quiet; child too young to talk in social situations or too engrossed in play to
respond
2 =Responding to adults but whispers, “baby talk,” only head nodding
3 = Quiet, no sounds or responses to adults
4 = Whimpering, moaning, groaning, silently crying
5 = Crying or may be screaming “no”
o 6 =_Crying, screaming loudly, sustained (audible through mask)
e C. Emotional expressivity
o 1= Manifestly happy, smiling, or concentrating on play
o 2= Neutral, no visible expression on face
o 3 =Worried (sad) to frightened, sad, worried, or tearful eyes
o 4 =Distressed, crying, extreme upset, may have wide eyes
e D. State of apparent arousal
o 1=Alert, looks around occasionally, notices/watches what anesthesiologist does
with him/her (could be relaxed)
o 2 =Withdrawn, child sitting still and quiet, may be sucking on thumb or face
turned into adult
o 3 =Vigilant, looking quickly all around, may startle to sounds, eyes wide, body
tense
o 4 =Panicked whimpering, may be crying or pushing others away, turns away

O O O O

Scoring: Divide each itemrating by the highest possible rating (i.e., 6 for the “vocalizations” item
and 4 for all other items), add all of the produced values, divide by 4, and multiply by 100.
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Appendix 3 - PAED Scale3®

The child makes eye contact with the caregiver.
The child’s actions are purposeful.

The child is aware of his/her surroundings.

The child is restless.

The child is inconsolable.

gLB N

ltems 1, 2, and 3 are reversed scored as follows: 4 = not at all, 3 = just a little,
2 = quite a bit, 1 = very much, 0 = extremely. ltems 4 and 5 are scored as
follows: 0 = not at all, 1 = just a little, 2 = quite a bit, 3 = very much, 4 =
extremely. The scores of each item were summed to obtain a total Pediatric
Anesthesia Emergence Delirium (PAED) scale score. The degree of emer-
gence delirium increased directly with the total score.
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Appendix 4 - Faces Scale®’

Escala de Faces

56 (36
Nz N
0 1

(Sem Dor)

19,0,

LAV

N

5
(Dor Maxima)
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Appendix 5 - Numeric Scale®’

Escala Numeérica

SemDor| 0 | 1 2

10

Dor Maxima
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