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Abstract

Background: Varying sedation requirements may impact anesthetic management and patient outcome. Children
with brain disorders may have different requirements than unaffected children. The auditory brainstem response
(ABR) test is used to estimate hearing sensitivity and as a diagnostic tool to evaluate autism.

Objective: To explore the association between anesthetic requirements of children subjected to ABR test and the
degree of abnormality discovered by the test.

Methods: Operative anesthetic data including propofol and midazolam dosages were collected retrospectively for
children undergoing ABR tests. Propofol doses were log transformed and entered as dependent variable in linear
regression models with weight, height, body mass index, intelligence quotient, CARS score and the extent of lesion
by ABR (none, unilateral or bilateral) as covariates and gender as a factor. Independent variables with significant
associations were used in multiple regression models.

Results: In 227 total study cases, no lesion was identified in 62 cases, a unilateral lesion was identified in 80
cases, and bilateral lesions were identified in 85 cases. Autism was diagnosed in 31% of children. Simple regression
showed significant association of weight, extent of lesion and midazolam dose with the log propofol dose. In multiple
regression, the three variables retained their significant association with coefficients and 95% CI of (-0.013) and
(-0.024)-(-0.003), 0.111 and 0.034-0.183, and (-0.197) and (-0.271)-(-0.124) respectively. Recovery time was similar
among the lesion groups indicating a real need for larger doses.

Conclusion: Children with autistic lesions may require larger doses of propofol for sedation. ABR testing may
provide key clinical information about the anesthetic requirements in autistic patients. More studies are required to
assess the safety of anesthesia in children requiring larger doses of medication for sedation.

Keywords: Propofol; Midazolam; Pediatric; Sedation; Auditory
brainstem response

Introduction
Auditory brainstem response (ABR) refers to electrical activity of

the auditory system that occurs in response to appropriate acoustic
stimuli. It is an accurate, reliable, and a non -invasive test, which is
conducted to estimate auditory sensitivity and integrity of auditory
brain stem pathway. ABR consists of a series of seven waves, occurring

within 10 min after stimulus. This is a diagnostic test performed
outside the operating room and requires sedation to keep a child still
during the procedure [1].

Despite early signs, children with autism spectrum disorders often
do not seek medical advice until after the second year of age when
language delays are observed. Fifty to seventy percent of autistic
children have historically been classified as intellectually disabled by
nonverbal intelligent quotient (IQ) testing [2].
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Moreover, the Childhood Autism Rating Scale (CARS) consisting of
15 questions scored by the parent is commonly used for diagnosis of
autism. The CARS can reliably differentiate among children with
autism as well as those with mental retardation [3].

Propofol (2,6-diisoproyl-phenol) is commonly used during various
procedures for sedation of children with intellectual dysfunction which
limits cooperation [4,5].

Currently, there exists a lack of literature describing autistic children
and their anesthetic needs, further studies are needed [6].

A previous report suggested that relatively high levels of propofol
are required to manage patients with intellectual disabilities [7].
Working in a tertiary center we too have noticed, while managing
autistic children undergoing ABR testing, that sedation requirement
varies appreciably among these children.

Hence, our aim is to examine the presence of a possible association
between the anesthetic requirements of children undergoing this test
and the degree of abnormality discovered by the test. The primary
objective is to compare the anesthetic requirements among the ABR
test result groups, and secondarily to compare the anesthetic
requirements between groups of children according to their definitive
clinical diagnosis.

Patients and Methods
This retrospective analysis was approved by the Institutional Review

Board of our institution and included patients referred for ABR testing
based on a preliminary diagnosis of autism. Children sedated with
propofol from January 2011 through December 2013 were identified
and their records were reviewed. Cases were excluded if they were
found to be above 18 years old or if information about their anesthetics
or their ABR test were missing.

The following data were extracted from the anesthesia sheets and
electronic files: patient’s age, gender, weight, height, American Society
of Anesthesia (ASA) grading; Intelligence Quotient (IQ) test result;
CARS score; past medical history, comorbid diagnoses and
medications taken preoperatively. Additional extracted data included
types and doses of medications administered intra-operatively with
reference to the number and magnitude of propofol doses, (total
propofol doses for every kg body weight were calculated), doses of
midazolam and perioperative complications.

The following were extracted from the anesthesia record to calculate
operative time parameters: “time out”, start of the procedure, end of the
procedure and fulfilment of the full recovery criteria [8].

Sedation
Procedural sedation at our hospital was performed in accordance

with standard guidelines [9]. All patients were nil by mouth for at least
2-8 hours, and had a functional intravenous catheter. Patients were
continuously monitored by a combination of one certified anesthetist
and anaesthesia technician throughout the procedure. Heart rate,
respiratory rate, and oxyhemoglobin saturation were continuously
monitored. Noninvasive blood pressure was measured every 5 minutes
during the procedure and every 5-15 minutes during recovery. End-
tidal CO2 was monitored via nasal cannula.

Premedication with intravenous midazolam (0.05-0.08 mg/kg) was
given to each study patient. Propofol was available in a final
concentration of 10 mg/ml and administered intravenously at

increments of 10 mg, flushed with 10 ml of normal saline 0.9%. The
increments were continued until the patient was deemed adequately
sedated. Incremental dosing followed with flushing was used to avoid
overdosing with a continuous infusion. After the procedure, patients
were monitored until they returned to their baseline neurological
status.

Auditory Brainstem Response (ABR) Test
ABR testing was performed under sedation for all children. Analysis

time was 10 seconds. One electrode was placed on each ear lobe and a
third on the forehead for grounding. Electrode impedance was less
than 5 kOhms and inter-electrode impedance was within 2 kOhms.
Click stimuli were presented at 70 dBnHL. The click was averaged
across 1000 sweeps and was replicated. Waves I, III, and V were
identified and their latencies were measured. Wave I and wave V
amplitudes were determined for 70 dBnH click -evoked waveforms.

ABR was detected by placing electrodes on the scalp and separating
the response from background electroencephalography measures using
averaging and amplification techniques [10].

Although the absolute latencies can be influenced by peripheral
hearing loss, the interpeak latencies are generally accepted as measures
of central neural conduction time and are influenced by myelination of
nerve fibers [11].

Patients were assigned according to the presence of abnormal
morphological waveforms into the following groups: Group I,
(Normal) who have normal bilateral wave morphology of ABR waves;
group II (Unilateral) who had unilateral abnormal ABR wave
morphology either in right or left ears; group III (Bilateral) had
bilateral abnormal ABR wave morphology in both ears.

For objectivity of patient classification, ABR results, the IQ, and the
CARS test results were added to the database only after capturing all
data from anesthesia records.

Patients attended Phoniatrics outpatient clinics with parents who
observed language delay in their child. Each patient was subjected to a
standard protocol of language evaluation. Psychometric evaluation
including Stanford-Binet Intelligence Scale for assessment of IQ and
CARS test for autism. All patients were referred to audiology unit for
hearing evaluation.

Childhood Autism Rating Scale (CARS)
This test consists of 15 questions. A score of 30 to 35 indicates mild

autism while a score of 36 and higher indicates moderate to severe
autism. Scores are based on direct observation and items are scored
from 1-4. A score of 1 indicates age appropriate behavior and a score of
4 indicates severely abnormal behavior. All items contribute equally to
the total score that varies from 15 to 60 [12].

Statistical method
Statistical analysis was performed on SPSS version 11.0. Numeric

data were presented as mean ± SD, median and interquartile range.
Comparison between groups of ABR abnormality (normal, unilateral,
and bilateral) was done by the ANOVA or Kruskal Walis test. Alpha
values were all set at 0.05 but for multiple comparisons Bonferroni
correction was used. Categorical data were presented as percentages
and were compared by chi square test. Propofol dosing data were
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examined for normality of distribution and were converted to the log
scale in case of right skewness.

Univariate linear regression models were constructed to test the
effect of different variables on log transformed propofol dose. Factors
with significant coefficients at a level of 0.05 were incorporated in
multiple regression models. The likelihood ratio test was used to
explore the relative contribution of different predictors to the multiple
regression models.

Results
From January 2011 to December 2013, 227 children were identified

to have the ABR test and fulfilled the inclusion criteria; among these 62
had normal ABR while 80 and 85 had unilateral and bilateral
abnormalities, respectively. Table 1 shows the demographic and clinical
characteristics of the patients. The age ranged from nine months to 13
years with a mean value of 4.3 ± 2.2 and did not differ significantly
among the groups.

Parameter (Number) Total cases (227) Normal (62) Unilateral (80) Bilateral (85) p value

Age

(Mean ± SD) 4.3 ± 2.2 4.0 ± 2.2 4.1 ± 1.9 4.7 ± 2.4

0.112Median 4 3.5 4 4

Q25- Q75 3.0-6.0 2.8-5.0 3.0-5.0 3.0-6.0

Gender

Males No (%) 159 (70.0%) 49 (79.0%) 51 (63.8%) 59 (69.4%) 0.141

Weight in kg

(Mean ± SD) 16.2 ± 5.4 15.7 ± 5.2 15.0 ± 3.8 17.6 ± 6.4

0.006Median 15.3 15.1 14.6 16.2

Q25 - Q75 13.0-18.0 13.0-17.3 12.4-17.0 13.8-16.2

Height in cm

(Mean ± SD) 101.5 ± 14.7 100.0 ± 15.0 100.0 ± 12.3 104.2 ± 16.2

0.094Median 100 99 99.5 104

Q25 - Q75 91.0 - 111.0 90.4 - 110.0 90.3 - 108.5 94.5 - 115.5

BMI in kg/m2

(Mean ± SD) 15.6 ± 2.9 15.7 ± 3.0 10.0 ± 12.3 10.4 ± 16.2

0.064Median 15 15.3 9.9 10.4

Q25-Q75 13.5-16.7 13.5-16.3 9.3-10.9 9.5-11.6

ASA (NO,%)

I 177,78% 53,48.3% 61,76.3% 63,74.1%

0.389II 47,20.7% 9,12.8% 17,21.3% 21,24.7%

III 3,1.3% 0,0% 2,2.5% 1,1.2%

IQ total No. of Children 169 39 60* 70

(Mean ± SD) 67.3 ± 14.6 72.5 ± 13.2 64.7± 14.7 66.5 ± 14.8

0.028Median 67 73 65 64

Q25-Q75 57.5-77.0 64.0-85.0 54.3-73.0 58.0-77.0

IQ class (N)

NO (%) 169 39 60 70

0.804Superior 0 0 0 0

Above average 0 0 0 0
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Average 14 (8.3) 5 (12.8%) 5 (8.3%) 4 5.7%

Low average 21 (12.4) 6 (15.4%) 5 (8.3%) 10 14.3%

Slow learner 46 (27.2) 11 (28.2%) 15 (25.0%) 20 28.6%

Mild MR 74 (43.8) 16 (41.0%) 29 (48.3%) 29 41.4%

Moderate MR 11 (6.5) 1 (2.6%) 4 (6.7%) 6 8.6%

Severe MR 3 (1.8) 0 (0.0%) 2 (3.3%) 1 1.4%

CARS score ( Autistic patients)

NO (%) 52 12 16 24

0.368
(Mean ± SD) 31.8 ± 4.0 31.4 ± 3.6 32.9 ± 4.4 31.2 ± 3.8

Median 30 30.5 32 30

Q25-Q75 29.0-32.8 29.0-32.0 30.0-35.3 29.0-31.8

CARS class (N)

NO (%) 169 39 60 70

0.624

No autism 117 (69.2%) 27 (69.2%) 44 (73.3%) 46 (65.7%)

Spectrum autism 18 (10.7%) 4 (10.3%) 3 (5.0%) 11 (15.7%)

Mild to moderate autism 32 (18.9%) 8 (20.5%) 1 (1.7%) 12 (17.1%)

Severe autism 2 (1.2%) 0 (0.0%) 12 (20.0%) 1 (1.4%)

Most variables were presented as mean ± SD; percentage or median ± IQR

BMI: Body Mass Index, kg/m2; ASA: American Society of Anesthesiology Classification; IQ: Intelligent Quotient; CARS: Child-hood Autism Rating Scale; IQR:
Interquartile Range. CARS score is described for (Autistic patients; n=52).

Table 1: Demographic and clinical characteristics of study patients stratified by extent of affection assessed by Auditory Brainstem Response
(ABR) test.

There was a male predominance in the total population as well as in
the individual groups. A little less than half of the patients had positive
history of consanguinity; 46.3% in the unilateral and 37.6% in bilateral
group (p=0.116).

In addition, less than a half had a positive family history of autism.
Most of the children in the three groups were free from congenital
mental illness. However, neurological history; anti-convulsant therapy;
renal and hepatic diseases were comparable between groups.

A few children had cardiac conditions and many more had
respiratory disorders, however associated neurological conditions were
most commonly seen, ranging between 11% and 14%. Use of
anticonvulsants was recorded in less than 10% in all groups. The group
with bilateral ABR abnormality had a significantly higher mean body
weight.

ASA score distribution and the CARS score of autism were similar
among the study groups. However, the IQ value was significantly
higher in the group with unilaterally abnormal ABR readings as
compared to the other two groups. The CARS score was not recorded
for those with no autism (117 cases); also the score was achievable for
comparison only with autistic children (n=52) (Table 1).

A significantly higher proportion of children with unilateral and
bilateral ABR abnormality required larger doses of propofol compared
to those with bilaterally normal ABR readings; most of children with

abnormal bilateral ABR group required more than two doses (Figure
1A).

Figure 1A: Repeated Propofol dosages in the three groups of
children underwent Auditory Brainstem Response Test. Data are
expressed as percentage. Children were classified into Normal,
Unilateral and Bilateral according to the presence of abnormal
waveforms that diagnose autistic pathology by ABR Test.

None of the procedure time parameters, including the recovery
time, differed significantly among groups (Table 2). There was also no
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significant difference in operative complications among the groups
apart from increased percentage of needed additional sedation that

was significantly higher in the group with bilateral abnormality (Figure
1B).

Parameter Total cases Normal Unilateral Bilateral p value

Midazolam dose in mg/kg

(Mean ± SD) 0.9 ± 0.7 0.9 ± 0.7 0.9 ± 0.7 0.9 ± 0.7

0.989Median 1 1 1 1

Q25 - Q75 0.5-1.0 0.1 -1.0 0.5 -1.0 0.5 -1.0

Total propofol dose in mg/kg

(Mean ± SD) 2.3 ± 1.2 2.2 ± 1.2 2.2 ± 1.1 2.5 ± 1.2

0.122Median 2.1 1.8 2 2.4

Q25 - Q75 1.5-2.9 1.4-2.9 1.4-2.7 1.7-3.1

Total Procedure time/ min

(Mean ± SD) 70.1 ± 41.0 68.0 ± 40.9 69.8 ± 39.6 72.1 ± 42.8

0.833Median 56 51 56 56

Q25-Q75 46.0-81.0 45.0-62.3 46.0-81.0 46.0-88.5

Actual Procedure time / min

(Mean ± SD) 25.5 ± 9.1 24.2 ± 6.2 26.8 ± 7.4 25.1 ± 11.8

0.203Median 25 23.5 30 23

Q25 - Q75 20.0-30.0 20.0-30.0 20.0-30.0 20.0-30.0

Recovery time/min

(Mean ± SD) 42.8 ± 39.7 41.7 ± 40.2 41.8 ± 37.0 44.6 ± 42.2

0.866Median 30 30 30 30

Q25-Q75 20.0-55.0 20.0-40.0 20.0-53.8 15.5-60.0

Most variables were presented as mean ± SD; or median ± IQR. Total procedure time=Actual procedure time+Recovery time, Actual procedure time=start of sedation
till end of the ABR procedure recording.

Table 2: Intra-operative parameters of study patients stratified by extent of affection assessed by Auditory Brainstem Response (ABR) test.

Using univariate linear regression with log propofol dose as the
dependent variable, only midazolam dose, weight and ABR
abnormality were found to show statistically significant association
(Table 3). When the three variables were simultaneously incorporated
into a multivariate linear model, they all remained significantly
associated with the log propofol dose indicating that after adjusting for
midazolam dose and for body weight, the extent of ABR abnormality
remained an independent predictor for propofol requirement (Table
4).

Likelihood ratio test (Table 5) shows that the midazolam dose seems
to be the most important predictor for propofol requirement, however,
the extent of the ABR abnormality plays a very important role as well.

Notably, one patient in the bilateral abnormality ABR group
experienced vomiting, while cough was reported in one patient in each
the normal and unilateral abnormality ABR groups. No patients
experienced laryngospasm.

Discussion
Our data revealed that sedation requirements vary for children

undergoing ABR in our institution. The extent of autistic pathology in
the form of abnormal morphological waves assessed by ABR test was
an independent risk factor for increased propofol requirements.

In addition, child’s weight and premedication with midazolam were
independent risk factors that affected the amount of propofol needed
during the ABR procedure.

A few reports described variation in dose requirements of propofol
sedation. Asahi et al., in 2009, compared the propofol requirements
and its effect during dental treatment in 56 autistic patients.

Their results revealed increased propofol requirements in autistic
patients when compared with 56 intellectually impaired patients. But,
the study population included both children and adults, and the
propofol infusion rates in the intellectually impaired group showed
significant decline with age [13].
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Other studies too suggested that relatively high levels of propofol are
required to manage patients with intellectual disabilities [7,14].

Figure 1B: The Percentage of needed additional sedation in the three groups of children underwent Auditory Brainstem Response Test. Data
are expressed as percentage. Children were classified into Normal, Unilateral and Bilateral according to the presence of abnormal waveforms
that diagnose autistic pathology by ABR Test. The need for additional sedation i.e. additional boluses of propofol was administered, till control
of any spontaneous movements or agitation during the ABR procedure.

Factor entered in regression
Number of observations

in the model Regression coefficient (Beta) 95% CI p value

Age 227 (-0.006) (-0.034)-0.022 0.667

Gender 227 0.059 (-0.0734)-0.192 0.379

Weight 227 (-0.012) (-0.023)-(-0.001) 0.034

Height 227 (-0.003) (-0.007)-0.001 0.167

BMI 227 (-0.016) (-.037)-0.005 0.135

IQ absolute value 169 0.001 (-0.004)-0.005 0.822

IQ level 169 (-0.01) (-0.073)-0.052 0.74

CARS absolute value 169 -0.006 (-0.032)-0.02 0.66

CARS level 169 (-0.074) (-0.155)-0.008 0.076

Midazolam dose 227 (-0.194) (-0.27)-(-0.119) <0.001
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Lesion (normal, unilateral, bilateral) 227 0.084 0.009-0.16 0.029

BMI: Body Mass Index, kg/m2; IQ: Intelligent Quotient; CARS: Childhood Autism Rating Scale; (95% CI), 95% confidence interval. Children were classified into Normal,
Unilateral and Bilateral according to the presence of abnormal waveforms that diagnose autistic pathology.

Table 3: Results of univariate linear regression analysis for the relation of different factors to the log propofol dose.

Factor entered in
regression

Adjusted regression
coefficient (Beta) 95% CI p value

Weight (-0.013) (-0.024)-0.003 0.015

Lesion (normal,
unilateral, bilateral) 0.111 0.034 -0.183 0.002

Midazolam dose (-0.0197) (-0.271)-(-0.124) <0.001

(95% CI): 95% Confidence Interval. Children were classified into Normal,
Unilateral and Bilateral according to the presence of abnormal waveforms that
diagnose autistic pathology.

Table 4: Results of multiple linear regression analysis for the relation of
different factors to the log propofol dose.

Factor removed from the
model

Likelihood ratio chi-
square p value for removal

Weight 6.05 0.014

Midazolam dose 26.8 <0.00001

Lesion (normal, unilateral,
bilateral) 9.36 0.002

Children were classified into Normal, Unilateral and Bilateral according to the
presence of abnormal waveforms that diagnose autistic pathology.

Table 5: Results of likelihood ratio test on the multivariate model for
the effect of weight, lesion, and midazolam dose on the log of the
propofol dose.

Sedation failure rates of 20-30 % and inadequate sedation of
15-22.5% have been reported depending on the sedation regimen used
[15]. Similarly, our study showed that it was needed additional
sedation in 20% of autistic children. This percentage was lower in other
two groups. This confirms the findings outlined above and the fact that
sedation is more difficult in this subset of patients.

Interestingly, Kitt et al. 2015, did not find higher sedative
requirements in children with attention-deficit hyperactivity disorder
However, it is well established attention-deficit hyperactivity disorder
and autism arise from distinct neuronal pathologies [16].

There exist several potential explanations for increased propofol
requirements in autistic patients. Autistic children are known to have
decreased amplitude of ABR evoked potential. This can be explained
on the basis of an increased transmission time due to decrease in the
myelination or the synaptic efficiency in the brain stem nuclei [17,18].
A previous study [19] described a maturational defect in myelination
within the brain stem in autism. Mastschke et al. demonstrated that
myelination takes place in the first year of life and this is necessary for
functional maturation [20]. A functional MRI study has revealed that
the degree of synchronization was lower for the autistic than for others.
This functional under connectivity could be due to microgliosis and

astrogliosis [21] and can result in delayed nerve conduction [22]. It
may explain the relatively increased doses of sedatives to achieve the
desired level in autistic patients.

Several factors could explain, in particular, the variability in
propofol requirements in these children. Propofol is known to act via
gamma amino butyric acid (GABA)A receptors [23-26]. The neuro-
developmental disorder that accompanies autism involves some
structural changes such as delayed cortical development with larger
white matter and lack of the mirror neuron system [27]. These
abnormalities may involve the GABA inhibitory system. Ma et al. [28],
for example, reported that autistic patients have abnormal (GABA) A
receptors. Also Yu [29] has stated that there is a change of (GABA) A
receptor subunit distribution during brain maturation for autistic
children.

The different response of autistic patients to propofol may also
correlate with their hypersensitivity to acoustic stimuli and increased
serum levels of glutamate [30]. The serum levels of glutamate, an
excitatory neurotransmitter, are increased in adult autistic patients
[31]. Propofol potentiates the inhibition of glutamate release as
described before in experimental studies [32,33] . Thus, an increase in
glutamate may be expected to make autistic children in need for bigger
propofol doses to achieve the desired pharmacological effect.

In the current study, midazolam was an independent risk factor for
propofol dosing. Midazolam is generally used to reduce anxiety in
children undergoing ambulatory procedures such as the MRI (Machata
et al.). Rainey et al. [6] has used it in autistic children to reduce their
delirium. Midazolam is known to possess a synergistic effect with
propofol [34-36]. Indeed, Midazolam dose did not show a statistically
significant difference between groups of children but there was a
significant negative correlation between it and the log propofol dose
which is expected since children receiving a bigger dose of any sedative
would need a relatively smaller dose of the other. Given the relatively
small sample size, we thought it would be safer to include midazolam
in the multivariate regression model to adjust for its correlation with
propofol.

The positive association between the midazolam dose and the extent
of the lesion observed in this study can be explained based on the
general increase in sedative requirements and because of the relative
resistance to the action of propofol that dictated the increase on
midazolam to achieve the desired target.

In the present study, the required propofol dose was found to be
significantly associated with the extent of ABR abnormality but not
with the autism diagnostic tools including IQ and CARS tests. The
increased propofol requirements may be related to structural brain
abnormalities which manifests ABR abnormalities. The link to a
clinical syndrome may less direct. Follow up studies using larger
numbers of patients may reveal other subtle associations.

The association of propofol doses with the extent of ABR
abnormality was not accompanied by a significant change in the
procedure time parameters. Although children with ABR abnormality
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received higher propofol doses, they required a similar amount of time
to recovery as their peers. This indicates that affected children are in
real need of increased propofol dosing.

The current study has its own limitation due to its retrospective
nature and limited number of patients. During the period of this study,
we have not got target-controlled infusion (TCI) machines at our
institution. Future prospective studies should be completed to address
the underlying mechanism of increased demand for sedatives in
patients with ABR abnormalities. Comparison of different types of
sedatives can be also investigated to get suitable combinations that may
provide better sedation control in such patients.

The results of our observational study may have an impact on the
management of children who are diagnosed with autism. They may
frequently undergo anesthesia or sedation for other surgical purposes.
ABR testing may provide key clinical information about the anesthetic
requirements in autistic patients.

Conclusion
Autistic children may require increased propofol doses. This group

of children need careful documentation of their increased
requirements for future use in other types of surgeries as this can affect
their outcome and safety.
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