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Abstract: Background: Magnetic Resonance Imaging (MRI) is essential in pediatric diagnostics;
however, the need for effective sedation due to children’s inability to remain still presents a
challenge. Oral Chloral Hydrate (OCH) is commonly used for its efficacy and safety, but there is a
lack of detailed exploration of the median induction time, the period from administration to
effective sedation. This study aimed to evaluate the efficacy of OCH and identify the determinants
of the median induction time for pediatric MRI procedural sedation.Methods: This retrospective
study evaluated oral chloral hydrate (50-100 mg/kg) for pediatric MRI sedation using records from
the Imam Abdulrahman Bin Faisal Hospital (2018-2022). Pediatric patients (1-8 years) were assessed
for sedation efficacy, with exclusion criteria for allergies or incomplete data. Time-to-event analysis
(Kaplan-Meier and Cox regression) was used to identify factors influencing sedation induction
time. The data included age, weight, dose, and outcomes. The analysis highlighted the key
predictors of sedation success and optimized procedural sedation protocols.Results: The study
included 183 pediatric patients with a median age of 30 months and a median chloral hydrate dose
of 66 mg. Sedation success was 85.79%, with younger age and shorter induction times being
significantly associated with success (p<0.001). Kaplan-Meier analysis showed no significant
difference in induction times between the neurological and non-neurological groups (p=0.64). Cox
regression identified longer MRI duration and multiple doses as significant factors influencing the
timing of sedation (p=0.050, p=0.008). Bootstrap analysis confirmed a robust median induction time
of 30 minutes.Conclusions: Oral chloral hydrate achieved 85.79% success in pediatric MRI sedation,
with younger and lighter patients having better outcomes. The median sleep induction time was 30
minutes, and extending sedation to 60 minutes further improved the success rate.

Keywords: chloral hydrate; magnetic resonance imaging (MRI); pediatric sedation; procedural
sedation; drug efficacy; pediatrics

1. Introduction

Magnetic Resonance Imaging (MRI) is indispensable in pediatric healthcare, providing detailed
images of anatomical structures without exposure to ionizing radiation. This non-invasive technique
is particularly crucial for diagnosing a wide range of pediatric conditions, from neurological issues
to soft tissue injuries, offering a safer alternative to CT scans and X-rays for children’s sensitive
developing tissues [1]. Performing MRI on pediatric patients introduces specific challenges, primarily
due to their natural inability to remain still for extended periods. The scan durations, often lasting
between 30 to 60 minutes, heighten the likelihood of motion artifacts, which can degrade image
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quality and necessitate repeat scans, thereby increasing the child’s discomfort and the overall
procedure time [2—4]. Addressing these challenges, effective sedation is critical to minimize
movement and reduce stress during MRI procedures, ensuring both the safety and accuracy of the
imaging.

Oral Chloral Hydrate (OCH) has been a cornerstone in pediatric sedation, particularly for
imaging procedures such as magnetic resonance imaging (MRI) and computed tomography (CT). It
is recognized for its efficacy and safety when used within the recommended dosages of 20 to 100
mg/kg, providing sedation for durations of one to two hours, which is typically adequate for most
pediatric imaging procedures [1,5]. Chloral hydrate’s popularity in pediatric sedation is attributed to
its high success rates and its ability to induce sedation with minimal complications. Studies by, Fong
etal, (2021), and de Rover I, (2023) highlight its effectiveness with success rates often exceeding 90%,
which is notably higher compared to other sedatives like oral promethazine and midazolam [6,7] .
For instance, Roach et al. (2010) reported a success rate of 97% for chloral hydrate alone in pediatric
sedation, while Wilson et al. (2014) noted an increase in success rates from 94.2% to 97.9% with the
administration of a second dose [8,9]. The administration of chloral hydrate does not require
intravenous access, making it less invasive and more cost-effective compared to other sedatives [10].
This ease of administration is particularly beneficial in a pediatric setting, reducing the stress and
discomfort associated with needle-based routes [11].

Comparatively, other sedatives such as rectal thiopental sodium and midazolam have been used
in pediatric imaging but often with varied success. Chloral hydrate is preferred for its quicker onset
of sedation and longer duration of action, which are critical factors in achieving stillness necessary
for high-quality imaging [12,13]. Mataftsi et al. (2017) conducted a meta-analysis demonstrating that
chloral hydrate had superior odds ratios for sedation success compared to other agents. This is
indicative of its reliable and effective sedative properties in diverse procedural contexts, including
both short and longer duration medical procedures [14]. Moreover, chloral hydrate’s adjustable
dosage range allows it to be tailored to the specific needs of the procedure and the patient’s age,
which is a significant advantage over other sedatives that might require more stringent dosing
regimens. Lower doses have proven particularly effective in infants and young children, achieving
adequate sedation without compromising safety [15]. However, it is noted that its efficacy might
decrease with the patient’s age, showing lower success rates in children older than 48 months [1]. De
Rover I, (2023) cited that Oral chloral hydrate demonstrated a high pooled success rate for sedation
at 94% (95% CI: 0.91-0.96) [7]. This high success rate suggests that chloral hydrate is effective in
achieving the desired sedative state necessary for MRI procedures without the need for intravenous
or intramuscular routes, making it a less invasive option for pediatric patients. In fact, oral chloral
hydrate remains a highly favored option for pediatric procedural sedation due to its effective sedative
properties, safety profile, and adaptability to various procedural requirements [16,17].

In the context of using oral chloral hydrate for procedural sedation in pediatric MRI, various
studies have identified a spectrum of side effects. Mataftsi et al. (2017) noted that side effects such as
transient vomiting and paradoxical reactions are generally mild and do not typically require medical
intervention [14]. Similarly, Hayrullah Alp et al. (2019) reported an increased incidence of
gastrointestinal symptoms like nausea and vomiting [18], Yang et al. (2014) observed instances of
agitation associated with the drug’s use [19]. However, more severe concerns have also been
documented. Vade et al. and Chen et al. identified mild respiratory depression as a significant risk
[5,20]. Rahim et al. (2023) highlighted critical issues including bradycardia, apnea, and reduced
oxygen saturation, compounded by variability in the duration of sedation effects, posing challenges
to consistent clinical application and patient safety [17]. Alotaibi et al. (2014) specifically noted
hypoxia as the most common severe adverse event, particularly in infants under two years [21], and
Fong et al. (2021) reported behavioral changes as another serious side effect [6].

However, while the general efficacy and safety of Chloral Hydrate are well-documented, there
appears to be a significant gap in targeted research specifically addressing the median induction
time—that critical period from administration to the onset of effective sedation. This phase is pivotal,
as it directly impacts the scheduling, efficiency, and overall execution of MRI procedures.
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Understanding the median induction time is essential for optimizing patient flow and minimizing
the duration for which children are required to be under sedation, thereby reducing potential
exposure to any sedation-related risks. Despite its prevalent use, detailed explorations into the factors
that influence this induction time are sparse. Current literature often clusters outcomes into broad
success rates or focuses on post-sedation recovery and side effects, leaving a crucial aspect of
sedation—the time to effective sedation—less explored. This oversight can lead to inefficiencies in
clinical practice and potential discomfort or increased risk to pediatric patients. Thus, our research
aims to fill this gap by methodically evaluating both the efficacy and the specific determinants of
median induction time for Oral Chloral Hydrate in pediatric MRI procedural sedation. By identifying
these key determinants, we can contribute to refining sedation practices, ensuring they are both safe
and precisely timed to enhance the efficacy of pediatric MRI procedures. This study will not only
expand the existing knowledge base but also provide a grounded framework for future research and
clinical guidelines tailored to pediatric sedation need

2. Materials and Methods

This retrospective study was conducted to assess the efficacy of oral chloral hydrate as
procedural sedation for pediatric MRI examinations. Data were collected from electronic medical
records (EMRs) of pediatric patients who underwent MRI procedures between October 2018 and
December 2022 at the Pediatric ward of Imam Abdulrahman Bin Faisal Hospital in Dammam, Saudi
Arabia. The hospital is part of the National Guard Health Affairs and has a total capacity of 100 beds,
with the pediatric ward specifically holding 20 beds. This facility records an average annual
admission rate of 1,200 pediatric patients, with rates often surpassing the ward’s capacity during the
winter months.

Ethical Considerations

The study protocol was reviewed and approved by the Institutional Review Board (IRB) of King
Abdullah International Medical Research Center, Riyadh, Saudi Arabia, under the reference number
RD20/004/D. All procedures followed were in accordance with the ethical standards of the
responsible committee on human experimentation and with the Helsinki Declaration of 1975, as
revised in 2000.

Participants

The study population consisted of pediatric patients who received oral chloral hydrate for
sedation during MRI procedures. Inclusion criteria were patients aged between 1 month to 8 years
who were electively admitted for MRI scans with oral chloral hydrate procedural sedation. Exclusion
criteria included patients with known allergies to chloral hydrate, those who received alternative
sedatives, and those with incomplete medical records,

Preparation and Sedation Protocols

The sedation protocol for pediatric MRI involves a comprehensive and systematic approach to
ensure patient safety and procedural efficacy. Initially, elective admission is done the previous
evening, allowing for thorough preparation. Patients and their caregivers give consent for MRI and
procedural sedation, ensuring informed participation. A critical step involves a pre-sedation
assessment conducted by a certified provider skilled in procedural sedation, evaluating the patient’s
suitability for sedation and identifying any potential risks. To prepare for sedation, patients are
required to fast—remaining nil by mouth for at least 8 hours overnight—to minimize the risk of
aspiration during the procedure. Oral Chloral Hydrate, dosed between 50-100 mg/kg, is administered
to induce sedation.
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Monitoring and Safety Precautions

Monitoring of the sedation depth is crucial and is conducted using the Ramsay Sedation Scale
along with vital signs to ensure the patient remains in a safe sedative state (typically aiming for a
Ramsay score of 3-4). Once the desired sedation level is achieved, the patient is carefully transferred
to the MRI table. Continuous monitoring of the patient’s pulse oximetry and blood pressure is
maintained throughout the MRI to detect and respond to any physiological changes promptly. The
success of the sedation protocol is ultimately judged by the completion of the MRI procedure without
any need for re-scans and the production of high-quality images, indicating minimal to no movement
from the patient. This process ensures both the safety of the patient and the diagnostic utility of the
MRI procedure.

Data Collection

Data for this study were extracted from electronic medical records (EMRs), focusing on specific
covariates: Age was categorized into infants (0-12 )months , Child (> 12 to 168 months); Gender was
noted as Male or Female; Weight was measured in kilograms at the time of MRI; Diagnosis was
classified as neurological (1) or non-neurological (0); Chloral Hydrate Dose (Chdose) was recorded
in milligrams to indicate the total dose administered; Multiple Dose was identified as either a single
(0) or multiple doses (1); Time to Induce Sleep (TTS) was documented in minutes from medication
administration to sleep onset; Duration of MRI (DOMRI) represented the total time taken for the MRI
procedure in minutes; Event was documented as successful (1) or failed (0) induction of sleep; and
Outcome was defined as either a successful completion of MRI without interruption (Success) or a
failure to complete MRI (Fail).

Statistical Analysis

In this study, we employed a comprehensive analytical approach to assess the efficacy and
determinants of median induction time for oral Chloral Hydrate in pediatric MRI procedural
sedation. Our dataset, comprised of both numerical and categorical variables, enabled a multifaceted
exploration of the demographic and clinical characteristics influencing sedation outcomes.

Descriptive and Inferential Statistics

We began with descriptive statistics to summarize the central tendencies and dispersions of all
variables. Numerical variables such as Age, Weight (Wt), Chloral Hydrate Dose (Chdose), Time to
Sedation induction (TTS), and Duration of MRI (DOMRI) are presented as medians with 25th and
75th percentiles. Categorical variables—Gender, Diagnosis, Multidose administration, and Sedation
Outcome—are reported as frequencies and percentages, providing a clear demographic and clinical
profile of the study population.

Inferential Analysis

We compared groups with successful and unsuccessful sedation outcomes using non-
parametric tests due to the ordinal nature of some data and the non-normal distribution of continuous
variables. The Mann-Whitney U test was applied to evaluate differences in age and weight between
groups, while the Chi-square test assessed categorical variables such as gender and diagnostic
categories.

Time-to-Event Analysis

The efficacy of sedation protocols was further scrutinized using time-to-event (survival)
analysis. The Kaplan-Meier method was utilized to estimate the survival function for the time to
induce sleep, providing a visual depiction of the decline in wakefulness over time across different
diagnostic categories. Log-rank tests evaluated the statistical significance of differences between
survival curves. Additionally, we applied Cox proportional hazards regression to model the time to
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induction of sleep as a function of multiple covariates simultaneously, including age, gender, weight,
diagnosis, Chloral Hydrate dose, and MRI duration. This method allowed us to estimate hazard
ratios for each predictor, identifying those significantly associated with the timing of sedation.

Robustness Checks

To ensure the reliability of our findings, sensitivity analyses were conducted. The robustness of
the median induction time estimate obtained from the Kaplan-Meier analysis was verified through
bootstrap resampling techniques. This method provided a 95% confidence interval for the median
time to induction, confirming the stability and precision of our estimate.

Statistical Software and Tools

All statistical analyses in this study were conducted using R software, version 4.0.2. For
descriptive and inferential statistics, we utilized the ‘tableone’ package, which efficiently
summarized baseline demographic and clinical characteristics. The ‘survival® package played a
crucial role in performing the survival analysis, while the "boot" package was employed to conduct
robustness checks through bootstrap procedures. Additionally, OpenAl ChatGPT-4 was utilized for
generating visualization plots, enhancing the interpretability of our results.

These tools collectively facilitated the efficient handling of complex statistical models and
rigorous data assessment. This robust analytical framework allowed for a comprehensive
investigation into the factors affecting the efficacy of oral Chloral Hydrate for sedation in pediatric
MRI procedures. Our approach highlighted significant predictors and provided evidence-based
insights, which are instrumental for optimizing clinical practice and guiding future research.

Results

Our analysis includes a broad dataset of numerical and categorical variables that provide
insights into the study population’s demographics and clinical characteristics. The individuals’
median age was 30 months (IQR: 11.5 - 48.0), and their median weight was 11.9 kg. Chloral hydrate
dosing, which is critical for sedation, had a median of 66.0 mg (IQR: 50.95 - 74.35)/kg/dose, consistent
with our pediatric procedures. The median Time to Induce sedative (TTS) was 30 minutes (IQR 23-
45), indicating sedative efficiency. Females made up 61.75% of the cohort in categorical variables,
which may have an impact on sedative dynamics. Neurological diseases were the most common
diagnostic category (75.41%), underscoring the need of MRI in these instances. Multiple doses were
rarely necessary, with only 19.23% receiving more than one dose, showing effective initial sedation
in most cases. Sedation success was high at 85.79%, with failed outcomes (14.21%) indicating a need
for more inquiry. Complications from chloral hydrate sedation were quite rare. 15 patients (8.20%)
vomited, 21 patients (11.48%) experienced nausea, and 8 patients (4.37%) were agitated. These
findings show that nausea was the most common problem, followed by vomiting, while agitation
was the least reported adverse event. (Table-1).

Table 1. Patient demographics, sedation characteristics, and outcomes for pediatric MRI sedation
using oral chloral hydrate. Data are presented as Median (IQR) for continuous variables and n (%) for
categorical variables.

Variable Results
Age [Median (IQR)] 30(11.5-48)
Weight(kg) [Median (IQR)] 11.9(8.0-16.7)
Chloral Hydrate Dose /kg [Median (IQR)] 66(50.95-74.35)
Time to induce Sleep (Minutes) [Median (IQR)] 30(23-45)
Duration of MRI [Median (IQR)] 60(50-80)
RAMSAY Score 4(4-5)
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Gender n (%)
Male 70(38.25%)
Female 113(61.75%)
Diagnosis, n (%)
Neurological, n (%) 138(75.41%)

Non-neurological, n (%) 45(24.59%)
Multidose, n (%)
Yes 35(19.23%)
No 147(80.77%)
Outcome, n (%)
Success 157(85.79%)
Fail 26(14.21%)
Complications, n (%)
Vomiting 15(8.20%)
Nausea 21(11.48%)
Agitation 8(4.37%)

Moreover, our study examined clinical data to determine characteristics that influence
procedure outcomes, comparing groups with successful (Success CS, n=167) and unsuccessful
outcomes (Fail CS, n=16) .The Fail CS group had a greater median age (48 months) than the Success
CS group (28 months), indicating that younger patients are more likely to succeed, albeit this was not
statistically significant (p=0.063). Gender distribution revealed no significant difference (p=0.838).
Weight was significantly higher in the Fail CS group (p=0.058), indicating a possible relationship
between increased body weight and failure. The chloral hydrate dose and the prevalence of
neurological diagnoses were comparable between the groups (p=0.863 and p=0.792, respectively).
However, Time to Sleep (TTS) differed considerably, with the Fail CS group requiring a median of 60
minutes against 30 minutes in the Success CS group (p<0.001). This suggests that faster sedation leads
to greater success. Multiple dosage treatment resulted in no variation (p=1.000). These findings
highlight the role of induction speed, age, and weight in determining procedural success. (Table-2)

Table 2. Comparison of patient characteristics between failed and successful conscious sedation (CS)
outcomes. Continuous variables are presented as median [IQR], and categorical variables are shown
as percentages. Statistical significance is indicated by P values. .

Variable Fail CS Success CS | P value
N 16 167

Age (median [IQR]) 48[17.5, 72] 28.00 [10.5, 48] 0.063
Gender (%) Male 9 (56.2) 104 (62.3) 0.838
Wt (median [IQR]) 15.30 [9.40, 21.23] 11.7 [7.93, 15.5] 0.058
Diagnosis (%), Neurological 13 (81.2) 125 (74.9) 0.792
Chloral dose (median [IQR]) 67 [54.58, 74.45] 65.8 [50.61, 74.35] 0.863
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Time to Sleep (median [IQR]) 60 [60,60] 30 [20, 40] <0.001

Multiple dose (%), Yes 3(18.8) 32 (19.3) 1.000

Figure 1 depicts the Kaplan-Meier survival curve for the chance of inducing sleep over time via
oral chloral hydrate dosing. The graph shows a dramatic fall in sleep induction probability during
the first 30 minutes, with a green dashed line representing the median period when 50% of the
population is projected to be sleeping. The continuous fall indicates a decreasing likelihood of sleep
induction beyond this stage. The reasonably stable slope after 30 minutes suggests a continuous
decline in the likelihood of producing sleep over time, which could be important for evaluating
sedation protocols and time-sensitive clinical procedures

Figure 2 shows Kaplan-Meier curves comparing sleep induction probabilities over 60 minutes
for neurological (solid blue) and non-neurological (dashed yellow) juvenile patients. Initially, both
groups had a 100% chance of being awake, which declines gradually over time. By the end of the
observation period, the survival probabilities have converged, with no significant differences in sleep
induction times across groups (p = 0.64). The 95% confidence intervals, given by shaded areas,
overlap, implying that sleep induction characteristics are similar across both diagnostic groups. This
uniformity is reflected across the timeline, suggesting that neurological status has no substantial
influence on chloral hydrate’s efficacy in inducing sleep during the study period.

Probability of induce sleep in minutes with oral Chloral Hydrate
i === Median time: 30 min

1.0

o o
o )

Probability of induce sleep
o
F'S

0.2t

20 a0 60 80 100 120 140
Time to sleep in minutes

Figure 1. Kaplan-Meier survival curve displaying the probability of inducing sleep over time post-

administration of oral Chloral Hydrate. The median time to induce sleep (30 minutes) is marked with

a green dashed line, demonstrating the point at which 50% of the sample population is expected to
be asleep.
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Figure 2. Kaplan-Meier curves depict survival probabilities for neurological (solid blue) and non-
neurological (dashed yellow) patients over 60 minutes, both starting at 100% and declining similarly
(p = 0.64). Shaded areas indicate 95% confidence intervals. The x-axis shows time in minutes, and the

y-axis displays survival probability (%). A table below details the number of patients at risk at various
times.

Figure 3 illustrates hazard ratios from a Cox proportional hazards model assessing parameters
influencing sleep induction time in children taking oral Chloral Hydrate for procedural sedation,
based on 169 patients and 158 events. Age, gender, weight, diagnosis, chloral hydrate dose, and MRI
duration were among the key characteristics evaluated. The results show that age, gender, weight,
diagnosis, and dose have no significant effects on sedation timing, with p-values greater than 0.05.
However, the necessity for numerous doses considerably increases the duration to produce sedation
(HR = 0.51, CI: 0.31 - 0.84, p=0.008), indicating that this is a significant role in delay. The model’s
global log-rank p-value of 0.007568 and 0.6 concordance index indicate modest model adequacy,
emphasizing the significance of dosage repetition in predicting sedation outcomes.
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Figure 3. This plot visualizes the hazard ratios for various predictors affecting the time until sleep
induction in children administered oral Chloral Hydrate for procedural sedation, analyzed using a
Cox proportional hazards model. Data from 169 patients are depicted with 158 events observed.
Predictors include Age, Gender, Weight (Wt), Diagnosis (with Neurological as the reference
category), Chloral Hydrate Dose (Chdose), and Duration of MRI (DOMRI). The plot illustrates each
predictor’s hazard ratio (HR) with corresponding 95% confidence intervals (Cls), demonstrating that
none of the individual predictors significantly influence the time to achieve sedation at the p < 0.05
level. Notable metrics include a global log-rank p-value of 0.04354 and a concordance index of 0.58,
indicating moderate model adequacy.

Figure 4 shows a detailed statistical study of sedation success rates by age group and outcome
distribution by weight. In the first figure, newborns had a significantly higher success rate in sedation
than older children, but the difference is not statistically significant (p-value = 0.060). This implies a
pattern in which age influences sedative efficacy, although more data may be required to reach a firm
conclusion. The second chart, which displays the result distribution by weight, shows a significant
difference in weight between children who had successful versus failed sedation outcomes (p-value
=0.001). This suggests that lighter children are more likely to experience effective sedation outcomes.
These figures show how important it is to consider both age and weight when establishing and
evaluating pediatric sedation treatments.
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Figure 4. Left Plot: This horizontal bar chart shows the success rate by age group with error bars,
including a p-value annotation for age group comparison. It details how the outcomes vary between
the two age groups. Right Plot: The violin plot on the right compares the distribution of patient
weights across the outcomes, annotated with the Mann-Whitney U test p-value to determine if weight
differences significantly impact the success or failure of sedation.

Figure 5 compares mean RAMSAY scores by sedation outcome, revealing a significant difference
between successful and unsuccessful sedative attempts. A T-statistic of 19.73 and a P-value of 0.000
indicate that effective sedation outcomes are related with significantly higher RAMSAY scores,
around 5, compared to failures, which average around 2. This statistical research strongly validates
the RAMSAY scale’s effectiveness in determining sedative level, indicating that higher scores, which
indicate deeper sedation, have a substantial correlation with sedation success. These findings
highlight the necessity of establishing an acceptable level of sedation, as indicated by the RAMSAY
score, to improve the chances of successful sedation in pediatric procedures like MRI scans.
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Figure 5. Mean RAMSAY Score by Outcome with Error Bars. Bars represent the mean scores for
successful (green) and failed (red) pediatric MRI sedations, with error bars showing one standard
deviation. Black horizontal lines indicate the upper limits of variability, covering 25% of each bar’s
width. A significant difference is evidenced by a T-statistic of 19.73 and a P-value of 0.000,
highlighting the disparity in sedation effectiveness between outcomes.

Sensitivity Test

In the context of your study on the efficacy of oral Chloral Hydrate for inducing sleep in pediatric
patients, the KM survival curve offers an estimate of the median time to induce sleep, calculated as
30 minutes. This means that half of the patients are expected to fall asleep within 30 minutes of
administration. To assess the robustness and validity of this KM estimate, we employed a bootstrap
method—a powerful statistical technique that involves repeatedly sampling from the data with
replacement to estimate the sampling distribution of a statistic. Here, the statistic of interest is the
median time to induce sleep.

The bootstrap analysis you conducted, which involved 10,000 samples, provides a 95%
confidence interval (CI) of 29 to 34 minutes for the median time. This confidence interval is
particularly valuable because it quantifies the uncertainty around the KM estimated median time.
The fact that the original KM estimate of 30 minutes falls comfortably within this range lends
credibility to its accuracy. Moreover, the relatively narrow span of the confidence interval indicates
a high level of precision in the estimate. Thus, the agreement between the KM estimate and the
bootstrap-derived confidence interval enhances the validity of your findings. It confirms that the
estimated median time to induce sleep is not an artifact of sample bias or random chance. Instead, it
is a reliable statistic likely to be replicated in other samples drawn from the same population. This
robust methodological approach enhances the credibility and scientific rigor of your study’s
conclusions, making them more compelling for clinical application and further research.(Figure-6)
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Bootstrap Distribution of Median Time to Sleep
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Figure 6. Histogram representing the bootstrap distribution of the median time to induce sleep,
derived from 10,000 bootstrap samples. The original median time is indicated by a red dashed line at
30 minutes, with the 95% confidence interval marked by green dashed lines at the 2.5% (29 minutes)
and 97.5% (34 minutes) percentiles.

4. Discussion:

Efficacy Analysis of Oral Chloral Hydrate for Pediatric MRI Sedation, a Comparative Perspective

Our study on the efficacy of oral Chloral Hydrate (OCH) for pediatric MRI procedural sedation
revealed a success rate of 85.79%. This performance aligns closely with other significant findings,
though it falls short of the highest rates in the literature. For instance, Ingeborg de Rover et al. (2022)
reported a pooled success rate of 94% [7], while Greenberg SB documented a 91% success rate [1].
These results underscore OCH’s capability to effectively sedate pediatric patients, a point supported
by Malviya S et al. (2000), who observed only a 7% failure rate [2], and Vade et al., who reported a
100% success rate for specific imaging procedures and age groups [5].

Comparative assessments further elucidate OCH’s relative effectiveness. Rooks et al. (2003)
found no significant differences between OCH and oral pentobarbital sodium [22], whereas Lyu et
al. (2022) noted that dexmedetomidine had a 14% higher success rate than chloral hydrate [23].
Contrarily, O’'Hare et al. (2021) reported higher success rates with OCH compared to both
dexmedetomidine and midazolam. Similarly, Chen et al. (2019) compared OCH to rectal sodium
thiopental, showing success rates of 82.9% for OCH versus 87.1% for the latter (20). Highlighting
another comparative, James D’ Agostino (2000) found Chloral Hydrate achieved a 100% success rate
in completing intended scans without supplementary dosing, whereas Midazolam had a 50% success
rate, often requiring additional doses [24]. Furthermore, Delgado et al. confirmed Chloral Hydrate’s
high efficacy in achieving desired sedation levels for MRI scans in children, comparing favorably or
superiorly to Midazolam, which frequently requires additional dosing due to its variable efficacy
rates(25). These findings collectively affirm the robust efficacy of oral Chloral Hydrate in pediatric
sedation for MRI, positioning it as a viable choice compared to alternative sedatives, tailored to
specific clinical needs and contexts.
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Median Induction Times for Sleep

In our study, the median time to induce sleep using oral Chloral Hydrate (OCH) for MRI
procedural sedation was established at 30 minutes, which is consistent with several previous studies
but reveals interesting variations across different research contexts. For instance, S. Bruce Greenberg
et al. and Ronchera-Oms CL, report slightly shorter median induction times of approximately 26+1
minutes and 30 minutes, respectively, underscoring a potential variability in patient response to OCH
[1,26]. Conversely, Malviya et al. (2000) found a notably longer median time of 42.4 minutes [2],
suggesting that factors such as patient age, dosage, and clinical setting can significantly influence
sedation kinetics.

Other studies, like that by Mijung Park et al. (2023) and Treluyer JM, report even shorter average
times to sedation, approximately 19.51 minutes and 25 minutes, respectively, highlighting the rapid
action of OCH under optimal conditions [27,28]. Similarly, Rooks et al. (2003) noted a swift mean
sedation time of 16 minutes with OCH, compared to 19 minutes for pentobarbital, indicating a
quicker onset with chloral hydrate in some clinical scenarios [22]. This variability in sedation
induction times across different studies and sedatives reflects the complex interplay of
pharmacological, physiological, and procedural factors that can affect the efficacy of sedation
protocols.

Insights from Advanced Time to Event Analysis

Our study leverages a Time to Event data analysis, an advanced statistical method not widely
used in pediatric sedation research. This approach enables a nuanced analysis of factors influencing
sedation onset, providing a higher resolution than traditional average or mean time methods.
Additionally, we employed bootstrap techniques on our Kaplan-Meier survival analysis to explore
the distribution of sedation induction times in greater detail. From 10,000 bootstrap samples, we
identified a median induction time of 30 minutes, with a 95% confidence interval ranging from 29 to
34 minutes. Notably, the 97.5th percentile at 34 minutes serves as a conservative benchmark for
clinical practice, suggesting that extending wait times to this duration would likely achieve adequate
sedation in most children.

Furthermore, the Kaplan-Meier survival plot underscores a sharp decrease in the probability of
sleep induction within the first 30 minutes, reaching a median where approximately half of the
children are sedated. Extending this waiting period to 60 minutes ensures near-complete sedation, as
evidenced by the curve’s plateau beyond this point. Such an extension represents a prudent strategy
to enhance sedation coverage, especially useful in minimizing procedural interruptions and the need
for repeat scans. This methodology not only bolsters the reliability of our findings but also enriches
our understanding of sedation dynamics, thus aiding the refinement of dosing protocols and timing
strategies to boost procedural efficiency and safety in pediatric MRI settings.

Demographics and Major Determinants of Sedation Induction Time

Our findings indicate that infants generally have higher sedation success rates compared to
older children, although this difference is not statistically significant (p-value: 0.060). This observation
aligns with extensive research indicating that age is a crucial determinant of sedation success in
pediatric patients. Notably, Greenberg SB (1993) and Malviya S et al. (2000) all report that older
children, particularly those over 48 months, tend to experience higher rates of sedation failure, with
older children often requiring increased dosing or encountering more complications during sedation
[1,2]. Similarly, studies by Hijazi OM (2014) and Chen et al. (2019), underscore that chloral hydrate is
significantly more effective in younger patients, particularly infants, where the success rates are
notably high [13,20] . This pattern is supported by additional research by Rooks et al. (2003) and Fan
et al. (2021), which suggest that younger and lighter children exhibit better outcomes, likely due to
differences in metabolic and physiological responses to sedation [22,29] . Moreover, systematic
reviews such as that by Li et al. (2020) reinforce the notion that younger children respond more
favorably to sedation, particularly with chloral hydrate, before the age threshold of 48 months,


https://doi.org/10.20944/preprints202409.1352.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 18 September 2024 d0i:10.20944/preprints202409.1352.v1

14

beyond which the effectiveness decreases [30]. These findings collectively highlight age as a
significant and consistent factor influencing the success of pediatric sedation, suggesting a need for
tailored sedation strategies that accommodate the unique physiological profiles of younger patients.

Additionally, our analysis and several studies indicate that gender does not significantly
influence the efficacy of oral Chloral Hydrate sedation in pediatric patients. This finding is consistent
across multiple studies. Chen et al. (2019) found no significant differences in sedation response
between male and female pediatric patients across various age groups, suggesting that oral Chloral
Hydrate is uniformly effective regardless of gender [20]. Similarly, Azizkhani et al. (2014) and Frush
and Bisset (1995) observed no notable differences in sedation outcomes related to gender, confirming
its consistent effectiveness [10,31]. Roach et al. (2010) also reported no significant differences in
sedation success rates between genders among preschool children, reinforcing that gender does not
impact the efficacy of oral Chloral Hydrate in pediatric echocardiographic procedures [8]. These
studies collectively underscore that gender is not a determinant in the success of oral Chloral Hydrate
sedation.

Moreover, our study demonstrates that weight significantly impacts sedation success, with
successful outcomes more likely in patients with lower median weights (p-value: 0.001). This finding
is consistent with other research indicating that lighter weight enhances the efficacy of sedation
protocols. Wilson et al. (2014), Lee YJ (2012), and Rooks et al. (2003) all observed that lower body
weight in pediatric patients was associated with higher sedation success rates using oral Chloral
Hydrate [9,22,32]. These studies underscore the importance of considering weight in the
administration of sedation, as variations in body weight can significantly influence both the
effectiveness and safety of sedative drugs in pediatric settings.

Furthermore, this study demonstrates that while the dosage of Chloral Hydrate (CH) does not
significantly affect the time to induce sedation (HR = 1.000, p = 0.928), multiple doses substantially
prolong the induction process (HR = 0.506, p = 0.008). This indicates that additional doses may delay
achieving adequate sedation. Supporting this, Glasier et al. (1995) and Alotaibi et al. (2014) note that
approximately 15% of patients require a second dose for effective sedation, emphasizing the need for
careful management of cumulative doses to optimize sedation effectiveness and minimize risks
associated with excessive dosing [12,21].Fong et al. (2021) report that subsequent doses of CH
typically extend the time needed to reach adequate sedation, complicating sedation management in
clinical settings [33]. Conversely, Litman et al. (2010) suggest that while multiple doses are sometimes
necessary, they do not inherently pose additional safety risks [34]. Similarly, Hijazi et al. (2014) find
that CH often requires fewer additional doses than midazolam, indicating a longer-lasting sedative
effect [13]. These findings highlight the importance of strategic dosing in pediatric sedation with CH,
particularly when multiple doses are involved, to ensure both efficacy and safety in prolonged or
complex procedures.

Our study suggested HR 0.96, p=0.82, no difference in sedation induction time between
neurological and non-neurological case. the study by Malviya et al. (2000), those with higher ASA
(American Society of Anesthesiologists) statuses, which often include children with more severe
neurological conditions, showed higher rates of sedation failure and inadequate sedation
[2].Additionally, Mataftsi et al. (2017), Health status plays a significant role in the administration of
CH. The review highlights that severe adverse events are often related to pre-existing comorbidities
[14] .Sandberg KL, (2013) This indicates that CH might be well-tolerated in subjects without pre-
existing conditions that could compromise their response to sedatives [35]. Moreover, author Jung
(2020), health status significantly influences sedation choices and outcomes. Children with specific
health conditions, such as neurodevelopmental disorders, may respond differently to certain
sedatives, exhibiting increased adverse effects or decreased efficacy [36]. Abdulrahman AN (2024),
specific health conditions like mental retardation often require sedation due to their inability to
remain still during MRI scans [37]. These findings suggest that while CH is effective for pediatric
sedation, its administration should be carefully tailored to the child’s health and neurological status.
Optimizing procedural protocols to accommodate diverse medical needs of children could enhance
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sedation efficacy and safety. Further research is needed to refine sedation management strategies for
pediatric MRI procedures.

Clinical Implications and Future Directions

The findings regarding the use of oral Chloral Hydrate (OCH) for pediatric MRI sedation are
highly relevant for clinical practice. The study confirms OCH’s efficacy and safety, aligning with
previous research that highlights its success in achieving sedation with minimal complications. This
supports continued use of OCH in pediatric settings, emphasizing its advantages over other sedatives
like oral promethazine and midazolam. Clinically, this can translate to more efficient MRI procedures
with reduced need for re-sedation and minimized patient stress, especially beneficial in pediatric care
where non-invasiveness is crucial.

The research points to several areas for future investigation, particularly exploring the
variability in median induction times and how they are affected by factors such as patient age and
dosage. Future studies could focus on a broader age range and examine the pharmacokinetics and
dynamics of OCH in different pediatric subgroups. Additionally, exploring alternative sedation
protocols or combination therapies that could reduce the onset time and enhance sedation quality
would be beneficial. Such research could lead to more tailored and effective sedation practices,
improving both patient experience and procedural efficiency.

Strengths

The study’s methodological rigor represents a notable strength. It employs advanced time-to-
event data analysis, offering a detailed and nuanced view of the factors influencing sedation
efficacy —this represents a significant advancement over traditional mean-based methods. The
comprehensive use of statistical analyses, including Kaplan-Meier and Cox proportional hazards
models, allows for an in-depth examination of the sedation process, thus enhancing the reliability
and applicability of the findings. Adding to this strength, the incorporation of a sensitivity test with
bootstrapping further solidifies the study’s robustness. This technique ensures the stability and
reliability of the median induction time estimates by generating a distribution of possible outcomes
through repeated sampling. The resulting 95% confidence interval from the bootstrap analysis
provides rigorous assessment of the uncertainty around these estimates, bolstering the credibility
and scientific integrity of the findings. Collectively, these methodological approaches ensure that the
study’s conclusions are well-supported and provide valuable insights for clinical practice, setting a
high standard for future research in pediatric sedation protocols.

Weaknesses and Mitigation Strategies

A potential weakness of the study is the limited generalizability due to the specific demographic
and clinical settings. The findings are based on a retrospective single-center study, which might not
reflect wider pediatric populations or different healthcare settings. To mitigate this, future research
should include multi-center trials involving a diverse patient demographic to confirm the findings
and enhance the external validity. Additionally, longitudinal studies could provide insights into the
long-term effects of OCH sedation and its clinical outcomes across various settings. These summaries
provide a comprehensive view of the study’s implications for pediatric sedation practice,
highlighting the need for ongoing research and methodological innovations to optimize sedation
protocols in pediatric MRI settings. Finally, randomized control trials with multicenter, double
blinded study needed to get more scientific insight.

5. Conclusions

This study demonstrates the high efficacy of oral Chloral Hydrate for pediatric MRI sedation,
achieving an 85.79% success rate. It highlights that age and weight are crucial determinants of
sedation outcomes, with younger, lighter patients experiencing better results. Extending the waiting
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period to 60 minutes significantly improves success rates. The findings suggest that fine-tuning
dosage and timing can optimize sedation effectiveness.
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