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ABSTRACT 
Objective: To assess the efficacy and safety of the use of midazolam as monotherapy, compared to the 
associated use of midazolam and hydroxyzine for minimum and moderate sedation of children in dental offices, 
using data obtained from clinical trials. Material and Methods: A systematic review protocol was developed 
and registered on PROSPERO (CR42020208633). An electronic search was carried out in Pubmed, Lilacs, 
Science Direct, Open Gray, Web of Science, and central Cochrane Library. No language restrictions were 
included. Clinical trials were carried out with children aged 0-12 years, using midazolam as monotherapy 
compared to the use of midazolam associated with hydroxyzine to verify the effectiveness and safety of oral 
sedation. The quality of the studies was individually assessed and grouped using the RoB 2 (Revised Cochrane 
risk-of-bias tool for randomized trials) and GRADE (Grading of Recommendations Assessment, 
Development and Evaluation) systems, respectively. Results: A total of 749 studies were found. After 
analyzing the inclusion and removal of duplicates, two studies were analyzed for the quality of evidence. 
Through this analysis, it was possible to verify the very low level of scientific evidence on the superiority of 
the efficacy and safety of the combined use of midazolam and hydroxyzine for oral sedation in children in 
dental offices. Conclusion: The conflicting results and limitations of the studies enabled to establish that 
there is insufficient evidence to support the use of these drugs combined. There is only evidence for the use 
of midazolam as monotherapy. 
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Introduction 

Dental treatment is often associated with unpleasant feelings for various individuals, namely leading to 

moments of stress and pain, being strictly potentialized by feelings of anxiety and fear, impairing clinical 

practices for both patients and professionals [1]. Regarding pediatric patients, who are not often cooperative 

during dental care, treatment becomes even more challenging [2]. Despite the great technological breakthrough 

in dental care, the clinical success of pediatric dentistry still requires great levels of cooperation from children, 

who, at times, present an immature cognitive or special needs behavior, inherent from either physical or mental 

health issues [3]. Studies reveal that 11% of normoreactive children have an acute fear of going to the dentist, 

which increases significantly in children with special needs [4]. In this regard, preoperative oral sedation is 

considered a safe and effective alternative for a more protective and comfortable dental treatment [5]. 

The choice of medication depends on individual risk analyses, as well as of the procedure and the 

singularities of every pediatric patient, which can either depend on local or systemic characteristics [6]. 

Midazolam is a benzodiazepine medication and is considered the first choice for the conscious sedation of 

children, although its use is recommended when anxiety levels and clinical times are moderate. In cases when 

the use of medication proves to be more challenging or when requiring longer intervention periods, midazolam 

can be used in combination with Other pharmacological agents, such as hydroxyzine, a first-generation 

antihistamine capable of potentializing sedation or providing greater relaxation and sleepiness [7]. 

The combined use of these medications is justified by their different mechanisms and acting sites on the 

central nervous system, which is corroborated by a synergistic effect, potentializing sedation [2,8]. However, 

there are still scientific gaps regarding the wide recommendation of the combined use of these medications, 

namely in terms of standard dosage, administration, side effects and their efficacy [9]. In this regard, the present 

systematic literature review is aimed at analyzing the efficacy and safety of the use of midazolam as monotherapy, 

compared to the associated use of midazolam and hydroxyzine for minimum and moderate sedation of children 

in dental offices. 

 

Material and Methods 

Literature Review 

A systematic review protocol was developed and registered on PROSPERO (CR42020208633), which 

guided the search and analysis of data. In December 2020, the eligible studies were identified by an analysis of 

PubMed, Scopus, Lilacs, Open Grey, Science Direct, Web of Science and Central Cochrane databases. The search 

strategy was developed to answer the following PICO question: What is the effectiveness and safety of the 

associated use of midazolam and hydroxyzine for oral sedation in children when compared to midazolam as 

monotherapy? 

Keywords (MeSH and/or words) and Boolean operators were used to ensure a wider search for the 

subsequent analysis of the inclusion criteria. The following words were appropriately combined and modified for 

each platform: “Child; Children; Pediatric Dentistry; Anxiety; Sedation; Morbidity; Complications; Adverse 

Effects; Behavior; Hydroxyzine; and Midazolam. The search was independently carried out by two calibrated 

researchers and any disagreements were resolved by consensus or through a third revisor. The detailed research 

strategy for each platform can be requested to the authors and/or consulted in Supplementary Table 1. 
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Inclusion Criteria 

In order to be included in the study, papers should meet the following criteria: be in an article format; 

have a title and abstract similar to the objectives of the present work; have full text published; studies addressing 

the effectiveness in controlling anxiety in children aged between 0- 12 years old and/or the possible side effects 

of the use of midazolam as monotherapy and its association with hydroxyzine as oral sedation; studies involving 

children who underwent dental procedures; and work involving clinical trials. No language restrictions or 

specific time frames were imposed until December 2020. 

All works which did not comply with these criteria were excluded, as illustrated in Figure 1, with the 

selected articles being read and assessed in full for final inclusion in the results section. Any disagreements 

regarding the inclusion of papers were resolved by consensus. 

 

Data Extraction 

With the full papers available, the following data were extracted: authors, year of publication, sample 

categorization, doses employed, results of the primary outcome (effectiveness), results of the secondary outcome 

(side effects), assessment scale and main conclusions. 

 

Quality Assessment 

The quality assessment of each individual manuscript was carried out through the Cochrane risk of bias 

tool (RoB 2), which assesses the risk of bias taking into account the following domains: domain 1- Risk of bias 

arising from the randomization process; domain 2 - Risk of bias due to deviations from the intended interventions 

(effect of assignment to intervention); domain 3 - Missing outcome data; domain 4 - Risk of bias when measuring 

the outcome; domain 5 - Risk of bias in the selection of the reported result. Following the analysis of these five 

domains, the overall risk of bias of each study was verified. The combined quality of the studies was evaluated 

through the GRADE criteria system to identify any limitations, inconsistencies, indirect evidence, inaccuracies 

and any other relevant considerations. Through this analysis, it is possible to classify the quality of evidence as 

high, moderate, low and very low. 

 

Results 

Research Data 

A total of 749 potentially eligible articles were found in the databases selected (Figure 1). Following the 

analysis of titles and abstracts, 40 duplicated articles were identified, which were promptly excluded. Out of the 

709 previously eligible articles, 592 did not meet the specific objective of the present systematic review, with the 

remaining 117 manuscripts being analyzed in full. Subsequently, 115 studies were discarded due to the following 

reasons: a) adult patient or patient with special needs: (n=11); and b) different sedative drug than that considered 

in the object of study: (n=104). Therefore, 2 studies were selected to be included in this systematic review. The 

references included in these 2 studies (n=39) were also analyzed, though no additional manuscript was integrated 

in the present study. 
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Figure 1. Flowchart showing the research steps and selection analysis adopted for the systematic 

review. 
 

General Characteristics of the Clinical Trials Selected 

Two articles were included in this systematic review, one of which was carried out in Brazil while the 

other was in Israel. Both studies were respectively published in 2003 and 2004. Combined, the studies analyzed 

39 children aged between 21 and 56 months old. The doses of medication used also varied between the studies. 

The studies also used different scales to assess the effectiveness of sedation. The characteristics of both studies 

are described in Table 1. 

 

Individual and Combined Quality Assessment of Evidence 

Both studies were individually assessed, according to the 5 domains of the Revised Cochrane risk of bias 

tool for randomized trials (RoB 2). Table 2 presents a summary of these domains for each study, classified as 

high, with some concerns and low. The most critical biases found in both studies regard the selection bias related 

to randomization and random allocation. In the study by Lima et al. [10], randomization was carried out by the 

pediatrician, without considering any scientific randomization technique. The study carried out by Shapira et al. 

[11], only mentions the randomization employed, though the technique used cannot be determined. Both studies 

did not present any differences between any baseline groups as they were crossover clinical trials. Thus, 

following the analysis of the RoB 2 flowchart for domain 1, the first study was classified as of high risk of bias, 

while the second study was classified as being of low risk of bias. 
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Table 1. Individual characteristics of the studies selected for the risk of bias analysis. 

Author Year Sample/Age Type of Study Groups 
Results Primary 

Outcome 

Results 
Secondary 
Outcome 

Assessment Scale Conclusion 

Lima et al. [10] 2003 11 children 
Controlled, crossover 

and double-blind 
clinical trial. 

Group 1: Placebo (P) 

The overall behavioral 
analysis showed that 
group M presented 
significantly better 
results than groups (P) 
and (MH). The success 
rates for each group only 
taking into account 
general scores for 
satisfactory behavioral 
management were 7.7% 
(P), 77.0% (M) and 30.8% 
(MH). Group M showed 
better and more 
statistically significant 
results when compared 
to group P (p=0.011) and 
MH (p=0.022). 

No adverse 
reaction was 
observed and/or 
reported in the 
study during the 
sessions. 

The behavioral 
assessment was 
based on the 
behavioral rating 
scale proposed by 
Houpt. 

The MH group presented 
sleepiness at the beginning of the 
sessions. The overall behavior 
was better in (M) than in (P) and 
(MH). Group (M) was effective 
and safe, while the combination 
(MH) did not lead to significant 
advantages for pediatric dentistry  
sedation. 

Shapira et al. [11] 2004 28 children (21 to 
56 months old) 

Controlled, crossover 
and double-blind 

clinical trial. 

Group 1: Midazolam 
(M) [M = 0.5 

mg/kg] 
 
Group 2: Midazolam 
(M) and Hydroxyzine 
(H) [M = 0.3 mg/kg, 
combined with H = 

3.7 mg/kg]. 

Regarding the 
effectiveness of sedation 
in the overall behavioral 
analysis, both regimes 
presented a 75% success 
rate. Therefore, no 
statistically significant 
difference was observed 
amongst the groups 
(p=0.518) 

No adverse 
reaction was 
observed and/or 
reported in the 
study during the 
sessions. 

A modified version 
of the behavioral 
scale from 
Ohio State 
University was 
used, as well as the 
scale proposed by 
Houpt. 
 

Both approaches are effective for 
sedation. However, the use of 
Midazolam as a sedative drug is 
recommended for short dental 
procedures, with its combined use 
with hydroxyzine being 
recommended for longer 
procedures. 

 

Regarding the analysis of biases in domain 2 (performance bias), it was verified that, in both studies, no child was aware of the interventions applied. However, in 

the study carried out by Lima et al. [10], the parents were previously warned about the possibility of using placebos. Such studies were not assessed intention-to-treat, 

though there was no significant impact on the results for not doing so. Following the analysis of the RoB 2 flowchart for domain 2, the studies were classified as with some 

concerns.  
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Domain 3 addresses the lack or loss of data from the results. For both studies, such domain was classified 

as a low risk of bias, as all data from the results are available in the segments proposed. However, a high risk of 

bias was observed in domain 4 for the two studies due to the use of physical constraints when the dental treatment 

could not be carried out. In the study by Shapira et al. [11], in particular, nitrous oxide was also used in more 

difficult cases of behavioral management. The additional use of these forms of behavior control generated 

confusion biases in terms of the analysis of the results regarding the effectiveness and/or safety of the results. 

Domain 5 analyzes the risk of bias related to the selectivity of the results reported. None of the studies 

specified whether the data was analyzed according to a pre-established protocol before the research. No 

registration of clinical trial is available in the manuscript nor in any registration platform often used in this type 

of study. Nonetheless, both studies assessed the results through assessment scales previously validated in the 

literature, with clear specifications of behavioral diagnosis. Thus, after the analysis of the RoB 2 flowchart, both 

studies presented a low risk of bias. 

 

Table 2. Risk of bias assessment of the studies included in the present study taking into account the five 
domains of the Revised Cochrane risk-of-bias tool for randomized trials (RoB 2). 

Studies 
Domains 

1 2 3 4 5 Overall 
Lima et al. [10] - ? + - + - 
Shapira et al. [11] + ? + - + - 

Key: (+)Low Risk of Bias; (?)Some Considerations; (-)High Risk of Bias. 
 

The quality of evidence was also jointly analyzed using the GRADE system. Therefore, the existence 

of strong limitations and inconsistencies was verified, as presented in Table 3. Among the issues verified, the 

small sample size, issues regarding the choice of clinical design trial, inadequate randomization methods and 

biases regarding the outcome assessment throughout the trial stood out. Through this assessment, it was 

possible to identify that the quality of evidence available regarding the outcome analyzed is considered very low. 

 

Table 3. Flowchart showing the research steps and selection analysis adopted for the systematic review. 
Question: For oral sedation in children, is the combined use of midazolam and hydroxyzine more effective than midazolam 
as monotherapy? Quality analysis by GRADE. 
Context: Oral sedation effectiveness in children in dental setting. 
Number 
of studies 

Design Limitations Inconsistency Indirectness Imprecision Other 
considerations 

Quality 

Outcome: Oral Sedation Effectiveness 
2 

(39 children) 
Crossover 

Clinical Trial 
Serious 

limitations1 
Serious 

inconsistencies2 
No serious 

indirectness 
Serious  

imprecision3 
None Very 

Low 
1. All clinical trials did not have adequate randomization and absence of analysis by intention to treat; 2. There are variabilities in the 
diagnostic criteria for the analysis of the outcome; the children's age was different; The doses were different in the studies analyzed; There 
are deviations from the intended interventions (effect of assignment to intervention - addition of a physical restraint method to assess drug 
sedation); 3. Both studies do not report the sample calculation and have a very small sample. 
 

Results of Studies (Sedation) 

The studies report distinct conclusions regarding the combined use of midazolam and hydroxyzine. For 

Lima et al. [10], this association was not considered more effective than midazolam as monotherapy. On the 

other hand, Shapira et al. [11] ratify that for a longer and deeper sedation, these 2 drugs should be used together. 

However, both papers agree that midazolam as monotherapy is effective for the sedation of children in dental 

offices. Regarding the secondary outcome (safety analysis), none of the studies reported any side effect for any of 

the regimes or drugs analyzed. 
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Discussion 

The limitation regarding the heterogeneity and quality of evidence of clinical trials included in this 

systematic review highlights the need of a more cautious interpretation of individual data of each study [12]. 

Through the analysis of the evidence available, contradicting positions could be observed regarding the 

combined use of midazolam and hydroxyzine in children [13]. Despite being based on the reasoning that two 

drugs acting in different sites of the central nervous system would lead to a synergistic effect and a potential 

reduction in side effects [1], the quality of evidence does not enable to consider this effect as pragmatic. For 

Lima et al. [10], the additional use of hydroxyzine for sedation with midazolam does not lead to any 

improvements to the primary outcome (sedation) or the secondary outcome (side effects). 

Conversely, Shapira et al. [11] recommend the combined use of these 2 drugs, especially When 

requiring deeper sedation. The heterogeneity of these results is a consequence of the methodology employed in 

the two studies. The choice of a crossover clinical leads to natural problems, arising from the possibility of 

generating memory bias. Although in different periods, patients allocated to both groups are biased from the 

previous experience, which may limit the analysis of the effectiveness of both drugs [14]. Thus, parallel-arm 

design and randomized studies need to be carried out more often, as they are more suitable for the assessment of 

the outcomes considered in the present study [15]. 

The heterogeneity observed in the results presented could also be explained by the characterization of 

the patient's age and by the different doses employed. However, none of the studies selected exhibited data on 

the eligibility of patients for sedation to be used prior to dental treatment. This would require a complete and 

complex analysis of the neuro-cardio-respiratory systems, as well as of the medical background and pre-existing 

illnesses. The thorough assessment of these parameters determines good practices of sedation and cannot be 

neglected [16,17]. 

The small sample size reduces the trustworthiness of the results and, thus, the quality and 

recommendation of evidence presented [15]. In total, only 39 children took part in the studies, with 11 being 

part of the study by Lima et al. [10], and 28 children in the study carried out by Shapira et al. [11]. In addition, 

only children in their early childhood were included in both studies, with a cognitive system not yet entirely 

developed, which led to confusion regarding the effectiveness of the drugs for behavioral management. Managing 

children in this age group in dental offices is often difficult, thus, extrapolating the data of both studies to other 

age groups has to be prudently considered [18]. In this regard, the literature still lacks studies that compare the 

effectiveness of midazolam combined or not with hydroxyzine in different childhood age groups and dental 

offices. 

Regarding the dosage of drugs, Lima et al. [10] applied 1.0 mg/kg of midazolam in sample group (M) 

and 0.75 mg/kg of midazolam combined with 2.0 mg/kg of hydroxyzine in group (MH). On the other hand, 

Shapira et al. [11] used 0.5 mg/kg of midazolam in group (M) and 0.3 mg/kg of midazolam combined with 3.7 

mg/kg of hydroxyzine in group (MH). The lack of a standard dose amongst both studies selected and not 

adopting a single scale to assess the outcomes have contributed to the heterogenous effectiveness observed [19]. 

The difficulty in finding a homogeneous group of studies in terms of the outcomes of sedation, combined with 

the low quality of evidence of both studies selected (study limitations, inaccuracy and risk of bias), prevented 

carrying out a metanalysis for the direct comparison of the effectiveness of midazolam as monotherapy and of 

midazolam combined with hydroxyzine. Moreover, in both studies selected, the use of physical intervention in 

more difficult cases of behavioral management led to distinct treatments and results. It was also worth noting 
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that the behavior rating scales used are not presented by the authors to assess a successful behavioral 

management in the conditions of restricted movement as a result of physical intervention [20]. 

Although such procedure is effective and commonly used in pediatric dental practice [4,13,14], its 

application in these studies led to important limitations regarding the recommendation of the evidence presented. 

Although midazolam is safely and effectively used, the literature often associates this drug with possible cardio-

respiratory complications, anterograde amnesia and a paradoxical effect [21-23]. Midazolam has already been 

widely compared to other sedative drugs such as ketamine, diazepam and dexmedetomidine [19,24,25], with 

most studies regarding midazolam as the first-choice drug due to its high effectiveness and safety as an oral 

sedative in children [26-28]. In an attempt to settle any possible unwanted side effects, some polypharmacy 

protocols have been tested, aimed at a global reduction of the individual dose of drugs used [29,30]. However, 

the different doses applied for this combination of drugs are only based on the individual decision-making and 

experience of health professionals (off-label use). Therefore, despite being a common clinical practice, it is not 

based on medical evidence. 

No side effect was reported in the studies included in the present revision. Despite being consistent with 

the low incidence of cases, when using the recommended dose, the limitations and imprecisions of these studies 

may have impacted the analysis of the secondary outcomes. The incidence of adverse events, such as paradoxical 

reactions and respiratory events, besides the risk of hypersedation, increases with the use of higher doses. A 

systematic review points out that the safe dose of midazolam ranges between 0.25 and 1.5 mg/kg [31]. In turn, 

the safe dose of hydroxyzine varies from 0.6 to 1.5 mg/kg [32]. However, the safe dose for the combined use of 

midazolam and hydroxyzine has not yet been established due to the lack of more homogeneous studies. 

Therefore, randomized and properly designed clinical trials still need to be carried out in order to better 

understand the safety of this combined use of sedative drugs, as well as their effectiveness [33]. 

 

Conclusion 

The present study shows the conflicting results, limitations and inconsistencies of the studies selected, 

resulting in limited evidence to support the combined use of midazolam and hydroxyzine as oral sedation in 

children who underwent dental treatment. There is still the need to carry out further studies to establish the 

appropriate dosage and possible side effects resulting from this combination. In this regard, there is only evidence 

for the use of midazolam as monotherapy. 
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