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Abstract 

Background Transthoracic echocardiography can be performed under sedation in children with Down syndrome 
who have neurological or behavioral problems. This study aimed to compare the efficacy and safety of intranasal 
dexmedetomidine and oral chloral hydrate in children with Down syndrome who are undergoing transthoracic 
echocardiography.

Methods This retrospective cohort study reviewed the electronic medical records of patients with Down syndrome 
who underwent transthoracic echocardiography under oral chloral hydrate or intranasal dexmedetomidine sedation 
between June 2014 and September 2021. The patients were divided into oral chloral hydrate and intranasal dexme-
detomidine groups according to the main agents used for sedation. The primary endpoint was the outcome of sin-
gle-dose sedative agents, and the groups were compared using a propensity score weighting analysis.

Results In total, 149 patients (chloral hydrate group, n = 75; dexmedetomidine group, n = 74) were included 
in the final analysis. After propensity score weighting, 150 and 148 patients were included in the chloral hydrate 
and dexmedetomidine groups, respectively. The success rate of the initial sedative medication was significantly higher 
in the dexmedetomidine group than in the chloral hydrate group (89.1% vs. 80.7%, p = 0.0412) after adjustment 
for propensity score weighting. The success rate of the final sedative medication was higher in the dexmedetomi-
dine group than in the chloral hydrate group (before propensity score weighting, 98.7% vs. 86.7%; after propensity 
score weighting, 98.5% vs. 86.8%; both p values < 0.01). Before and after propensity score weighting, the incidence 
of bradycardia during sleep was significantly higher in the dexmedetomidine group than in the chloral hydrate group. 
Sedation with dexmedetomidine or chloral hydrate was not associated with severe oxygen desaturation in children 
with Down syndrome.

Conclusions Compared with oral 50 mg/kg chloral hydrate, the use of a single intranasal dose of 2 μg/kg dex-
medetomidine was related to a significantly higher success rate of sedation without increasing severe hypoxic 
events in children with Down syndrome undergoing transthoracic echocardiography, except for the incidence 
of bradycardia.

Keywords Children, Chloral hydrate, Dexmedetomidine, Down syndrome, Sedation

Background
Congenital heart disease (CHD) occurs in approximately 
44% of children with Down syndrome (DS), and transtho-
racic echocardiography (TTE) assessments are frequently 
required for patients with DS [1]. However, developmen-
tal delays and behavioral abnormalities often preclude 
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patient cooperation, and sedation is often required in 
children with DS.

Chloral hydrates, the oldest synthetic hypnotics, are 
commonly used for the induction of sedation for pedi-
atric patients during painless procedures. Traditionally, 
children with DS undergo TTE scans under oral chlo-
ral hydrate sedation in our hospital. However, the use of 
chloral hydrates has an increased rate of sedation failure, 
especially in younger and neurologically impaired chil-
dren [2]. Patients with DS also face the disadvantages of 
chloral hydrate, such as bitter caustic taste, unpredictable 
onset, carcinogenicity, and genotoxicity [3].

Dexmedetomidine, a highly selective α2-receptor ago-
nist with central sedative and anxiolytic effects, has been 
widely used for pediatric sedation for nonpainful pro-
cedures [4]. Furthermore, intranasal dexmedetomidine 
avoids the hepatic first-pass effect, preserves higher bioa-
vailability, and rapidly reaches the central nervous system 
[5]. Several studies have shown that intranasal dexme-
detomidine is possibly a more effective sedation method 
for children undergoing diagnostic procedures than oral 
chloral hydrate [6, 7]; however, whether intranasal dex-
medetomidine is a more optimal choice for sedation dur-
ing TTE scans in children with DS remains unknown. 
Therefore, we aimed to evaluate the efficacy and safety of 
intranasal dexmedetomidine for TTE in children with DS 
compared with oral chloral hydrate and to provide a ref-
erence for clinical sedative use in this scenario.

Methods
Study design
This is a single-center, propensity score-weighted, retro-
spective cohort. Our study adhered to the Strengthening 
the Reporting of Observational Studies in Epidemiology 
guidelines.

Patient selection
All data were collected from the electronic medical 
records at our institution. Outpatients with DS who had 
heart murmur or known CHD underwent either oral 
chloral hydrate or intranasal dexmedetomidine sedation 
for TTE between June 2014 and September 2021 were 
included in the study. Patients were divided into two 
groups according to the main sedative agent used: oral 
chloral hydrate or intranasal dexmedetomidine. Children 
with incomplete data, with second- or third-degree atrio-
ventricular block, or who recently received digoxin or 
beta-blockers were excluded.

Sedation protocol
All patients were fasted for food, breast milk, formula, 
or clear liquids for 2  h. The patients in the chloral 
hydrate group received 50  mg/kg oral chloral hydrate. 

The patients in the dexmedetomidine group received 
2  μg/kg intranasal dexmedetomidine (Yangtze River 
Pharmaceutical Ltd. Co. Jiangsu, China; 100 μg/mL). A 
certified sedation nurse administered the medications 
and monitored the patients. Modified Ramsay scale 
was used for sedation level measurement, and sedation 
level for TTE was successful once a modified Ramsay 
sedation score ≥ 3 was achieved [8]. Failure of sedation 
was defined as a modified Ramsay scale score < 3 if the 
initial sedation was inadequate at 30  min post-admin-
istration. The choice of the rescue method was at the 
discretion of the pediatric anesthesiologist.

Heart rate (HR) and pulse oxygen saturation  (SpO2) 
were used as standard monitoring indicators dur-
ing echocardiography. According to experience, blood 
pressure measurements arouse sedation in children due 
to cuff inflation, and it was not routinely used in our 
clinical practice. After completion of the TTE scan, the 
patients were transferred to the post-anesthesia care 
unit (PACU) until they awoke spontaneously. Satis-
factory discharge criteria included a modified Aldrete 
score ≥ 9 [9], interaction with parents and nurses, 
and HR and  SpO2 within normal ranges for age or at 
baseline.

Study endpoints
The primary endpoint was the outcome for single-dose 
sedation. Secondary outcomes included the final seda-
tive medication outcome, incidence of rescue sedative 
medication, time to fall asleep, awakening time, peripro-
cedural vital signs such as HR and  SpO2, and adverse 
events.

Time to fall asleep was defined as the time from seda-
tive administration until falling asleep, and awakening 
time was defined as the time from completion of the TTE 
scan until discharge from the PACU. Periprocedural HR 
and  SpO2 were continuously monitored at the following 
time intervals: pre-administration, falling asleep, comple-
tion of the TTE scan, and recovery in the PACU.

Periprocedural adverse events, such as bradycardia 
and oxygen desaturation, were identified from electronic 
medical records. Bradycardia was defined as an HR 
less than the lower limit of normal awake HR (80  bpm 
for infants and children ≤ 5  years, 75  bpm for children 
aged 6–7 years, 70 bpm for children ≥ 8 years) [10]. The 
patients with DS who developed severe bradycardia after 
sedative medication were given atropine 0.01  mg/kg. 
Oxygen desaturation was defined as  SpO2 < 92% for chil-
dren with left-to-right shunt CHD or 5% below baseline 
for children with right-to-left shunt CHD [10]. Severe 
hypoxia was corrected by nasal cannula oxygen therapy 
and airway maneuvers.
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Covariates
We collected the demographic data, including age, 
weight, sex, and fasting time, of patients with DS. We 
evaluated the presence of underlying CHD by reviewing 
the electronic medical records of the patients and clas-
sifying patients with DS according to the type of CHD. 
Simple cases included atrial septal defects, ventricular 
septal defects, patent ductus arteriosus, and non-CHD 
patients with DS. Complex cases include tetralogy of 
Fallot, pulmonary stenosis, pulmonary atresia, complete 
atrioventricular canal, double-outlet right ventricle, con-
genital mitral regurgitation, and CHD-associated pulmo-
nary hypertension.

Statistical analyses
Statistical analyses were performed using SAS version 
9.4 (SAS Institute, Cary, NC, USA) and R version 4.0.4 (R 
Foundation for Statistical Computing, Vienna, Austria). 
The inverse probability of treatment weighting (IPTW) 
method was used for propensity score weighting (PSW) 
to account for confounders, including age, sex, weight, 
type of CHD, and fasting time. The standardized mean 
difference (SMD) was used to evaluate balance at base-
line between two groups, and an SMD ≤ 0.1 for covariates 
indicated sufficient balance.

The Kolmogorov–Smirnov test was used to assess 
the normality of continuous variables. Continuous 
variables with a normal distribution were expressed as 

mean ± standard deviation, whereas continuous vari-
ables with a non-normal distribution were expressed as 
median [interquartile range]. Categorical variables are 
expressed as numbers (percentages). Continuous data 
were compared using the independent-samples t-test or 
Mann–Whitney U test. Categorical variables were com-
pared using the chi-squared test. A p-value < 0.05 was 
considered statistically significant.

Results
Demographics characteristics
Over the last 7  years, 152 pediatric patients with DS 
underwent TTE under sedation at our hospital. After 
assessing for eligibility, we excluded one patient without 
complete electronic medical records, one patient with 
second‐ and third‐degree atrioventricular block, and one 
patient with co-administration of digoxin. In total, 149 
patients (chloral hydrate group, n = 75; dexmedetomidine 
group, n = 74) were included in the final analysis (Fig. 1).

The demographic characteristics of the two study pop-
ulations in terms of age, sex, weight, CHD type, and fast-
ing duration are presented in Table  1. The median age 
of the patients was significantly younger in the chloral 
hydrate group than in the dexmedetomidine group (11 
[15] vs. 16.5 [15] months, p = 0.027). After IPTW adjust-
ment for the propensity score, the standard mean differ-
ence for all baseline variables was < 0.1, indicating that the 
weighted populations in both groups were comparable.

Fig. 1 Flow diagram
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Sedation outcomes
The post-sedative outcomes of the unweighted and 
weighted groups are presented in Table  2. In the 
unweighted population, there was no significant differ-
ence in the success rate of the initial sedative medica-
tion between the groups (89.2% in the dexmedetomidine 
group vs. 81.3% in the chloral hydrate group, p = 0.1765). 
After adjusting for PSW, the success rate of initial seda-
tive medication (89.1% in the dexmedetomidine group vs. 
80.7% in the chloral hydrate group, p = 0.0412) was sig-
nificantly different between the groups. In the weighted 
population, the success rate of the final sedative medica-
tion was higher in the dexmedetomidine group than in 
the chloral hydrate group (98.5% in the dexmedetomidine 
group vs. 86.8% in the chloral hydrate group, p < 0.01), 
and the results after PSW were similar to those observed 
before PSW. The rescue sedative rate, time to fall asleep, 
and awakening time showed no differences between the 
unweighted and weighted populations.

Vital signs and complications
Table 3 presents the vital signs after sedative administra-
tion in both groups. In both the unweighted and weighted 
populations, the HR in the dexmedetomidine group 
was significantly slower than that in the chloral hydrate 
group, from falling asleep to recovery in the PACU. The 
overall  SpO2 did not differ between the groups in either 
the unweighted or weighted populations.

The post-sedative complications are presented in 
Table  4. Before and after PSW, bradycardia occurred 
more frequently in the dexmedetomidine group than in 
the chloral hydrate group, from falling asleep to finishing 
the TTE scan; atropine was not administered in either 
group. The HR returned to normal in all cases after awak-
ening. The total oxygen desaturation rate did not differ 
between groups in the unweighted and weighted popula-
tions. All patients with desaturation were corrected using 
a simple oxygen blow, and none required further airway 
maneuvers or treatment.

Discussion
In the present study, the patients receiving chloral 
hydrate were younger than those receiving dexmedeto-
midine. We explained treatment-related baseline differ-
ences using the propensity score weighting method and 
found that the use of dexmedetomidine was significantly 
associated with a higher rate of successful initial sedation 
and a higher incidence of bradycardia.

Patients with DS experience repeated exposure to seda-
tives because TTE assessments are performed early in 
life. Chloral hydrate can trigger widespread neurodegen-
eration in immature animal brains, and repeated expo-
sure in children younger than 3  years may affect brain 

development [11]. Currently, the US Food and Drug 
Administration recommends the use of dexmedetomi-
dine for sedation to avoid possible untoward long-term 
neurologic effects of sedatives [12].

In our study, the success rate of a single dose of dexme-
detomidine sedation in patients with DS was significantly 
higher than that of chloral hydrate in the weighted popu-
lation, which is inconsistent with a previous study [13]. In 
that study, Miller et al. found that oral 70 mg/kg chloral 
hydrate, which is higher than the dose used in our study, 
to be as effective as intranasal 2 μg/kg dexmedetomidine 
for TTE sedation [13]. We also found that the efficacy 
of initial intranasal 2  μg/kg dexmedetomidine for TTE 
sedation (89.1%, after PSW), which is consistent with a 
previous study in similar pediatric patients with DS [10]. 
In that study, Miller et al. used a single intranasal dose of 
2–2.5 μg/kg dexmedetomidine for TTE in patients with 
DS, and their patients were older than ours (median age, 
31.1 vs. 16.5 months) [10]. Moreover, our study demon-
strated that 2 μg/kg dexmedetomidine via the nasal route 
can provide similar effectiveness of sedation for TTE in 
infants and young toddlers with DS.

In the current study, the success rate of rescue seda-
tion in dexmedetomidine group was higher than that in 
chloral hydrate group (98.5% vs. 86.8%) in the weighted 
populations whether before or after PSW, which is incon-
sistent with previous reports [14]. The study compared 
the efficacies of chloral hydrate and dexmedetomidine in 
rescuing failed chloral hydrate sedation. However, in our 
study, we focused on comparing the rescue methods for 
failed sedation with chloral hydrate or dexmedetomidine. 
These results may be attributed to the high incidence of 
nausea and vomiting associated with the unpleasant taste 
of chloral hydrate [15]. After a single dose of oral chlo-
ral hydrate, children often refuse the rescue medication 
because of its bitter caustic taste. In contrast, dexmedeto-
midine is odorless and non-irritating, and its intranasal 
administration is easily tolerated by children. Hence, the 
taste of drugs has been postulated to be the likely cause 
of differences in the success rate of rescue sedation.

The present study revealed that the HR decreases from 
baseline were more significant under intranasal dexme-
detomidine sedation than under oral chloral hydrate 
sedation. The incidence of bradycardia after sedative 
administration was higher in the dexmedetomidine group 
than in the chloral hydrate group. These findings are 
inconsistent with a previous study that reported that age-
defined bradycardia was uncommon in patients with DS 
younger than 24 months under intranasal dexmedetomi-
dine sedation [10]. Dexmedetomidine is associated with a 
higher risk of bradycardia, the most frequently reported 
adverse event [16]. Patients with DS have impaired auto-
nomic function, which blunts vagal modulation and 
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attenuates the HR response. The response of the HR in 
patients with DS to sympathetic stimulation is weak-
ened, which may partially result in chronotropic incom-
petence [17]. In our study, impaired autonomic cardiac 
regulation was the reason patients with DS showed pro-
nounced bradycardia after dexmedetomidine administra-
tion. Hence, we should be aware that patients with DS are 
more prone to exhibit bradycardia during dexmedetomi-
dine administration.

In this study, none of the patients with DS experienced 
severe desaturation or required advanced airway inven-
tions after nasal dexmedetomidine administration, which 
is consistent with a previous study [10]. Compared with 
most other sedatives, dexmedetomidine has minimal 
effects on respiratory drive, airway patency, and tone and 
seems to be devoid of clinically significant respiratory 
adverse events [18, 19]. However, respiratory control in 
patients with DS can be adversely affected by various fac-
tors, including autonomic dysfunction, multilevel airway 
collapse, gastroesophageal reflux, and lower respiratory 
considerations [20]. Thus, clinicians should be aware of 
the potential adverse respiratory effects of dexmedetomi-
dine in children with DS.

This study has limitations. First, the lack of randomiza-
tion and the choice of sedative administration may rep-
resent a selection bias. Second, the uniform protocol for 
the choice of rescue sedative methods may have varied in 
patients with DS owing to the retrospective nature of the 
study. Third, blinding procedures were not used to evalu-
ate the adverse effects of sedatives administered by medi-
cal staff (i.e., anesthesiologists and nurses). Fourth, the 
applicability of our results cannot be generalized to other 
centers because the data were collected from a single 
tertiary hospital. In the future, prospective, multicenter, 
randomized controlled trials are needed to validate these 
findings and to eliminate biases associated with retro-
spective trials.

Conclusions
This retrospective observational study showed that a sin-
gle intranasal dose of 2 μg/kg dexmedetomidine appeared 
to be more effective than oral 50 mg/kg chloral hydrate 
for sedation in children with DS who are undergoing 
TTE. Our study established a theoretical foundation for 
recommendation of dexmedetomidine as a suitable alter-
native sedative for TTE in children with DS, despite the 
incidence of bradycardia.
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