
Dexmedetomidine (PrecedexⓇ, Hospira, Lake Forest, IL, 
USA) is a highly selective α2-adrenoceptor agonist that was ap-
proved by the US Food and Drug Administration in 1999 as a 
sedative for adults whose airways are intubated in the intensive 
care unit, and in 2008 it was approved as a sedative for surgery 
and other procedures in adults without intubated airways [1]. 
Dexmedetomidine is currently not approved for use in children 

in any country. Although a few reports are available on the use 
of dexmedetomidine in infants and children, only a few studies 
have reported its use in pediatric radiation therapy. Because the 
framing and subsequent radiation therapy requires immobiliza-
tion, pediatric patients usually require sedation or general anes-
thesia. Here, we report our experiences of using dexmedetomi-
dine as the primary sedative agent for repeated radiation therapy 
sessions in 2 pediatric patients. 

Case Reports

Case 1

A 41-month-old boy (weight = 21 kg) with brain stem glioma 
was scheduled to undergo 23 sessions of teleradiotherapy us-
ing electrons under sedation. He presented with right leg and 
hand weakness and difficulty swallowing. Twelve days earlier, he 
underwent an endoscopic biopsy under general anesthesia with 
volatile anesthetics. For radiotherapy, the neurosurgical doctors 
attempted sedation with midazolam (total 4.8 mg) and ketamine 
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(total 40 mg), but failed. At first, sedation with propofol infusion 
was planned. Ramsay Sedation scores (RSS) were used to guide 
sedation, and a minimum of RSS 4 was the target [2] as the 
patient needed immobilization during the therapy. The patient 
entered the radiation therapy unit, and standard monitoring was 
performed, which included electrocardiography, noninvasive 
blood pressure monitoring, end-tidal carbon dioxide (ETCO2) 
monitoring, and pulse oxymetry. The patient’s head was fixed on 
the radiation table, and an individually designed mesh-plastic 
mask was attached over the face. Monitoring was conducted 
using a video camera. The patient was irradiated at 2 Gy/d in 
order to receive a total of 50 Gy/25 fractions, and each treatment 
lasted 10 minutes.

For the first 3 sessions, propofol was used as the sedative, 
which was administered at a rate of 150–250 μg/kg/min, and 
the total amount of infused propofol increased every day. On 
the first day, the patient received a total of 100 mg propofol, and 
150 mg of propofol was used the next day as the patient showed 
agitation. On the third day, the total amount of infused propofol 
was 170 mg, and 1 mg of supplemental midazolam was admin-
istered to treat agitation. It was harder to maintain spontaneous 
breathing as the propofol dose increased. Therefore, the use of 
dexmedetomidine was planned for the fourth session. 

Before the fourth session, informed consent for the off label 
use of dexmedetomidine was obtained from the patient’s par-
ents. For the fourth session, we attempted to administer 3 μg/kg 
intramuscular dexmedetomidine, but the patient became irri-
table soon after positioning the facial mesh-plastic mask and in-
travenous (IV) propofol was administered as a rescue sedative (2 
mg/kg bolus and 200 μg/kg/min infusion). IV dexmedetomidine 
was used as the sole sedative agent in the other 17 procedures. 
An initial loading dose of 1.5 μg/kg IV dexmedetomidine was 

administered over 10 minutes, followed by a maintenance dose 
of 0.5–1.5 μg/kg/h during the fourth through sixth sessions. 
From the 7th through to the 21th session, a higher infusion 
rate was used (2 μg/kg/h) after administering the loading dose 
of 1.5 μg/kg for 10 minutes. On the days of the 22nd and 23rd 
sessions, the loading dose was increased to 2 μg/kg and was fol-
lowed by an infusion of 2 μg/kg/h because the RSS varied from 
1 to 4. Despite this higher rate, it was necessary to administer 2 
mg midazolam to achieve adequate sedation. These doses were 
administered by an anesthesiologist. Because the patient did not 
have a chemoport, an intravenous catheter was inserted every 3 
days. The changing doses of loading and maintenance were de-
picted in Fig. 1. 

During radiation therapy, the patient’s oxygen saturation 
remained at ≥ 98% via oxygen supplementation through a face-
mask, and ETCO2 was maintained at 28–41 mmHg. Prior to 
dexmedetomidine infusion, the patient’s heart rate varied from 
72–132 beats/min with a blood pressure of 100–134/58–94 
mmHg. During dexmedetomidine infusion, the patient’s heart 
rate varied from 58–85 beats/min with a blood pressure of 
98–142/45–102 mmHg (Fig. 2). We closely observed the patient 
without treatment because his blood pressure was maintained 
within normal limits. Other than mild bradycardia, there were 
no adverse effects such as hypotension, hypertension, or nausea. 
Following each session, the patient’s recovery time was 13–90 
minutes (average = 44.6 minutes). The patient was admitted to 
the recovery room and eventually discharged when his modified 
Aldrete score was 9–10. 

Case 2

A 38-month-old boy (weight = 13 kg) presented with dysuria 

Fig. 1. The changes in doses of dexmedetomidine during radiation therapy sessions in two patients. (A) Changes in loading doses. (B) Changes in 
maintenance doses.
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and was diagnosed with rhabdomyosarcoma of the prostate 
gland on biopsy. He received preoperative chemotherapy and tu-
mor resection, however, positive resection margins can develop 
after resection of the ejaculation duct. We planned to irradiate 
at 1.8 Gy/d for a total of 45 Gy/25 fractions, and each of the 22 
treatments lasted 10 minutes. 

After obtaining informed consent, intramuscular dexme-
detomidine injection was planned and a single dose of 3 μg/kg 
was administered to achieve a minimum RSS of 4. This provided 
smooth induction after 15 minutes, but this could only be main-
tained for about 10 minutes. Two IV boluses of 1 mg/kg propofol 
were administered to complete treatment. For the 2nd through 
the 7th sessions, a loading dose of 1 μg/kg for 10 minutes and a 
maintenance dose of 0.5 μg/kg/h were administered to achieve 
an RSS 4–5. On the 8th and 9th sessions, the same loading dose 
was used, but the maintenance dose increased to 2 μg/kg/h to 
achieve the desired level of sedation. After that, the loading 

dose also increased to 1.5 μg/kg with a maintenance dose of 2 
μg/kg/h (Fig. 1). Before sedation, the patient’s heart rate varied 
from 85–110 beats/min with a blood pressure of 88–114/54–74 
mmHg. This varied from 72–87 beats/min with a blood pressure 
of 88–112/42–63 mmHg during dexmedetomidine infusion (Fig. 
2). His respiratory rate and ETCO2 were within normal ranges. 
No adverse effects were observed, and his recovery took 13–41 
minutes (average = 24.9 minutes).

Discussion

We here present 2 pediatric patients who were repeatedly 
administered dexmedetomidine for sedation in order to further 
administer several sessions of radiation therapy at a remote 
location. Because treatment was administered in an outpatient 
setting, at first we tried to administer dexmedetomidine by in-
tramuscular injection, though it went to nothing because of the 

Fig. 2. Changes in vital signs before and after sedation in two patients. (A) Heart rate (HR) changes before sedation, after sedation and discharge in 
case 1 patient. (B) HR changes in case 2 patient. (C) Systolic blood pressure (SBP) changes before and after sedation in case 1 patient. (D) SBP changes 
in case 2 patient.
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need for repetitive injection and the anesthesiologists could not 
enter the treatment vault during the therapy. Thus, IV dexme-
detomidine was administered and used as the sole sedative agent 
in 17 of the 23 radiation therapy sessions in patient 1, and 21 of 
22 sessions in patient 2. 

The optimal cancer treatment often requires a combination 
of surgery, chemotherapy, and/or radiation therapy. While ra-
diation therapy is painless, children can experience considerable 
anxiety due to unfamiliar and potentially frightening radiation 
equipment [3]. Nevertheless, children must be made motion-
less using anesthesia or sedation during this short procedure. 
Propofol, ketamine, midazolam, and general anesthesia with 
sevoflurane have been administered as anesthetics or sedatives 
to pediatric patients [3-5]. Adverse effects, including respiratory 
depression and excessive sedation, may necessitate endotracheal 
intubation [6]. Dexmedetomidine can be used as an alternative 
to these agents with only a minimal risk of respiratory depres-
sion. Previously, Shukry and Ramadhyani [7] reported using 
dexmedetomidine during radiation therapy, and they used dex-
medetomidine as the sole agent in 9 of 12 procedures. They ad-
ministered dexmedetomidine at a loading dose of 1 μg/kg over 
10 minutes, followed by a maintenance dose of 0.7–0.8 μg/kg/
h, and administered additional propofol as extra sedation in 3 
cases. In our current cases, we found that the infusion rate with 
the manufacturer-recommended dosage was insufficient for 
adequate sedation in pediatric patients. The loading doses were 
1–2 μg/kg and the maintenance doses were 0.5–2 μg/kg/h, and 
both patients needed the dose to be increased as the sessions 
progressed. These high doses provided adequate sedation, but 
sudden unpredictable wake-up could not be prevented. As there 
is no known tolerance from dexmedetomidine so far, there was 
no clear explanation why the patients needed an increase in the 
dosing or extra sedation. 

The well-known adverse effects associated with dexmedeto-
midine include hypotension, bradycardia, and transient hyper-
tension [8]. In the present 2 cases, the total number of sessions 
exceed 20, but all treatment times were very short (5–10 min-
utes). The lowest heart rate in case 1 sometimes decreased below 
the age-based normal range for awake children [9]. However, 
because his noninvasive blood pressure was within the normal 

range for awake children, additional treatment for bradycardia 
was not performed. Also, there are currently no established 
normal ranges for blood pressure or heart rate in children either 
during natural sleep or under medication-induced sedation [10]. 
Despite the use of higher doses and a more rapid infusion rate, 
our patients completely recovered from sedation within 90 min-
utes with no adverse events. 

Large doses of dexmedetomidine (2–3 μg/kg followed by a 
continuous infusion of 2 μg/kg/h) were used in a previous pe-
diatric magnetic resonance imaging study [10]. In that study, 
the authors reported a 16% incidence of bradycardia, with heart 
rates as low as 30 beats/min and proportionally more brady-
cardia in younger infants than older children. However, those 
authors did not treat these children because they maintained 
mean arterial pressures that were within 20% of the age-adjusted 
normal ranges. There has been another report on the use large 
doses of dexmedetomidine during pediatric computed tomog-
raphy [11]. The authors in that study used a mean loading dose 
of 2.2 μg/kg with a maintenance dose of 1 μg/kg/h. In that study 
also, the heart rate and mean arterial pressure decreased by an 
average of 15%, but there were no significant changes in the 
respiratory rate or ETCO2. However, if bradycardia occurs in 
the presence of marked hypotension, aggressive intervention—
including stopping dexmedetomidine, stimulating the patient, 
or administering β-agonists and/or inotropes—is recommended 
[8]. 

In summary, we here report our experiences with administer-
ing dexmedetomidine to pediatric patients receiving repetitive 
radiation therapy. The key advantages of dexmedetomidine are 
that it maintains ventilation and upper airway patency during 
the sedation. Dexmedetomidine also provides adequate seda-
tion and fast recovery without severe adverse effects, though it 
requires a significantly higher dosage than has been previously 
recommended.
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