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Abstract
Background: Anesthetic regimens using dexmedetomidine and short-acting opioids 
have been suggested as potential alternatives to sevoflurane-based anesthesia in 
children. The primary aim of this study is to compare demographics, intraoperative 
characteristics, and complications of general anesthetics in which dexmedetomidine 
and opioids were used without sevoflurane, or in combination with a low sevoflurane 
concentration, in children 36 months old and younger. The secondary aim is to evalu-
ate intraoperative bispectral index (BIS) values when available in these patients.
Methods: General anesthetics performed between January 1, 2017, and May 1, 
2018, in children 2 years and younger who received dexmedetomidine and remifen-
tanil, with or without sevoflurane, were identified. Additional anesthetics performed 
during this time in children 36 months and younger who received dexmedetomidine 
and opioids and had BIS monitoring were also identified. Charts were reviewed for 
demographic and intraoperative variables, including drug administration and hemo-
dynamic data.
Results: A total of 244 patients were identified. All but 22 patients received remifen-
tanil. Ninety-two patients received sevoflurane with a mean end-tidal concentration 
of 0.84% (SD 0.43). Compared to the sevoflurane group, the nonsevoflurane group 
received more remifentanil (median dose 0.4 μg/kg/min vs 0.2 μg/kg/min, difference 
of 0.1 μg/kg/min, 95% CI 0.1-0.3, P < .001) and more dexmedetomidine (median dose 
0.9 μg/kg/h vs 0.3 μg/kg/h, difference of 0.6 μg/kg/h, 95% CI 0.4-0.8, P < .001), and 
had a higher mean arterial pressure (median 53 mm Hg vs 42 mm Hg, difference of 
11 mm Hg, 95% CI 8.1-14.8, P < .001). Complications between the two groups were 
comparable. The median percent intraoperative time with BIS reading <60 was 71.6% 
(95% CI: 63.3%-79.8%).
Conclusion: Dexmedetomidine and opioids can effectively be used in young children 
as an alternative total intravenous anesthesia technique with or without <1 minimum 
alveolar concentration of sevoflurane. Bispectral index monitoring reveals a likely 
sufficient depth of hypnosis.
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1  | BACKGROUND

A considerable amount of experimental data has shown that com-
monly used anesthetics and sedatives either increase GABA activity 
(eg, sevoflurane, desflurane, isoflurane, propofol) or block excita-
tory glutamate receptors (eg, ketamine) producing a profound neu-
rotoxic effect in laboratory animals.1 The 2016 US Food and Drug 
Administration (FDA) safety communication encouraged the avoid-
ance of general anesthetics and sedation drugs in children under the 
age of 3 and pregnant women due to potential dangers on the de-
velopment of children's brains (https://www.fda.gov/Drugs /DrugS 
afety /ucm53 2356.htm). Given that few surgical procedures can be 
postponed for potentially 2-3 years, this approach is not practical 
and there is a need for alternative anesthetic techniques. Animal 
studies have suggested that dexmedetomidine (an alpha 2 agonist) 
and opiate analgesics might be a valuable and safe alternative.1

Recently, a pilot-study published by the TREX consortium inves-
tigated the feasibility of an alternative anesthetic in children, based 
on dexmedetomidine, remifentanil, and a regional anesthesia block. 
The study found that in 60 children, between 1 and 12 months of 
age, this combination is a clinically feasible anesthetic technique.2 
Additionally, a recent survey showed that 75% of the pediatric anes-
thesiologists in Europe, Australia, and the United States use dexme-
detomidine in clinical practice, with more than half administering it 
without proper training or a protocol.3

Therefore, we sought to review the records of patients in which 
dexmedetomidine and opioids were used without sevoflurane, or in 
combination with a low sevoflurane concentration, in order to pro-
vide observational data for future studies. The primary aim of this 
study is to describe and compare demographics, intraoperative char-
acteristics, and complications of general anesthetics utilizing these 
two regimens in children 36 months old and younger. The secondary 
aim is to evaluate intraoperative bispectral index (BIS) values, when 
available, in these patients.

2  | MATERIAL S AND METHODS

The study was approved by the Institutional Review Board of the 
University of Texas Southwestern Medical Center, in Dallas, Texas. 
The electronic medical record (Epic©; Epic Systems Corporation) at 
Children's Medical Center Dallas was queried for the charts of pa-
tients 24 months old and younger. Patients were included if they 
received a general anesthetic between January 1, 2017, and May 
1, 2018, and had documented administration of dexmedetomidine 
and remifentanil during the intraoperative period. Since patients in 
this query did not have BIS monitoring (as a measure of the level of 
hypnosis), a second query of charts was pursued of patients aged 
36 months and younger. Patients were included if they received 
a general anesthetic between January 1, 2018, and May 1, 2018, 
with documented intraoperative administration of dexmedeto-
midine and opioids and if they had intraoperative BIS monitoring. 
Cases were excluded for the following reasons: history of significant 

congenital heart disease, administration of dexmedetomidine during 
only the emergence period of anesthesia, and administration of a 
propofol infusion for the maintenance of anesthesia. Patients who 
underwent radiologic studies and procedures lasting <15 minutes 
were also excluded. The intraoperative records were reviewed with 
chart abstraction for demographic information, American Society 
of Anesthesiologists physical classification, and intraoperative vari-
ables including duration of surgery, drug and fluid administration, 
hemodynamic data, temperature recordings, and complications. 
Additionally, where available, the following were recorded: BIS re-
cordings, pre-induction parameters (premedication administered, 
quality of separation from parents, quality of mask acceptance, and 
intravenous line placement), and recovery parameters (time to extu-
bation, mental status during extubation, and time to awaken in the 
recovery room). Complications captured included light anesthetic 
events, hypotension, bradycardia, and bronchospasm. The follow-
ing definitions were applied to the data: light anesthetic event—in-
crease in heart rate or blood pressure felt to be severe enough by 
the anesthesiologist to warrant an increase in anesthetic or use of 
paralytic, or documented patient movement; hypotension—mean 
arterial pressure (MAP) <40 mm Hg in children weighing >5 kg and 
<35 mm Hg in children weighing <5 kg; bradycardia—heart rate <100 
beats per minute; and bronchospasm—documentation of bronchos-
pasm by the anesthesiologist, or the intraoperative administration 
of albuterol. Vital signs were captured in our electronic health re-
cord every minute with heart rate data collected from the electro-
cardiogram. Spurious values were identified by the appearance of 
the “data artifact” icon when entered by the anesthesiologist, and 
disregarded.

2.1 | Statistical analysis

Depending on the data's distribution, continuous outcomes were 
summarized as either mean and standard deviation (SD), or median 

What is already known

• Animal and human cohort studies have revealed poten-
tial dangers of general anesthetics and sedation drugs 
in young children. As a result, the US Food and Drug 
Administration has issued a drug safety communication 
with a list of agents that could affect neurodevelopment.

What this study adds

• Dexmedetomidine and opioids can effectively be used 
in young children as an alternative total intravenous an-
esthesia technique with or without <1 minimum alveolar 
concentration of sevoflurane. Bispectral index monitor-
ing reveals a likely sufficient depth of hypnosis.
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and interquartile range (IQR). Normal continuous data were as-
sessed using a t test, and non-normal data were assessed using the 
Wilcoxon-Mann-Whitney test. Normality of the data was assessed 
visually and using the Shapiro-Wilk test. If the overall comparison 
were significant, post hoc pairwise comparisons were done using 
Dwass, Steel, Critchlow-Fligner multiple comparison procedure.4,5 
Categorical outcomes were presented as frequency and percent-
ages, and were compared using chi-square and/or Fisher's exact 
test. All analyses were done using SAS 9.4 (SAS Inc), and P < .05 was 
considered statistically significant.

3  | RESULTS

A total of 376 cases was initially identified for the study. After appli-
cation of exclusion criteria, 206 cases were included. We identified 
an additional 38 patients where a regimen comprised of dexmedeto-
midine and opioids was administered, and BIS monitoring was uti-
lized, for a total of 244 patients (Figure 1). The cases were divided 
into two groups: sevoflurane (n = 92) and nonsevoflurane (n = 152) 
according to the use of sevoflurane in any concentration during the 
maintenance period of anesthesia. In 60 (39%) of the nonsevoflurane 
cases, nitrous oxide was administered during the maintenance phase. 
Nitrous oxide was not administered in any of the sevoflurane cases. 

A caudal block was performed in 10 (7%) of the nonsevoflurane 
cases and in 5 (5%) of the sevoflurane cases. In 22 (14%) of the non-
sevoflurane group, fentanyl was used instead of remifentanil. The 
entire sevoflurane group utilized remifentanil infusions. Procedure 
types were as follows: general surgery 68 (27.9%), plastic surgery 
55 (22.5%), urology 48 (19.7%), neurosurgery 38 (15.6%), otolaryn-
gology 25 (10.2%), ophthalmology 3 (1.2%), cardiac catheterization 
laboratory 3 (1.2%), and 1 case each (0.4%) of dental rehabilitation, 
interventional radiology, gastrointestinal, and orthopedic surgery.

Age and weight were comparable in the sevoflurane and non-
sevoflurane groups. Case duration was significantly longer in the 
sevoflurane group. Compared to the sevoflurane group, the non-
sevoflurane group received more remifentanil (median dose 0.4 μg/
kg/min vs 0.2 μg/kg/min, difference of 0.1 μg/kg/min, 95% CI 0.1-
0.3, P < .001) and more dexmedetomidine (median dose 0.9 μg/kg/h 
vs 0.3 μg/kg/h, difference of 0.6 μg/kg/h, 95% CI 0.4-0.8, P < .001), 
and had a higher MAP (median 53 mm Hg vs 42 mm Hg, difference of 
11 mm Hg, 95% CI 8.1-14.8, P < .001). The other variables measured 
were comparable between the groups (Table 1). There was no dif-
ference in complications tracked between the two groups (Table 2). 
There were 68 patients who experienced at least one episode of 
bradycardia during the surgery: 27 were in the sevoflurane group 
and 41 in the nonsevoflurane group. Only nine patients (3.7%) in 
the cohort received an anticholinergic for treatment of bradycardia; 

F I G U R E  1   Study flow chart
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the other episodes were not deemed significant enough to warrant 
treatment by the anesthesiologist. Seven of these patients were in 
the nonsevoflurane group, and two were in the sevoflurane group.

All 38 cases that utilized BIS monitoring fell in the nonsevoflu-
rane group. The median percent intraoperative time with BIS value 
<60 was 71.6% (95% CI: 63.3%-79.8%). In the subgroup of cases 
that utilized BIS monitoring, in addition to the complete avoidance 
of sevoflurane, all the agents implicated in the FDA warning were 
avoided throughout the entire perioperative period. Because of this 
interesting caveat, we undertook further analysis of this subgroup, 
with particular attention to pre-induction and recovery parameters. 
Twenty-two (58%) of these patients received fentanyl only, in lieu 
of remifentanil, at an average dose of 8.7 μg/kg/h. Of the patients 

with BIS monitoring, 16 received no premedication, 11 received a 
combination of two premedications, and the remainder received 
a single agent. The most commonly administered premedications 
were acetaminophen/hydrocodone or clonidine suspension orally. 
Midazolam was not administered. The quality of separation from 
parents and quality of mask acceptance were rated “good” by the 
attending anesthesiologist in 22 (58%) and 11 (29%) of these pa-
tients, respectively. Patients without preexisting intravenous 
access had intravenous lines placed in the operating room under 
inhaled nitrous oxide. Conditions during intravenous line place-
ment were rated “good” by the anesthesiologist in 17 (45%) of 
these patients. Nitrous oxide was then discontinued, and 100% ox-
ygen was administered by mask during induction with intravenous 

Sevoflurane
n = 92

Nonsevoflurane
n = 152 P-value

Difference 
(95% CI)

Age, mo (IQR)a  8 (3-11) 5 (2-10)

Weight, kg (SD)b  7.7 (2.8) 7.1 (3)

ASA physical status classification (%)c 

ASA 1 5 (5.4%) 12 (7.9%)

ASA 2 52 (56.5%) 66 (43.4%)

ASA 3 31 (33.7%) 63 (41.4%)

ASA 4 3 (3.3%) 11 (7.2%)

ASA 5 1 (1.1%) 0

Case duration, h (IQR)a  3.3 (2.4-4.5) 2.2 (1.4-3.3) <.001 −1.1 (−1.9, 
−0.6)

End-tidal sevoflurane 
concentration, mean 
(SD)

0.84 (0.43) N/A

Remifentanil infusion, 
μg/kg/min (IQR)a 

0.2 (0.2-0.3) 0.4 (0.3-1.6) <.001 0.1 (0.1, 0.3)

Dexmedetomidine 
infusion, μg/kg/h 
(IQR)a,d 

0.4 (0.3-0.6) 0.5 (0.3-0.9) .049 0.1 (−0.1, 0.3)

Dexmedetomidine 
boluses, μg/kg/h 
(IQR)a,e 

0.1 (0-0.3) 0.8 (0.3-1.6) <.001 0.6 (0.4, 0.8)

Total dexmedetomidine, 
μg/kg/h (IQR)a 

0.3 (0.2-0.5) 0.9 (0.6-1.4) <.001 0.6 (0.4, 0.8)

Morphine equivalents, 
mg/kga 

0.3 (0.2-0.4) 0.3 (0.1-0.5) .966 0.02 (−0.06, 
0.11)

Intravenous fluids, mL/
kg/h (IQR)a 

9.4 (8.1-12.6) 9.5 (6.8-13.9) .706 0.1 (−0.7, 1.8)

Mean arterial pressure 
(IQR)a 

41.8 
(40.1-42.1)

53.0 (41.5-62.0) <.001 11.2 (8.1, 
14.8)

Temperature Celsius, 
mean (SD)b 

36.6 (0.61) 36.7 (0.6) .275 0.09 (−0.07, 
0.25)

Note: Unless otherwise noted, data are presented as median (interquartile range).
aMann-Whitney-Wilcoxon test was performed due to the data being not normal. 
bPooled t test was performed. 
cPearson chi-square test. 
d22 patients did not receive remifentanil infusion. 
e81 patients did not receive dexmedetomidine infusion. 

TA B L E  1   Demographic and 
intraoperative variables for sevoflurane vs 
nonsevoflurane groups



     |  1017EFUNE Et al.

medications. The mean time from end of case to extubation was 
7.5 ± 4.3 minutes, and the mean time to awaken in the recovery 
room was 44.1 ± 52.1 minutes. Thirty-four (90%) patients were ex-
tubated awake, 2 (5%) were extubated while still asleep, and in 2 
(5%) patients, mental status during extubation was not recorded. 
Only 4 (11%) patients were noted to be crying after extubation, and 
the remainder were calm or fell back to sleep.

4  | DISCUSSION

The 2016 FDA safety communication has been the subject of much 
debate and controversy. Following the release of this safety commu-
nication, three well-designed studies (one prospective randomized 
and two ambidirectional cohort studies) found no significant neu-
robehavioral deficits in infants and young children exposed to one 
anesthetic of relatively short duration.6-8 Despite these reassuring 
results, a recent analysis of a comprehensive national database (The 
National Health Interview Survey) found that the odds of surgery 
decreased significantly between 1997 and 2017 in children under 
1 year of age, potentially signifying a serious impact of the FDA drug 
safety communication.9

The FDA drug safety communication implicates almost all agents 
used routinely, except for opioids, central alpha-2 adrenergic ago-
nists, and neuromuscular blocking agents. Given its ease of titra-
tion, ultra-short half-life, and lack of context-sensitive half-time, 
remifentanil seems an ideal agent for use in general anesthetic 
regimens where no or limited (<1 minimum alveolar concentration) 
volatile agent or intravenous hypnotic administration is planned. 
Dexmedetomidine has sedative, analgesic, and sympatholytic 
properties. Several preclinical studies have suggested that dexme-
detomidine provides neuroprotective effects against volatile and 
intravenous anesthetics in young animal brains.10,11 Moreover, a few 
case reports in neonates and young children have described the fea-
sibility of anesthesia with dexmedetomidine-remifentanil in differ-
ent clinical scenarios.12-14 Recently, a dexmedetomidine-remifentanil 
and neuraxial anesthetic regimen (TREX pilot) was found effective 
in 87% of infants (aged 1-12 months) undergoing lower abdominal 
or lower extremity surgery.2 Another large randomized multicenter 
trial (TREX) is currently underway to examine the impact on IQ at 

age 3 of a standard sevoflurane-based general anesthetic vs a low-
dose sevoflurane anesthetic combined with remifentanil and dex-
medetomidine infusions in children under the age of 2 undergoing 
surgery lasting at least 2 hours (Clinicaltrials.gov NCT03089905).

In addition to demonstrating satisfactory anesthesia with dex-
medetomidine and opioids with or without low-dose (<1 minimum 
alveolar concentration) sevoflurane, our findings demonstrate that 
the frequency of intraoperative complications with these medica-
tions is low. The incidence of at least one episode of hypotension 
was 7% in the cohort, similar to the TREX pilot2 (which utilized a 
dexmedetomidine-remifentanil-regional anesthetic combination), 
and the incidence of at least one episode of light anesthesia was 
63%, which was lower than the TREX pilot. In contrast, we found a 
higher incidence of bradycardia (28%), but only 3.7% in the cohort 
required treatment.

As one would expect, we found that the nonsevoflurane group 
utilized higher doses of remifentanil and dexmedetomidine. Despite 
this, the nonsevoflurane group had a higher MAP. The median MAP 
in this group was 53 mm Hg. This was above the 50th percentile 
for either boys or girls up to age 3 recently observed by de Graaff 
et al15 in their large multicenter observational study of >100 000 
anesthetics, whereby reference values for blood pressure in anes-
thetized children were established. This hemodynamic stability has 
numerous potential advantages, even specifically when discussing 
the issue of anesthetic neurotoxicity in children and its potential re-
lationship to hypotension.16

Special attention should be drawn to the patients in our study 
who did not receive volatile anesthetic. Given the avoidance of 
classic hypnotic agents in these anesthetic regimens, concerns 
were raised regarding the possibility of awareness and/or recall. 
Accidental awareness during general anesthesia (AAGA) in children 
is difficult to assess. In a secondary analysis of five cohort studies, 
Davidson et al17 found an incidence of 0.74% with the youngest pa-
tient reporting AAGA being 5 years old.

No patients in this study were over the age of 3. Since children 
under the age of 3 have not developed explicit memory, they can-
not have explicit recall.18 In discussing awareness in children under 
the age of 3, we must consider the possibility of implicit recall or 
consciousness without explicit recall.17 Although methods exist to 
assess for implicit recall in older children utilizing auditory and visual 

TA B L E  2   Intraoperative complications for sevoflurane vs nonsevoflurane groups

Sevoflurane
n = 92

Nonsevoflurane
n = 152 P-value

Difference 
(95% CI)

Median number of light anesthesia events/h 
(IQR)a 

0.41 (0-0.73) 0.39 (0-0.96) .614 −0.01 (−0.33, 
0.31)

Median number of bradycardic episodes/h (IQR)a  0 (0-0.27) 0 (0-0.23) .987 0 (0, 0)

Median number of hypotensive episodes/h 
(IQR)a 

0 (0-0) 0 (0-0) .288 0 (0, 0)

Incidence of bronchospasm (%)b,c  8 (8.7%) 6 (4.0%) .157 N/A

aMann-Whitney-Wilcoxon test. 
bPearson chi-square test. 
cRelative risk 1.05 (0.99, 1.13). 
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priming, we have no guidance on how best to measure or prevent 
this in young children.

Bispectral index was used as a depth of hypnosis monitor in 
select patients in this study. None of the patients with BIS moni-
toring received any of the FDA-implicated agents throughout the 
perioperative period. The median percent intraoperative time with 
BIS value <60 was 71.6% (95% CI: 63.3%-79.8%) likely indicating a 
sufficient depth of anesthesia. While a universally accepted depth 
of hypnosis monitor does not exist for children, pediatric data 
(which include patients under age 3) exist which support the utility 
of it.19,20 There are known limitations of the BIS monitor in young 
children.21 Additionally, the BIS monitor algorithm was established 
in adults using volatile and intravenous anesthetics such as propo-
fol, so it is admittedly difficult to extrapolate its utility to our pa-
tients. However, we do know that dexmedetomidine decreases BIS 
values in healthy volunteers22 while remifentanil only decreases 
BIS values in the presence of noxious stimuli.23 While our BIS data 
cannot be used as proof of unconsciousness (this may be true in 
adults as well21), it hopefully at least gives evidence of low arousal 
and the successful reduction of nociceptive stimuli21 through the 
analgesic effects of opioids, dexmedetomidine, and nitrous oxide.

4.1 | Limitations

The observational nature of this study limits drawing strong conclu-
sions regarding differences in the two groups. Retrospective data 
collection may have led to an underestimation of certain complica-
tions, such as patient movement (light anesthesia) and bronchos-
pasm. Reports of possible intraoperative complications were limited 
by the accuracy and thoroughness of the anesthesiologist's charting. 
In addition, lack of a multivariate analysis prohibits us from identi-
fying independent associations in the data. Finally, as mentioned 
above, BIS monitoring has several limitations as a depth of hypnosis 
monitor in children.

5  | CONCLUSIONS

Dexmedetomidine and opioids can effectively be used in young chil-
dren as an alternative total intravenous anesthesia technique with 
or without <1 minimum alveolar concentration of sevoflurane dur-
ing a variety of procedures. BIS monitoring reveals a likely sufficient 
depth of hypnosis.

Prospective randomized studies are needed to elucidate optimal 
dosing regimens, safety profiles, and long-term outcomes.
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