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Abstract Introduction: The diagnosis of trisomy 21 in children has been associated with failed extubation after
CHD surgery. Dexmedetomidine may be a useful agent to improve postoperative outcomes in these patients,
such as ventilator time, ICU length of stay, or hospital length of stay.Materials and methods: The Pediatric Health
Information System database was queried from January, 2008 to December, 2010 for patients with trisomy 21
who underwent CHD surgery. Patients who received dexmedetomidine were matched to patients who did not by
propensity score. The primary outcome was ventilator days charged, and secondary outcomes included ICU and
hospital length of stay. Results: A total of 1088 patients (544 matched pairs) met inclusion criteria. Patient
characteristics were similar, with the exception of more patients in the dexmedetomidine group undergoing
repair of complete atrioventricular canal and fewer undergoing mechanical valve replacement (p< 0.01). More
patients in the dexmedetomidine group were administered milrinone, epinephrine, vasopressin, benzodiazepines,
opiates, and adjunct pain and sedative medications (p< 0.01). The dexmedetomidine group had greater time on
the ventilator [7 (4.5–11) versus 6 (4–10) days (median, interquartile range) p< 0.01] and similar ICU length of
stay, hospital length of stay, and mortality compared with controls. Mixed-effects modelling clustered on
institution did not show beneficial effect of dexmedetomidine on ventilator time, ICU stay, or hospital length of
stay. Conclusions: The use of dexmedetomidine was not associated with the decreased ventilatory time. Routine use
of dexmedetomidine is not warranted in this patient population.
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DEXMEDETOMIDINE IS A NOVEL SEDATIVE AGENT

that has a minimal amount of respiratory
depression, making it a potentially ideal

agent for use in transitioning to tracheal extubation
in patients who are difficult to sedate.1–7 Data
regarding the use of dexmedetomidine in critically
ill children are ample, but do not suggest that
dexmedetomidine decreases ventilator time or hospital

length of stay.2–7 Currently, there are few data
describing the use of dexmedetomidine in children
with trisomy 21 who have undergone surgery for
CHD. One of the proposed benefits of dexmedeto-
midine use in this population is the ability to
extubate patients from mechanical ventilation while
maintaining adequate sedation. This should theore-
tically result in decreased ventilatory time and
decreased length of stay. We propose that dexmede-
tomidine may be most beneficial in patients with
trisomy 21 after a cardiac surgical procedure, as this is
a group of patients who are at a high risk of prolonged
mechanical ventilation.8–10
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The primary objective of the study was to determine
whether the use of dexmedetomidine after surgery for
CHD in children with trisomy 21 was associated with
decreased ventilatory time, ICU length of stay, or
hospital length of stay when compared with children
with trisomy 21 who did not receive dexmedetomidine.
We used a large administrative database to

accomplish these objectives. The use of large
administrative databases is not uncommon when
evaluating paediatric cardiac surgical outcomes.11,12

The total population of patients undergoing con-
genital heart surgery with trisomy 21 at an individual
institution is likely not large enough to provide the
power necessary to determine differences in clinically
significant endpoints. In addition, institutional
biases or protocols can limit the generalisability of
single-centre observations. A large administrative
database may overcome these problems and represent
“real-world” utilisation without the cost and resource
utilisation associated with prospective trials.

Materials and methods

A retrospective case-matched cohort study was
designed and approval from the Institutional Review
Board was obtained. This study was approved by the
appropriate ethics committee and has therefore been
conducted in accordance with the ethical standards
laid down in the 1964 Declaration of Helsinki and its
later amendments. The primary outcome variable was
days of mechanical ventilation charged. The second-
ary outcomes of interest included days of intensive
care and hospital stay, and mortality before discharge
from hospital.
Data for this study were obtained from the

Pediatric Health Information System (PHIS), an
administrative database that contains inpatient,
emergency department, ambulatory surgery, and
observation data from 45 not-for-profit, tertiary care
paediatric hospitals in the United States. These
hospitals are affiliated with the Child Health
Corporation of America (Shawnee Mission, Kansas,
United States of America), a business alliance of
children’s hospitals. Data quality and reliability are
assured through a joint effort between the Child
Health Corporation of America and participating
hospitals. The data warehouse function for the PHIS
database is managed by Thomson Reuters (Ann
Arbor, Minnesota, United States of America). For the
purposes of external benchmarking, participating
hospitals provide discharge/encounter data including
demographics, diagnoses, and procedures. A total
of 44 of these hospitals also submit resource utilisa-
tion data, for example, pharmaceuticals, imaging,
and laboratory, into the PHIS database. Data are
de-identified at the time of data submission, and data

are subjected to a number of reliability and validity
checks before being included in the database.
The PHIS database was queried from 2008

to 2010 for patients meeting the study criteria.
Inclusion criteria consisted of patients, 18 years of
age or less at admission, who had an International
Classification of Diseases, 9th revision diagnosis code for
trisomy 21 (758.0) and underwent a cardiac surgical
procedure during that admission as evidenced by a
calculated risk adjustment for congenital heart surgery
(RACHS-1) category.13 Dexmedetomidine patients
were excluded if a propensity-matched control patient
was unable to be identified, the patients were receiving
extracorporeal membrane oxygenation or a ventricular
assist device in the ICU, had an open sternum in the
ICU, or had missing data. Patient ventilator days
charged were identified through a query for clinical
transaction codes and procedure codes.
Propensity score matching was used to minimise

selection bias in the initiation of dexmedetomidine.
A propensity score was generated for each patient in
the data set based on patient age, gender, and
RACHS-1 category. Patients who received dexme-
detomidine after cardiac surgery were then matched
by the propensity score to control patients who did
not receive dexmedetomidine. A sample of ∼500
patients per group was estimated to detect a 20%
difference (α= 0.05 and Type II error (β) of 80%) in
the primary outcome of ventilator days billed.
Data collection included patient demographics,

International Classification of Diseases, 9th revision codes
for cardiac surgical diagnosis and procedure,
RACHS-1 category, ventilator time (days), ICU
length of stay (days), hospital length of stay (days),
and mortality. Patients’ use of vasopressor and ino-
tropic medications, opiates, benzodiazepines, and
other analgesic or sedative medications billed during
the admission were also queried.
Descriptive statistics – mean, standard deviation,

median, and interquartile range – were used to
characterise the patient population. χ2 analysis was
used for categorical data. Student’s t-test was used for
continuous normally distributed data, and Wilcoxon
Rank-Sum test for non-parametric data. Mixed-
effects linear regression analysis was performed on
all variables, which included medications that were
not included in the original propensity score analysis
to determine the effect of dexmedetomidine on ven-
tilator days, ICU length of stay, and hospital length
of stay. The models were built in a stepwise manner,
beginning with a full model and eliminating all
variables with a p-value >0.2 until final models were
developed. The variable for dexmedetomidine was
added back into the final models if it had been
removed in the stepwise portion of the model build.
The model building process was performed for each
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of the outcomes. All data that were skewed were log
transformed to normal distributions for multivariable
analyses. All statistical analyses were performed with
Stata v.12 (StataCorp, College Station, Texas, United
States of America), and a p-value of <0.05 was
determined as significant a priori.

Results

A total of 2346 patients were identified with trisomy
21 who underwent a cardiac surgical procedure. After
propensity score matching, patients from 30 hospi-
tals met study criteria and 544 matched pairs (1088
patients) were included. In univariable analyses,
baseline surgical characteristics for the two groups
were similar with the exception that more patients in
the dexmedetomidine group underwent repair of

complete atrioventricular canal defect and fewer
underwent a valve repair or replacement (Table 1).
There were no patients with a RACHS-1 category of 5
or 6. Patients in the dexmedetomidine group received
dexmedetomidine for a median of 8 days ranging from
3 to 212 days. Patients in the dexmedetomidine group
significantly received more inotropic and sedative
agents (Table 2). More patients in the dexmedetomi-
dine group received a neuromuscular blocker than in
the non-dexmedetomidine group (22.4 versus 39.9%,
p< 0.01).
By univariable analyses, ICU length of stay, dura-

tion of postoperative hospitalisation, and mortality
were not significantly different between treatment
groups (Table 3). The mixed-effects linear regression
models, which incorporated hospital, vasopressor and
inotrope use, analgesic use, neuromuscular blocker

Table 1. Baseline characteristics.

Category Controls (n= 544) Dexmedetomidine (n= 544) p-value

Male (%) 270 (49.6) 245 (45.0) 0.13
Age (years; median, IQR) 0.45 (0.29–0.95) 0.48 (0.31–1.10) 0.27
Surgical procedure
CAVC repair (%) 185 (34.0) 219 (40.2) 0.03*
VSD repair (%) 116 (21.3) 98 (18.0) 0.17
ASD repair (%) 38 (6.9) 45 (8.3) 0.42
Tetralogy of Fallot repair (%) 29 (5.3) 36 (6.6) 0.37
Aorto-pulmonary shunt (%) 9 (1.7) 7 (1.3) 0.61
RV–PA conduit (%) 9 (1.7) 7 (1.3) 0.61
Valve replacement or repair (%) 115 (21.1) 89 (16.4) 0.04*

RACHS-1 category
1 (%) 34 (6.3) 34 (6.3) 1
2 (%) 181 (33.3) 183 (33.6) 0.89
3 (%) 316 (58.0) 314 (57.7) 0.90
4 (%) 13 (2.4) 13 (2.4) 1

*Statistical significance at p< 0.05
ASD= atrial septal defect; CAVC= complete atrioventricular canal; IQR= interquartile range; RACHS-1= risk-adjusted
congenital heart surgery-1; RV–PA= right ventricular–pulmonary artery; VSD= ventricular septal defect

Table 2. Unadjusted medication use in patients with and without dexmedetomidine.

Medications Controls (n= 544) Dexmedetomidine (n= 544) p-value

Vasopressor/inotropic agent use
Dobutamine (%) 33 (6.1) 44 (8.1) 0.19
Dopamine (%) 309 (56.8) 327 (60.1) 0.27
Epinephrine (%) 334 (61.4) 447 (82.2) <0.01*
Milrinone (%) 374 (68.8) 489 (89.9) <0.01*
Norepinephrine (%) 23 (4.2) 15 (2.8) 0.19
Vasopressin (%) 13 (2.4) 29 (5.3) <0.01*

Fentanyl (%) 381 (70.0) 450 (82.7) <0.01*
Hydromorphone (%) 8 (1.5) 12 (2.2) 0.37
Midazolam (%) 347 (63.8) 410 (75.4) <0.01*
Lorazepam (%) 105 (19.3) 178 (32.7) <0.01*
Diazepam (%) 5 (0.9) 11 (2.2) 0.21
Chloral hydrate (%) 107 (19.6) 161 (29.6) <0.01*
Ketorolac (%) 100 (18.4) 164 (30.2) <0.01*

*Statistical significance at p< 0.05
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use, and dexmedetomidine use, did not elucidate a
significant relationship between dexmedetomidine
use and ventilator days, ICU length of stay, or hospital
length of stay (Table 4).

Discussion

This is the first report using a large, national, multi-
hospital database to evaluate the utilisation of dex-
medetomidine in paediatric cardiac surgical patients
with trisomy 21. It is well known that the trisomy 21
patient population can present challenges in sedation
and extubation after cardiac surgery.8,10 The selection
of this high-risk patient group for this study was
important to evaluate the efficacy of an agent that
could potentially minimise morbidity. Despite the
potential for improved outcomes in this patient
population, multivariable analyses did not demon-
strate that the use of dexmedetomidine was associated
with a decreased duration of mechanical ventilation or
differences in length of ICU stay or hospitalisation.
Previous institution-specific data have demon-

strated that dexmedetomidine does not impact
larger-scale outcomes, that is, ventilator days or ICU
length of stay, for children admitted to an ICU after
cardiac surgery.14–16 Our data would confirm those
findings, as patients receiving dexmedetomidine in
this evaluation did not have a decrease in the length
of ventilatory time, ICU, or hospital length of stay
when evaluated using univariable and multivariable
analysis. Even though propensity score matching
and multivariable analyses were used to adjust for
comorbidities and other medication administration,
our results may reflect that dexmedetomidine was
used in a more critically ill patient population.

Anecdotally, these findings reflect practice at our own
institution, in that dexmedetomidine seems to be
used more often in patients who are sicker and are
perceived to have a greater risk of reintubation.
Alternatively, our findings could be explained by a
greater incidence of side effects, such as hypotension
or bradycardia, in those patients who received dex-
medetomidine. A randomised controlled trial of
dexmedetomidine use in postoperative paediatric
cardiac surgical patients with trisomy 21 would be
useful to determine the efficacy of dexmedetomidine.
Patients in the dexmedetomidine group received

opioids (morphine and fentanyl), benzodiazepines
(midazolam, lorazepam), and adjunct medications
(chloral hydrate and ketorolac) more frequently than the
control group. This is a paradoxical finding, as decreased
opioid or benzodiazepine use would be expected with
dexmedetomidine use. These findings are similar to
previous reports of the use of dexmedetomidine in the
postoperative period in children. As previously men-
tioned, the increased use of medications may be owing
to patients being more critically ill. Overall, it appears
that the use of dexmedetomidine does not necessarily
result in the decreased use of other sedative agents.
Institutional strategies for management of analgesia and
sedation should take this finding into account. The
aetiology of this finding is unclear and unable to be
answered by our investigation, but may include lack of
efficacy of dexmedetomidine or adverse events associated
with dexmedetomidine therapy.
The limitations of this study are those common

with large administrative databases, such as the
assumption that patients were administered all
medications for which they were charged. In addi-
tion, indications and doses for sedative and analgesic
medications were not evaluated. Clinical variables
such as the need for concomitant cardiac operations
and duration of cardiopulmonary bypass are not
available in the PHIS database. Patients with missing
data, which were to be used in the propensity score
matching or other analyses, were not reported in the
initial query of the database and this may result in bias
towards particular institutions. Whereas the database
we chose to answer this question has limitations, the
large sample size and multiple institutions evaluated
provide benefits that could not be obtained from a

Table 3. Unadjusted outcomes for dexmedetomidine as compared with non-dexmedetomidine patients.

Category Controls (n= 544) Dexmedetomidine (n= 544) p-value

Time on ventilator (days; median, IQR) 6 (4–10) 7 (4.5–11) <0.01
Length of ICU stay (days; median, IQR) 3 (2–6) 3 (2–6) 0.22
Length of hospital stay (days; median, IQR) 6 (4–11) 7 (5–11) 0.24
Mortality (%) 2 (0.37) 6 (1.10) 0.16

IQR= interquartile range

Table 4. Mixed-effects multivariable linear regression analyses for
dexmedetomidine and primary and secondary outcomes.

Outcome variable
(n= 1088)

Coefficient (β) for
dexmedetomidine
in the final model p-value

Time on ventilator −0.006 0.49
Length of ICU stay −0.09 0.38
Length of hospital stay −0.004 0.49
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single-centre analysis and avoid biases that can be
present in single-centre evalutions.
The dosing of dexmedetomidine is clearly affected by

age and may have affected the effectiveness of the drug,
but the dosages of medications were not evaluated in this
study. Pain and sedation scores are unavailable as well
as any documentation of the finer details of the post-
operative or intraoperative course, which can affect dex-
medetomidine use.22 The criteria used for readiness to
extubation or ICU discharge are dependent on several
variables other than patient status, including personnel
availability and institutional protocols and may mini-
mise the impact of dexmedetomidine in this population.
Adverse events that commonly occur with dexmedeto-
midine include bradycardia and hypotension, but these
were unable to be reliably evaluated in using an
administrative database.17–22 Future investigations into
the utility of dexmedetomidine in critically ill post-
operative cardiac surgical patients should account for the
severity of illness beyond age and surgical complexity.

Conclusions

The use of dexmedetomidine in this large adminis-
trative data set was not associated with decreased
ventilator time or hospital length of stay in patients
with trisomy 21 undergoing congenital heart surgery.
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