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Abstract

Background: This paper sought to characterize pediatric clonidine ingestions, report trends in incidence, and
evaluate outcomes using the Florida Poison Center's data over a period of 15 years, from 2002 to 2016.

Results: There were 3444 total exposures. Forty percent of the cohort was female. The median age was 5 years.
The age distribution changed over time to a higher proportion of teenagers exposed (p < 0.0001). From 2002 to
2016, exposures increased from 182 to 378 with a rise in incidence from 4.8 to 9.1 per 100,000 children. Acute on
chronic exposures increased from 29.3% to 42.2% (p < 0.0001). Female intentional ingestions increased from 52 to
70% (p < 0.0001). Twenty-four percent were managed at home, 34% were discharged from the emergency department,
8% were admitted to the floor, and 25% were admitted to the intensive care unit (ICU). Major medical outcomes were
associated with older age (p =0.0043, 95% CI 0.0015 to 0.0080) and higher clonidine dose (p < 0.0001, 95% Cl 0.0347 to
0.0600). Older children were more likely to ingest a larger dose of clonidine (p < 0.001, 95% Cl 0.0531 to 0.0734), while
younger children were more likely to be admitted to the ICU (p < 0.001, 95% Cl — 0.0092 to —0.0033). Males were more
likely to have acute on chronic ingestions (p < 0.001, 95% Cl — 0.1639 to — 0.0982); females were significantly more likely

despite adjustment for population growth.

to be admitted to the ICU (p < 0.0001, 95% Cl 0.0380 to 0.0969).
Conclusions: Our analysis shows an increase in the incidence in pediatric clonidine exposures over time
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Introduction

Clonidine is a familiar drug readily available in many
households. Initially prescribed for adults with hyperten-
sion, it has since been applied to other clinical contexts in-
cluding opioid withdrawal, anxiety, and other psychiatric
disorders [1-4]. Clonidine has increasingly been used for
behavioral control in pediatric patients particularly since
the US Food and Drug Administration (FDA) approval in
2010 for attention deficit hyperactivity disorder (ADHD)
in children aged 6-17 years [4—6]. Expanded prescribing
and thereby access to this drug has increased the risk for
both accidental and intentional ingestions. Emergency
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providers thus need to be aware of this drug as a potential
cause for altered mental status or hemodynamic changes
in the pediatric patient. Proper recognition, triage, and
disposition of pediatric patients who have accidentally or
intentionally overdosed are essential for the emergency
medicine provider. By stimulating alpha,-adrenergic re-
ceptors, clonidine reduces sympathetic outflow from the
central nervous system and decreases peripheral resist-
ance, renal vascular resistance, heart rate, and ultimately
blood pressure [7, 8]. At times, reactions resemble opioid
toxidromes [9]. Commonly experienced adverse reactions
include somnolence, fatigue, abdominal pain, and head-
ache [7, 8]. However, clonidine in toxic amounts can cause
central nervous system depression and cardiopulmonary
instability with features such as apnea, bradycardia, and
hypotension [10-12]. Thus it has been included on the
“One Pill Can Kill” list for fatal ingestions in pediatric pa-
tients [2, 9, 13].
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This paper sought to characterize recent trends in in-
cidence of pediatric clonidine ingestions while also
evaluating outcomes of pediatric clonidine ingestions.

Materials and methods

This was a retrospective review of all clonidine inges-
tions in children aged less than 18 reported to Florida’s
Poison Control Centers from January 1, 2002, through
December 31, 2016. Over the study interval, the number
of poison control centers in Florida remained stable at
three. The total pediatric population of Florida grew by
9.86% over the years 2002—2016 with an annual growth
rate of 0.70% [14].

Patients were followed for a minimum of 24 h. Expo-
sures were characterized by intentionality (“uninten-
tional” versus “intentional”), polydrug versus isolated
clonidine ingestion, and acuity (“acute” if the event was
a one-time ingestion versus “acute on chronic” if the
patient was previously receiving long-term clonidine
therapy and overdosed on his own medication). Total
clonidine ingestion when available was listed. Medical
outcomes were classified as minor (symptoms that were
minimal and resolved rapidly) and major (symptoms that
were systemic, required treatment, or were life-
threatening). Disposition was characterized as managed
“on site” (home or a non-healthcare facility), discharged
from the emergency department (ED), admitted to a
medical floor, admitted to a psychiatric facility, or admit-
ted to an intensive care unit (ICU).

The primary outcome of this study sought to
characterize the frequency and incidence rate of
pediatric clonidine ingestions in Florida over a period
of 15 years. Children with an exposure to Catapres®
(Manufacturer: Boehringer Ingelheim Pharmaceuticals,
Ridgefield, CT, USA), Catapres-TTS® (Manufacturer:
Boehringer Ingelheim Pharmaceuticals, Ridgefield, CT,
USA), and Kapvay® (Manufacturer: Concordia
Pharmaceuticals Inc., Oakville, Ontario, Canada) were
included. Secondary outcomes included description of
the exposures in relation to age, sex, dose,
intentionality, acuity of exposure, medical outcomes,
and disposition.

Poison control data were collected through the Toxic
Exposure Surveillance System (TESS). The authors would
like to acknowledge the Florida Poison Information
Center-Tampa for their assistance in providing the TESS
data for analysis. Data were abstracted onto a predesigned
standardized data collection instrument by personnel
blinded to the outcomes of interest. Descriptive statistics
and data analysis using multivariate regression analysis
were performed using Excel.

The Institutional Review Board at the University of
Central Florida determined that this study met criteria
for exempt status.
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Results

Three thousand four hundred forty-four potentially toxic
clonidine ingestions were reported to the Florida’s Poi-
son Control Centers throughout the 15 years examined
(Table 1). Forty percent of the cohort was female. Fur-
ther, 50.6% were less than 6 years old, 28.0% ages 6-11,
and 21.3% were greater than 11 years of age. The median
age was 5 years (interquartile range (IQR) 2 to 10). The
age distribution changed over time to an increasing pro-
portion of teenagers exposed from 19.7% in 2002 to
32.2% in 2016 (p < 0.0001, z test for proportions).

Total clonidine exposures increased from 182 to 378
exposures (range 131-378) over the study period. Simi-
larly, the incidence rate increased from 4.8 per 100,000
children in 2012 to 9.12 per 100,000 children in 2016
(Fig. 1). When examined in age groups of <6, 6-11, and
12-17 vyears, an increase in clonidine exposures over
time was still observed separately in all groups (Fig. 2).

Moreover, 36.5% of total patients overdosed on their
own medications; when examined by age, clonidine was
the child’s own medication in 13.6%, 64.0%, and 54.0% of
children <6, 6-11, and > 11 years of age respectively.
Over the study period, there was an increase in the ex-
posures deemed to be acute on chronic from 29.3% in
2002 to 42.2% in 2016 (p < 0.0001, z test for proportions)

Intentional overdoses accounted for 15.5% of total
exposures versus 0.3%, 7.0%, and 62.0% of exposures by
<6, 6-11, and > 11 year olds respectively. While total
exposures were consistently higher in males, the
percentage of intentional ingestions by female patients
increased over time from 52% in 2002 to 70% in 2016
(p <0.0001, z test for proportions).

In terms of disposition, 24% were managed at home,
34% were seen in the emergency department and dis-
charged, 8% were admitted to the floor, 25% were admit-
ted to the intensive care unit (ICU), 3% were admitted
to psychiatry, and 5% left against medical advice (AMA)
or were lost to follow-up. Over time, the percentage of
patients admitted to an inpatient setting increased
(Fig. 3).

There were no deaths reported during this timeframe.
Within the cohort, 36.2% had a major medical outcome.
Major medical outcomes were associated with older age
(p =0.0043, 95% CI 0.0015 to 0.0080) and higher clonidine
dose (p < 0.0001, 95% CI 0.0347 to 0.0600). Polydrug ver-
sus clonidine-only ingestion and exposure acuity were not
statistically significant. The median clonidine dose was
0.2 mg (IQR of 0.1 to 0.5, range of 0.025 to 27.5) for the
entire population. Older children were more likely to in-
gest a larger dose of clonidine (p < 0.001, 95% CI 0.0531 to
0.0734): median dose ingested for children less than 6 years
was 0.2 mg compared to 0.5 mg for those over 11 years of
age. Then, 31.4%, 10.2%, and 28.2% of children less than 6,
6-11, and greater than 11 years of age respectively were
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Table 1 Florida pediatric clonidine ingestions from 2002 to 2016 by age group
Age <6 (n=1744) 6-11 (n=966) 12-17 (n=734)
Total exposures (n = 3444) 1744 (50.6) 966 (28.0) 734 (21.3)
Gender Male (n=2077) 982 (47.3) 725 (34.9) 370 (17.8)
Female (n=1363) 760 (55.8) 239 (17.5) 364 (26.7)
Disposition Discharged from ED (n=1180) 722 (61.2) 290 (24.6) 8 (14.2)
Medical admission (n=276) 8 (57.2) 56 (20.3) 62 (22.5)
ICU admission (n = 854) 548 (64.2) 99 (11.6) 207 (24.2)
At home management (n = 834) 3 (25.5) 465 (55.8) 156 (18.7)
AMA (n=184) 2 (55.4) 49 (26.6) 33(17.9)
Psychiatry admission (n=115) 1 (0.9) 7 (6.0) 107 (93.0)
Death (n=0) 0 0 0
Outcome Minor (n=2196) 1115 (50.8) 664 (30.2) 7 (19.0)
Major (n = 888) 492 (55.4) 147 (16.6) 249 (28.0)
Unknown (n = 360) 137 155 68
Acuity Acute (n=2161) 1503 (69.6) 338 (15.6) 320 (14.8)
Acute on chronic (n = 1258) 238 (18.9) 624 (49.6) 396 (31.5)
Unknown (n=25) 3(120) 4 (16.0) 18 (72.0)
Ingestion type Clonidine only (n =2540) 1388 (54.6) 726 (28.6) 426 (16.8)
Mixed (n=904) 356 (394) 240 (26.5) 308 (34.1)
Intentionality Accidental (n =2889) 1732 (60.0) 887 (30.7) 270 (9.3)
Intentional (n =534) 6 (1.1) 72 (13.5) 456 (85.4)
Unknown (n=21) 6 (28.6) 7 (333) 8 (38.1)
Data are reported as n (%)
ED emergency department, ICU intensive care unit, AMA against medical advice
~
10
c 9 o
S /
T 8
£ N
O 7
2 /
S 6
8 J
5. N/ \ ~
- \
g 4
- \V 4 v
g 3
S
=
8 2
[«
x
wog
0
b O X H O A D O QO DAV D MO o
O O " O O ' O " & " D' &N &
AT AT AR AT AR AR AT AR AR AR AR ADT AR DT AR
Year
e ncidence Rate
Fig. 1 Incidence rate over time




Amico et al. International Journal of Emergency Medicine

(2019) 12:14

Page 4 of 6

200
180
3 160 A‘
3
w 120
[T
5 \ /
5 100 v, o
2 o N \" oS
E % \ "4 O
Z 60 2000’ o#
= . . e®00000 &
‘6 40 .... LI A 9.
- & NI
20 N P4 \ -
0
b O > O O QN @O O DO D™ O» o
Q" 7 L L7 L O O L I I Y Y QY 1y
AT AT AT AT AR AR AT AR ADT DT AT ADT DT DT AP
Year
e <6 years
eeeee (-11 years
e e»]2-17years
Fig. 2 Clonidine exposure over time by age

admitted to the ICU. However, when considering the en-
tire population, younger children were statistically more
likely to be admitted to the ICU (p<0.001, 95% CI -
0.0092 to - 0.0033).

Males were more likely to have acute on chronic in-
gestions (p <0.001, 95% CI - 0.1639 to - 0.0982): 40.6%
of males versus 28.5% of total female ingestions. Females

were significantly more likely to be admitted to the ICU
(p <0.0001, 95% CI 0.0380 to 0.0969): 22.1% of total
male compared to 28.9% of total female ingestions.

Discussion
There have been numerous case reports and case series
but very few larger studies examining pediatric clonidine
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ingestions were published in the literature [11-15]. The
study described in this paper adds to the limited data
available on this topic; and to our knowledge, is the lon-
gest study period to date, examining exposures over a
15-year span. This allowed for examination of trends
and changes in outcomes over time related to pediatric
clonidine overdoses.

Our analysis shows an increase in the incidence in
pediatric clonidine exposures over time when adjusted for
population growth; this is similar to a previous study which
demonstrated a rise in the number of exposures from 1993
to 1999 [15]. In our study however, there was a relatively
abrupt increase in the incidence rate around 2010 which
may be partially attributable to change in prescribing pat-
terns [3]. This may also explain the increase in acute on
chronic exposures over time, as later on in the study period,
children were more likely to overdose on their own medica-
tions. The increase in clonidine ingestions parallels an in-
crease in clonidine prescribing which has been consistently
documented in the literature, even preceding FDA approval
of this drug for ADHD [16, 17]. A study by Zito et al. looked
at statewide clonidine utilization among preschool Medicaid
enrollees aged 2—4 years old and noted a 28-fold increase in
the prevalence rate per 1000 from 0.1 to 2.3 during 1991 to
1995 [6]. Another study demonstrated that from 2003 to
2008, the proportion of Medicaid children 3-18 years old
receiving clonidine nearly doubled across all age groups
[18]. Currently, clonidine usage in very young children,
those 5 years and younger, still constitutes off-label prescrib-
ing, which raises concerns due to the limited safety and effi-
cacy data in this specific population [5, 19].

Clonidine ingestions can lead to serious adverse effects
[8, 10, 13]. Our study had no deaths related to clonidine
exposure, similar to other published observational and
case reports [20-22]. Clonidine-associated pediatric fa-
talities have been rarely reported in the literature: the
study by Klein-Schwartz reported one fatality out of 10,
060 exposures [15]. While mortality is rare, the signifi-
cant morbidity caused still results in a need for
hospitalization, invasive monitoring, and mechanical
ventilation [12, 23]. Still, 24% of our patient population
was managed at home. This reflects current Florida
Poison Center standardized recommendations which in-
dicate a patient may be monitored at home if the patient
is asymptomatic and has consumed a quantity of cloni-
dine less than 0.1 mg for children <5 years of age,
0.2 mg for children 5-8 years, <0.4 mg for children 9
and older. For an ingestion in asymptomatic children
who was regularly taking this medication, referral to a
hospital setting was not indicated if the child had
ingested less than double their therapeutic or prescribed
daily dose.

In our study, the proportion of patients admitted to a
medical floor or ICU increased over time. Twenty-five

(2019) 12:14

Page 5 of 6

percent were admitted to the ICU which was slightly
higher compared to 20% reported in a similar study
from the 1990s [15]. Younger patients were more likely
to be admitted to the ICU, which likely reflects the
higher proportion of young children in the study popula-
tion. This may also be related to the unreliable effects of
clonidine ingestion [24]. In our study, higher clonidine
dose was associated with worse outcome. While some
studies have attempted to establish a dose-response rela-
tionship, there is no clear weight-based dose at which
clonidine is toxic or lethal [12, 22, 25]. Thus, this may
prompt physicians to practice conservatively and admit
younger patients to a higher care setting.

While we included all known reported clonidine inges-
tions during the study time period, data were limited to
cases called in to poison control. If individuals or pro-
viders chose not to call, these data would be lost. Some
patients were lost to follow-up which may limit outcome
results; in our study sample, this was 5.3%. The dataset
does not differentiate short-acting vs. extended-release
clonidine which could affect outcomes. Also, outcomes
may be affected in the setting of polypharmacy ingestion;
however, our study found no relationship between poly-
drug versus clonidine-only ingestions and outcomes. We
studied only clonidine ingestions and did not include in-
gestions of guanfacine, a similar agent. Guanfacine is a
newer drug and thought to be less sedating compared to
clonidine which may affect prescriber patterns; it re-
ceived FDA approval for ADHD of pediatric patients in
2009, similar to clonidine [26].

Conclusion

This study demonstrated an increase in the incidence of
pediatric clonidine accidental and intentional ingestions
over the study period. Given clonidine’s high yet unpre-
dictable potential for neurologic and cardiac effects,
these patients are being increasingly admitted to a moni-
tored setting.

Abbreviations
ADHD: Attention deficit hyperactivity disorder; ED: Emergency department;
EMS: Emergency medical services; FDA: Food and Drug Administration

Acknowledgements
None.

Funding
n/a

Availability of data and materials
n/a (public database review).

Disclaimer

This research was supported (in whole or part) by HCA Healthcare and /or
an HCA Healthcare affiliated entity. The views expressed in this publication
represent those of the authors and do not necessarily represent the official
views of HCA healthcare or any of its affiliated entities.



Amico et al. International Journal of Emergency Medicine

Authors’ contributions

KA, RC, and LG conceived the study. KA collected the data. LG performed
the statistical analyses and cross checked the data. KA, RC, and LG drafted
the manuscript, and all authors contributed substantially to its revision. KA
takes responsibility for the paper as a whole. All authors read and approved
the final manuscript.

Ethics approval and consent to participate
This study was exempt by the Institutional Review Board at the University of
Central Florida, IRB Number: SBE-18-14171.

Consent for publication
Waiver of informed consent was approved by the IRB for this study.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

'UCF HCA Emergency Medicine Residency Program of Greater Orlando,
Orlando, USA. *Emergency Medicine and Neurology, University of Central
Florida College of Medicine, Orlando, FL, USA. *Envision Physician Services,
Plantation, USA.

Received: 27 April 2019 Accepted: 21 June 2019
Published online: 04 July 2019

References
1. Cushman P. Clonidine and alcohol withdrawal. Adv Alcohol Subst Abuse.
1987,7:17-28.

2. Henry K, Harris CR. Deadly ingestions. Pediatr Clin. 2006;53:293-315.

3. Kollins SH, Jain R, Brams M, et al. Clonidine extended-release tablets as add-
on therapy to psychostimulants in children and adolescents with ADHD.
Pediatrics. 2011;127:1406-13.

4. Naguy A. Clonidine use in psychiatry: panacea or panache? Pharmacol.
2016;98:87-92.

5. Bourgeois FT, Kim JM, Mand| KD. Premarket safety and efficacy studies for
ADHD medications in children. PLoS One. 2014;9:2102249.

6.  Zito JM, Safer DJ, Gardner JF, et al. Trends in the prescribing of psychotropic
medications to preschoolers. JAMA. 2000;283:1025-30.

7. Craig CR, Stitzel RE, editors. Modern Pharmacology with Clinical
Applications. 6 ed. Philadelphia: Lippincott Williams & Wilkins; 2004.

8. Kapvay: Full prescribing information. Shionogi Pharma, U.S. Food and
Drug Administration, Center for Drug Evaluation and Research; Atlanta;
2010. Available from http://www.accessdata.fda.gov/scripts/cder/
drugsatfda/index.cfm. Accessed 27 June 2019.

9. Michael JB, Sztajnkrycer MD. Deadly pediatric poisons: nine common agents
that kil at low doses. Emerg Med Clin North Am. 2004;22:1019-50.

10.  Erickson SJ, Duncan A. Clonidine poisoning—an emerging problem:
epidemiology, clinical features, management and preventative strategies. J
Paediatr Child Health. 1998;34:280-2.

11. Nichols MH, King WD, James LP. Clonidine poisoning in Jefferson County,
Alabama. Ann Emer Med. 1997,29:511-7.

12. Wiley JF, Wiley CC, Torrey SB, et al. Clonidine poisoning in young children. J
Pediatr. 1990;116:654-8.

13. Matteucci M. One pill can kill: assessing the potential for fatal poisonings in
children. Pediatr Ann. 2005;34:964-8.

4. Child Population by Age Group. KIDS COUNT data center, Population
Division, U.S. Census Bureau; 2017. Available from https://datacenter.
kidscount.org. Accessed 27 June 2019.

15.  Klein-Schwartz W. Trends and toxic effects from pediatric clonidine
exposures. Arch Pediatr Adolesc Med. 2002;156:392-6.

16.  Castle L, Aubert RE, Verbrugge RR, et al. Trends in medication treatment for
ADHD. J Atten Disord. 2007;10:335-42.

17. Cox ER, Halloran DR, Homan SM, et al. Trends in the prevalence of chronic
medication use in children: 2002-2005. Pediatrics. 2008;122:21053-61.

18. Yoon EY, Cohn L, Rocchini A, et al. Clonidine utilization trends for Medicaid
children. Clin Pediatr. 2012,51:950-5.

(2019) 12:14

22.

23.

24.

25.

26.

Page 6 of 6

Panther SG, Knotts AM, Odom-Maryon T, et al. Off-label prescribing trends
for ADHD medications in very young children. J Pediatr Pharmacol Ther.
2017,22:423-9.

Fiser DH, Moss MM, Walker W. Critical care for clonidine poisoning in
toddlers. Crit Care Med. 1990;18:1124-8.

Romano MJ, Dinh A. A 1000-fold overdose of clonidine caused by a
compounding error in a 5-year-old child with attention-deficit/hyperactivity
disorder. Pediatrics. 2001;108:471-2.

Sinha Y, Cranswick NE. Clonidine poisoning in children: a recent experience.
J Paediatr Child Health. 2004;40:678-80.

Heidemann SM, Sarnaik AP. Clonidine poisoning in children. Crit Care Med.
1990;18:618-20.

Anderson RJ, Hart GR, Crumpler CP, et al. Clonidine overdose: report of six
cases and review of the literature. Ann Emerg Med. 1981;10:107-12.

Benson BE, Spyker DA, Troutman WG, et al. TESS-based dose-response using
pediatric clonidine exposures. Toxicol Appl Pharmacol. 2006;213:145-51.

Sallee FR, Lyne A, Wigal T, et al. Long-term safety and efficacy of guanfacine
extended release in children and adolescents with attention-deficit/
hyperactivity disorder. J Child Adolesc Psychopharmacol. 2009;19:215-26.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm
https://datacenter.kidscount.org
https://datacenter.kidscount.org

	Abstract
	Background
	Results
	Conclusions

	Introduction
	Materials and methods
	Results
	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Disclaimer
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

