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Abstract
Background Transdermal drug delivery systems (TDDS) pose special risks considering a large amount of drug they contain and
their modified release properties. We sought to characterize TDDS exposures reported to the National Poison Data System
(NPDS).
Methods NPDS was searched for all human exposures to a TDDS from 1/1/2006 to 12/31/2015. Only single-substance TDDS
exposures followed to a known medical outcome were included for final analysis. Specific data analyzed was date, sex, age,
TDDS product, exposure reason, route of exposure, medical outcome, management site, level of health care facility care, clinical
effects, and interventions.
Results Over that 10-year period, 6746 adults and 1917 pediatric exposures were identified. Exposures declined over the study
period. The most common exposure reason in adults was intentional abuse (n = 1622) compared to unintentional-general
(n =1 070) in pediatric cases. TDDS ingestion was reported in 4519 adults and 2825 pediatric cases. Fentanyl was the most
common substance encountered in adult (n = 4656) and pediatric cases (n = 474). No or minor effect were the most common
medical outcomes in both groups. In fentanyl cases, moderate or major outcomes were seen in 54% (n = 1062) of adult and 26%
(n = 54) of pediatric cases. Naloxone was given in 1080 cases. Ninety-seven deaths (91 adults, 6 pediatrics) were reported, all
involving ingestion of the TDDS. Fentanyl was associated with 80 adult and 5 pediatric deaths.
Conclusion Overall, single-substance TDDS exposures decreased over the duration of this study and typically resulted in no or
mild effects. However, exposures involving fentanyl resulted in higher rates of major or moderate medical outcomes and were
associated with multiple deaths.
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Introduction

The skin is one of the largest organ systems, and its main
function is to act as a barrier and interface to the surrounding
environment. There has long been an interest in using the large
surface area of the skin to deliver drugs, whether topical or
systemic. Early history documents the use of various
ointments, liniments, creams, and even primitive patches as
far back as 3000 BC [1]. However, it was not until 1979 that
transdermal scopolamine became the first commercially avail-
able patch or transdermal drug delivery system (TDDS) [2].
Soon after, transdermal clonidine patches became available in
1984 and there since has been a steady increase in the number
of available TDDS [3]. As of 2018, there are over 20 drugs
commercially available as a TDDS [4]. They are marketed to
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treat a variety of conditions including chronic pain, attention
deficit hyperactivity disorder, Parkinson’s disease, and coro-
nary artery disease [4].

With the increasing number of TDDS available, there is
concern regarding their potential for toxicity. Local toxicity,
primarily skin irritation, from TDDS use is a common and
well-described phenomenon [5]. More concerning is the po-
tential for systemic toxicity due to the large amount of drug a
TDDS may contain. For example, per package inserts a
100 mcg/h fentanyl TDDS containing 10mg of fentanyl while
a 0.3 mg/day clonidine TDDS has 7.5 mg of clonidine [6, 7].
The risk of toxicity and adverse outcomes are further in-
creased if the TDDS is tampered with or used improperly.
Case of ingesting, chewing, and smoking transdermal delivery
systems have resulted in significant morbidity and mortality
[8–11]. Equally concerning is that large amounts of drugs may
remain present in TDDS evenwhen they are correctly used for
the prescribed duration. If inappropriately disposed of these,
“spent” TDDS may pose a risk for unintentional toxicity, es-
pecially in pediatric patients, or for intentional abuse [12, 13].

While there have been several case reports and series de-
scribing toxicity from specific TDDS, such as scopolamine,
lidocaine, clonidine, and fentanyl TDDS, there is a paucity of
literature examining wider trends and outcomes of TDDS tox-
icity [9, 14–16]. We sought to examine TDDS exposures re-
ported to the National Poison Data System (NPDS) to better
characterize the nature of the exposures and the outcomes
associated with them.

Methods

This was an IRB approved cross-sectional study of quantita-
tive data obtained from the NPDS. The NPDS is the data
warehouse for the 55 poison control centers in the USA.
Each center uploads deidentified data after providing informa-
tion and exposure management services to callers in near real
time. The current time for uploading of all poison center data
is 9.5 min [17]. The NPDS represents one of the largest repos-
itories of information regarding US exposures and poison
management. The NPDS was queried for all single-
substance TDDS product human exposures between January
1, 2006 and December 31, 2015. “Single substance” was de-
fined a priori as cases where only the TDDS product was the
reported substance exposure. Exposure formulation “patch”
and 330 product codes matching TDDS products were iden-
tified. Data abstracted from this query included year of expo-
sure, route of exposure, gender, reason for exposure, age of
exposed individual (pediatric was defined as 19 years of age
or less (≤ 19 years); adult was defined as 20 years of age or
greater (≥ 20 years)), TDDS product of exposure, medical
outcomes, recorded “related” clinical effects, and
“Performed” or “Recommended and Performed” therapeutic

interventions. Medical outcomes were coded as follows: no
effect—the patient developed no symptoms; minor effect—
the patient exhibited some symptoms as the result of the ex-
posure that were minimally bothersome to the patient but self-
limiting without treatment and results in full recovery; mod-
erate effect—the patient exhibited symptoms as a result of the
exposure which are more pronounced, prolonged, or more of a
systemic nature than minor symptoms which require some
form of treatment or recommendation for treatment but do
not result in permanent or life-threatening effects; major
effect—the patient exhibits symptoms as a result of the expo-
sure which were life-threatening or resulted in significant re-
sidual disability or disfigurement. Case narratives were not
reviewed for this study. Descriptive statistics including fre-
quencies and cross tabs were completed in IBM Statistics for
Mac (v. 25, IBM Corporation, Armonk, NY). Proportions are
presented with 95 % confidence intervals (CI).

Results

A total of 15,207 single-substance TDDS exposures were
identified. Of these, 6364 cases were excluded from further
evaluation (Fig. 1). Further evaluation was completed on the
remaining 8663 (1917 pediatrics, 6746 adults, and 36 un-
known ages) exposures.

Fig. 1 Flow chart of exposures and exclusions
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Pediatric TDDS exposures reached a peak in number of
exposures in 2007 (240) and declined to a nadir of 144 cases
in 2015, while adult exposures reached a peak in 2010 (837)
and declined to 477 in 2015 (Fig. 2).

Forty-three percent of pediatric exposures were female
(n = 821; CI, 40.6–45) while 56 % (n = 6710; CI, 55.1–57.5)
of adult exposures were female.

Ingestion and dermal were the top routes of exposure
for all age groups (Table 1). Ingestion represented 67 %
(n = 4519; CI, 65.9–68.1) and dermal 42 % (n = 2825; CI,
40.7–43.1) of adult exposures. In pediatric patients age ≤
5 years, 70 % (n = 768; CI, 67.3–72.8) were ingestions
and 35 %(n = 382; CI, 32.1–37.8) were dermal; 6–

12 years of age, 59.6 % (n= 240; 95 % CI, 54.6–64.4)
were dermal while 44.4 % (n = 179; CI, 39.5–49.4) were
ingestions; and 13–19 years of age, 67.4 % were inges-
tions (n = 277; CI, 62.6–71.9) while 33.8 % (n = 139; CI,
29.3–38.6) were dermal.

More serious outcomes (moderate, major, or death) were
more commonly reported in adult encounters (54%; n = 3630;
CI, 52.6–55) than in pediatric encounters (26 %; n = 497; CI,
24–27.9) (Table 2). Among pediatric encounters, rates of se-
rious outcomes increased with age: 15.5% (n = 170; CI, 13.4–
17.8) of ≤ 5 years of age compared to 27.3% (n = 110; CI, 23–
31.9) of 6–12 years old and 52.6 % (n = 216; CI, 47.6–57.5)
13–19 years old.

Fig. 2 Adult and pediatric single
agent TDDS exposures by year

Table 1 Routes of exposure by age

Ingestion Dermal Inhalation/
nasal

Ocular Other PO Rectal Unknown Vaginal Total for age

< 1 year 233 93 0 0 0 0 0 4 0 305

1–2 years 215 88 7 0 0 4 0 1 0 284

2–3 years 160 51 0 5 0 0 0 1 0 210

3–4 years 75 39 0 3 1 0 0 0 0 113

4–5 years 45 54 0 0 0 1 0 0 0 94

Unknown child (≤ 5 years) 40 57 0 1 0 1 0 0 0 89

6–12 years 179 240 0 5 3 6 0 1 0 403

13–19 years 277 139 21 5 1 12 0 2 0 411

Unknown pediatric (≤ 19 years) 5 4 0 0 0 0 0 1 0 8

20–30 years 837 268 66 12 7 69 0 13 0 1129

30–40 years 951 416 36 14 3 61 3 16 1 1260

40–50 years 1043 519 32 8 9 33 1 9 1 1362

50–60 years 893 515 18 14 9 18 0 9 0 1217

60–70 years 330 334 6 4 8 10 0 4 0 579

70–80 years 172 281 1 3 3 7 0 4 0 430

80–90 years 108 227 0 1 3 1 0 3 0 323

90+ years 35 55 0 3 1 1 0 0 0 86

Unknown adult (≥ 20 years) 137 189 5 15 3 3 0 0 0 324

Unknown age 13 21 0 1 1 1 0 1 0 36

Total 5748 3590 192 94 52 228 4 69 2 8663
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When a TDDSwas reported as being ingested, 41.7% (n =
845; CI, 40.3–43.2) of the adult cases had a moderate or major
outcome compared to 18.5 % (n = 227; CI, 16.3–20.8) of
pediatrics cases Among fentanyl exposures, moderate or ma-
jor outcomes were seen 60 % (n = 2800; CI, 58.7–61.5) of
adult fentanyl cases and 43.2 % (n = 205; CI, 38.7–47.8) of
pediatric fentanyl cases.

Seventy-eight percent (n = 5253; CI, 76.9–78.9) adult pa-
tients were managed in a healthcare facility compared to 53 %
(n = 1026; CI, 51.3–55.8) of pediatric patients.

Among pediatric patients rates of management in a
healthcare facility increased with age as 46.6 % of age ≤
5 years (n = 510; CI, 43.6–49.6); 47.9 % (n = 193; CI, 42.9–
52.9) of patients age 6–12 years; and 77.9 % (n = 320; CI,
73.5–81.8) of patients age 13–19 years old were managed in a
healthcare facility.

Of the pediatric patients managed at a healthcare facility,
60.5 % (n = 929; CI, 58–62.9) treated/evaluated and released
(Table 3). Rates of admission increased with age, as among
patients age 13–19 years, 34.7 % (n = 111; CI, 29.5–40.2)
were admitted to critical care unit; 12.8 % (n = 41; CI, 9.4–
17) were admitted to noncritical care unit; and 6.6 % (n = 21;
CI, 4.1–9.9) were admitted to psychiatric care unit.

For adult cases managed at a healthcare facility manage-
ment, 33.4 % were treated/evaluated and released (n = 1748;
CI, 32.1–34.6) with 37.3 % admitted to critical care unit (n =
1956; CI, 36–38.6); 15.7 % admitted to noncritical care unit

(n = 821; CI, 14.7–16.7); and 6.3 % admitted to psychiatric
care unit (n = 329; CI, 5.6–7).

The 3 most common reasons for exposure in all pediatric
patients was unintentional-general (n = 1070; CI, 53.6–58.1);
intentional abuse (n = 220; CI, 10.1–13); and adverse reaction
drug (n = 189; CI, 8.6–11.3). In the 13–19-year-old age group,
intentional abuse (165/411; CI, 35.4–45.1); intentional-
suspected suicide (62/411; CI, 11.8–18.9); and adverse reac-
tion drug (55/411; CI, 10.2–17.1) were most common.

The 3 most common reasons for exposure in adult patients
was intentional abuse (n = 1622; CI, 23–25.1); intentional-
suspected suicide (n = 1332; CI, 18.7–20.6); and adverse re-
action drug (n = 977; CI, 13.7–15.3).

>Among adult cases, the vast majority of exposures
were to fentanyl (69 %; n = 4656; CI, 67.9–70.1).
Tables 4 and 5 list the 5 most common TDDS exposures
in adult cases and the corresponding most frequent clinical
effects and therapies. In the pediatric population, fentanyl
was also the most common TDDS involved in exposures
(24.7 %; n = 474; CI,22.8–26.7) but methylphenidate was a
close second (21.9 %; n = 419; CI, 20–23.8). The most
common TDDS involved in exposures did vary by age
group. Table 6 and 7 demonstrates the 3 most common
TDDS exposures in the pediatric age subgroups and the
most frequent associated clinical effects and therapies.

Naloxone was given in a total of 2807 cases (2551 adults
and 256 pediatric cases) and was the most common

Table 2 Medical outcomes by age distribution

No effect Moderate effect Major effect Minor effect Death Death, indirect report Total

< 1 year 219 24 11 51 0 0 305

1–2 years 153 38 25 65 3 0 284

2–3 years 154 15 2 39 0 0 210

3–4 years 77 7 2 27 0 0 113

4–5 years 43 23 2 25 1 0 94

Unknown child (≤ 5 years) 42 15 2 30 0 0 89

6–12 years 163 106 4 130 0 0 403

13–19 years 63 159 55 132 2 0 411

Unknown pediatric (≤ 19 years) 2 1 0 5 0 0 8

20–30 years 106 450 216 343 13 1 1129

30–40 years 121 516 215 386 20 2 1260

40–50 years 126 569 224 430 9 4 1362

50–60 years 126 488 186 396 18 3 1217

60–70 years 88 213 63 205 10 0 579

70–80 years 94 156 21 154 5 0 430

80–90 years 90 99 10 122 2 0 323

90+ years 30 26 3 27 0 0 86

Unknown adult (≥ 20 years) 66 86 10 158 2 2 324

Unknown age 6 8 2 20 0 0 36

Total 1769 2999 1053 2745 85 12 8663
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intervention in adults. Dilute/irrigate/wash, which includes
simple dilution with oral liquids and wiping off the skin,
was the most common pediatric intervention (n = 421). In
cases where a fentanyl TDDS was reported to have been
ingested naloxone was documented as being administered in
60 % (n = 2107) of the adult and 52 % (n = 169) of the pedi-
atric cases. In total, decontamination was performed with ac-
tivated charcoal in 559 cases (490 adult and 69 pediatric cases)
and whole bowel irrigation in 244 cases (203 adult and 41
pediatric cases). All of the cases when decontamination was

performed were cases where ingestion of the TDDS was
reported.

A total of 97 deaths (91 adult and 6 pediatric) were reported
over the study period. All deaths involved ingestion of the
TDDS. Fentanyl was associated with 80 of the 91 adult deaths
while clonidine was involved in 4 adult deaths and
buprenorphine TDDS was implicated in 1 adult death. Of
the 6 pediatric deaths, 5 cases involved fentanyl and 1 case
involved ingestion of a selegiline TDDS. Three of the deaths
occurred in children less than 2 years of age.

Table 3 Level of healthcare facility management by age

Treated/evaluated
and released

Admitted to
critical care unit

Admitted to
noncritical
care unit

Admitted to
psychiatric
care unit

Patient refused referral/did
not arrive at HCF

Patient lost to
follow-up/left AMA

Total

< 1 year 103 20 18 0 2 3 146

1–2 years 79 44 12 5 5 6 151

2–3 years 58 7 11 0 1 0 77

3–4 years 31 6 6 0 1 0 44

4–5 years 33 7 9 0 0 1 50

Unknown child
(≤ 5 years)

28 5 8 0 0 1 42

6–12 years 127 26 32 2 2 4 193

13–19 years 136 111 41 21 1 10 320

Unknown pediatric
(≤ 19 years)

2 0 0 0 0 1 3

20–30 years 347 326 130 71 25 53 952

30–40 years 375 409 135 80 22 53 1074

40–50 years 358 494 173 88 23 45 1181

50–60 years 313 416 157 65 17 35 1003

60–70 years 107 182 76 15 14 16 410

70–80 years 102 57 71 4 6 14 254

80–90 years 67 40 56 0 11 8 182

90+ years 17 11 14 0 3 2 47

Unknown adult
(≥ 20 years)

62 21 9 6 12 28 138

Unknown age 5 3 1 0 1 2 12

Total 2350 2185 959 357 146 282 6279

Table 4 Top 5 adult TDDS exposures with top 5 therapies

TDDS Therapies (%, [95 % CI])

Fentanyl
(4656)

Naloxone
(52.7 % [51.3–54.2])

IV fluids
(40.3 %, [38.9–41.8])

Oxygen
(27 % [25.7–28.3])

Other
(12.6 % [11.7–13.6])

Intubation
(9.7 %, [8.8–10.6])

Lidocaine
(482)

Dilute/irrigate/wash
(25.3 % [21.5–29.4])

IV fluids
(16.6 % 13.4–20.2])

Other
(11.2 % [8.5–14.4])

Oxygen
(10.2 % [7.6–13.2])

Naloxone
(6.6 % [4.6–9.2])

Rivastigmine
(330)

IV fluids
(20.9% [16.6–25.7])

Dilute/irrigate/wash
(17 % [13.1–21.5])

Other
(12.7 % [9.3–16.7])

Antiemetics
(7.9 % [5.2–11.3])

Oxygen
(7.3 % [4.7–10.6])

Nicotine
(241)

Dilute/irrigate/wash
(37.3 % [31.2–43.8])

Other
(12.9 % [8.9–17.8])

Food/snack
(10 % [6.5–14.5])

IV fluids
(6.2 % [3.5–10.1])

Benzodiazepines
(5.4 % [2.9–9])

Clonidine
(183)

IV fluids
(28.2 % [22.6–34.3])

Other
(9.5 % [6.1–14])

Charcoal, single dose
(7.5 % [4.5–11.5])

Naloxone
(7.5 % [4.5–11.5])

Oxygen
(6.6 % [3.8–10.6])
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Discussion

While there continues to be research and development
aimed at increasing the use of transdermal drug delivery
systems (TDDS) for improved medication compliance and
patient comfort, the toxicology of these products has not
been well-characterized [18]. In theory, TDDS has the po-
tential to cause significant toxicity due to the relatively
large amount of drug they contain and their modified re-
lease properties, particularly when used inappropriately,
such as being ingested [6, 7]. Furthermore, several of the
drugs found in TDDS, such as fentanyl and clonidine, are
potentially toxic at microgram doses yet contain milligram
amounts of the drug. Thus, it could be reasonably expected
that exposures to these agents may cause significant

morbidity and even mortality. The best practice manage-
ment of TDDS exposures, at both the bedside and via poi-
son control centers, is currently not well-established and
would vary widely depending on the nature of the expo-
sure. Unintentional exposures may be difficult to detect
unless a TDDS exposure is elicited on history or found
on physical exam. In such cases, examination of the oral
cavity and ensuring the patient’s skin is fully exposed may
be critical in detecting the presence of a TDDS. Intentional
exposures may be more obvious but have the potential to
cause more morbidity and mortality. Based on this study of
single-substance NPDS TDDS exposures, most non-
fentanyl TDDS exposures can be expected to cause only
minimal morbidity, even with reported ingestions of the
TDDS. However, cases of possible fentanyl TDDS

Table 5 Top 5 adult TDDS exposures with top 5 clinical effects

TDDS Clinical effects (% [95 % CI])

Fentanyl
(4656)

Drowsiness/lethargy
(53.2 % [51.8–54.7])

Respiratory depression
(22.6 % [21.4–23.8])

Coma
(19.9 %, [18.8–21.1])

Tachycardia
(14.7 %, [13.7–15.8])

Confusion
(8.2 %, [7.5–9.1])

Lidocaine
(482)

Drowsiness/lethargy
(18 % [14.7–21.8])

Other
(10.2 %, [7.6–13.2])

Dizziness/vertigo
(7.9 %, [5.6–10.7])

Confusion
(7.3 % [5.1–10])

Nausea
(6.4 %, [4.4–9])

Rivastigmine
(330)

Vomiting (29.4 %
[24.5–34.6])

Nausea
(22.1 % [17.8–27])

Diarrhea
(10.3 %, [7.2–14.1])

Drowsiness/lethargy
(9.7 % [6.7–13.4])

Dizziness/vertigo
(8.2 %, [5.5–11.7])

Nicotine
(241)

Nausea
(37.8 % [31.6–44.2])

Dizziness/Vertigo
(27.4% [21.9–33.5])

Vomiting
(18.3 % [13.6–23.7])

Other
(15.4 % [11–20.5})

Tachycardia
(7.9 % [4.8–12])

Clonidine
(183)

Bradycardia
(32 % [26.1–38.2])

Drowsiness/lethargy
(27.8 % [22.2–33.9])

Hypotension
(21.6% , [16.6–27.3])

Dizziness/vertigo
(9.1%, [5.8–13.5])

Miosis
(5.8 %, [3.2–9.6])

Table 6 Top 3 pediatric TDDS exposures by age with top 5 clinical effects

Age <= 5 years
TDDS Clinical effect (% [95% CI])

Fentanyl (247) Drowsiness/lethargy
(30.4% [24.7–36.5])

Respiratory depression
(14.6% [10.4–19.6])

Coma
(8.1% [5–12.2])

Vomiting
(6.5% [3.7–10.3])

Tachycardia
(6.1% [3.4–9.8])

Nitroglycerin (151) Vomiting
(1.3% [0.2–4.7])

Dermal irritation/pain
(0.7% [0–3.6])

Erythema/flushed
(0.7% [0–3.6])

Headache
(0.7% [0–3.6])

Hypoglycemia
(0.7% [0–3.6])

Nicotine (130) Vomiting
(50% [41.1–58.9])

Nausea
(50% [41.1–58.9])

Agitated/irritable
(3.8% [1.3–8.7])

Dizziness/vertigo
(3.8% [1.3–8.7])

Erythema/flushed
(3.8% [1.3–8.7])

Age 6–12 years
TDDS Clinical Effect (% [95% CI])

Methylphenidate (227) Other
(17.6% [12.9–23.2])

Agitated/irritable
(13.7% [9.5–18.8])

Tachycardia
(12.8% [8.7–17.8])

Drowsiness/lethargy
(6.6% [3.7–10.7])

Dystonia
(5.3% [2.8–9.1])

Clonidine (59) Drowsiness/lethargy
(66.1% [52.6–77.9])

Bradycardia
(35.6% [23.6–49.1])

Hypotension
(22% [12.3–34.7])

Miosis
(5.1% [1.1–14.1])

Respiratory depression
(5.1% [1.1–14.1])

Lidocaine (36) Erythema/flushed
(5.6% [.0.7–18.7])

Bradycardia
(2.8% [0.1–14.5])

Dizziness/vertigo
(2.8% [0.1–14.5])

Numbness
(2.8% [0.1–14.5])

Seizure
(single)
(2.8% [0.1–14.5])

Age 13–19
TDDS Clinical effect (% [95% CI])

Fentanyl (202) Drowsiness/lethargy
(47% [40–54.2])

Respiratory depression
(32.2% [25.8–39.1])

Coma
(27.2% [21.2–33.9])

Tachycardia
(17.3% [12.4–23.3])

Vomiting
(11.4% [7.4–16.6])

Methylphenidate (78) Tachycardia
(29.5% [19.7–40.9])

Agitated/irritable
(12.8% [6.3–22.3])

Hypertension
(11.5% [5.4–20.8])

Other
(10.3% [4.5–19.2])

Mydriasis
(9% [3.7–17.6])

Nicotine (27) Nausea
(33.3% [16.5–54])

Vomiting
(33.3% [16.5–54])

Dizziness/vertigo
(22.2% [8.6–42.3])

Other
(14.8% [4.2–33.7])

Tachycardia
(14.8% [4.2–33.7])

Lidocaine (27) Other
(18.5% [3.9–33.2])

Tachycardia
(18.5% [3.9–33.2])

Coma
(11.1% [0–23])

Confusion
(11.1% [0–23])

Dizziness/vertigo
(11.1% [0–23])

J. Med. Toxicol. (2020) 16:33–4038



exposures appear to warrant aggressive care and consider-
ation for decontamination and naloxone therapy.

Fentanyl was the most commonly encountered TDDS sub-
stance in this study and was associated with the most severe
outcomes and deaths in adult cases. In pediatric cases, it was
the second most commonly encountered substance but was
associated with a majority of major outcomes and all deaths.
This is consistent with previously published reports [8, 19]. In
contrast, the buprenorphine TDDS, which was introduced in
2010, was associated with only 1 adult death, though the
number of reported exposures were low. Exposures, including
ingestions, of non-opioid TDDS products typically resulted in
no effect or mild outcomes and no deaths.

Naloxone was frequently given in this study, again
reflecting the impact of fentanyl TDDS, particularly fentanyl
TDDS ingestions which accounted for 81 % (n = 2281/2813)
of naloxone cases. From the available data, we could not com-
ment on the necess i ty or ef f icacy of naloxone .
Decontamination with activated charcoal and whole bowel
irrigation (WBI) was performed at a relatively low rate, oc-
curring in only 2 % (93/4506) and 1.4 % (17/1229) of adult
and pediatric ingestion cases, respectively. The clinical effica-
cy of decontamination efforts or reason for not performing
decontamination could not be ascertained from this study.
Ingestion of a TDDS is not specifically mentioned in expert
guidelines for the use of activated charcoal or WBI, but intu-
itively such an exposure could be amenable to decontamina-
tion [20]. By their very design, TDDS are modified release
products and evidence suggests large amounts of the drug can
be liberated when a TDDS is exposed to gastric and intestinal

fluids [21]. There is a prior report of the successful use ofWBI
in TDDS ingestions, but this study suggests it is rarely per-
formed [22]. Further studies into the use of decontamination
for reported TDDS ingestions seem warranted.

Results from this study examined outcomes from expo-
sures to currently available TDDS products, but it is important
to note that the TDDSmarket is dynamic. Over the last several
decades, there has been an increase in the number of available
TDDS products [18]. This study demonstrated that single-
substance exposures to TDDS were increasing annually in
adults until 2011 but then declined over the next 4 years. By
comparison, pediatric exposures peaked in 2007 but have
slowly declined since. The reason behind these declines is
unclear. It may be due to increasing familiarity with these
products resulting in exposures not being reported. It could
also be due to increased use of anti-tampering technology such
as fentanyl TDDS using matrix technology vs. reservoir tech-
nology leading to less misuse. Pediatric exposures may be
declining due to campaigns by the Food and Drug
Administration promoting proper TDDS disposal. As TDDS
technology evolves, new toxicological challenges may pres-
ent themselves. For instance, micro-needle technology is be-
ing developed which uses micro-projections which form
micro-channels in the stratum corneum to allow improved
drug absorption that could potentially enhance absorption af-
ter ingestion [23].

While this study suggests overall TDDS exposures are as-
sociated with minimal morbidity and mortality, it does have
several limitations. It is a retrospective review of NPDS data
which is a compilation of data from the US poison control

Table 7 Top 3 pediatric TDDS exposures by age with 5 most common therapies

Age <= 5 years
TDDS (n) Therapies (% [95% CI])

Fentanyl (247) Naloxone
(32.4% [26.6–38.6])

Dilute/irrigate/wash
(23.5% [18.3–29.3])

IV fluids
(20.2% [15.4–25.8])

Oxygen
(10.1% [6.7–14.6])

Ventilator
(5.7% [3.1–9.3])

Nitroglycerin (151) Dilute/irrigate/wash
(44.4% [36.3–52.7])

Food/snack
(16.6% [11–23.5])

Other
(3.3% [1.1–7.6])

IV fluids
(2.6% [0.7–6.6])

Charcoal, single dose
(1.3% [0.2–4.7])

Nicotine (130) Dilute/irrigate/wash
(56.9% [48–65.6])

Food/snack
(9.2% [4.9–15.6])

Other
(5.4% [2.2–10.8])

IV fluids
(4.6% [1.7–9.8])

Antiemetics
(3.8% [1.3–8.7])

Age 6–12 years
TDDS (n) Therapies (% [95% CI])

Methylphenidate (227) Dilute/irrigate/wash
(22.5% [17.2–28.5])

Benzodiazepines
(8.8% [5.5–13.3])

Antihistamines
(7% [4.1–11.2])

Other
(7% [4.1–11.2])

IV fluids
(5.7% [3.1–9.6])

Clonidine (59) IV fluids
(37.3% [25–50.9])

Naloxone
(15.3% [7.2–27]

Charcoal, single dose
(10.2% [3.8–20.8])

Dilute/irrigate/wash
(10.2% [3.8–20.8])

Other
(10.2% [3.8–20.8])

Lidocaine (36) Dilute/irrigate/wash
(61.1% [43.5–76.9])

Food/snack
(8.3% [1.8–22.5])

Other 2.8%
[0.1–14.5]

NA NA

Age 13–19
TDDS Therapies (% [95% CI])

Fentanyl (202) Naloxone
(63.9% [56.8–70.5])

IV fluids
(42.6% [35.7–39.7])

Oxygen
(29.2% [23–36])

Charcoal, single Dose
(10.4% [6.6–15.5])

Other
(7.9% [4.6–12.5])

Methylphenidate (78) IV fluids
(20.5% [12.2-31.2])

Dilute/irrigate/wash
(15.4% [8.2–25.3])

Benzodiazepines
(14.1% [7.3–23.8])

Charcoal, single dose
(10.3% [4.5–19.2])

Other
(10.3% [4.5–19.2])

Nicotine (27) Dilute/irrigate/wash
(22.2% [8.6–42.3])

Other
(14.8% [4.2–33.7])

IV fluids
(11.1% [2.4–29.2])

Food/snack
(11.1% [2.4–29.2])

Benzodiazepine
(7.4% [0.9–24.3])

Lidocaine (27) Dilute/irrigate/wash
(25.9% [9.4–42.5])

IV fluids
(18.5% [3.9–33.2])

Other
(18.5% [3.9–33.2])

Oxygen
(14.8% [14–28.2])

Charcoal, single dose
(11.1% [0–23])
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centers, and thus is subject to reporting bias and unverifiable
information in some cases. In addition, there is the possibility
that the reported cases may have been miscoded by the poison
control center staff resulting in inaccurate documentation of
medical outcomes. It is also possible that poison control cen-
ters were not contacted for TDDS exposures considered
trivial by treating clinicians, or poison control centers may
have only been contacted for severely poisoned patients. In
addition, there is the possibility of incomplete data collection
as individual centers or callers may not have been able to relay
all clinically pertinent information as noted in our results
where the age was unknown in 36 cases, but fortunately that
accounted for < 1% of our total N. Finally, this study is of
reported exposures, but the actual exposure or ingestions of
these agents were not confirmed.

Conclusion

Both adult and pediatric single-substance TDDS exposures
reported to the NPDS decreased over the duration of this study
and typically resulted in no or mild clinical effects. However,
exposures involving ingestion of the fentanyl TDDS resulted
in higher rates of major and moderate medical outcomes and
were associated with multiple deaths.
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