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Abstract

Tetrahydrozoline is an alpha agonist imidazole derivative found in over-the-counter decongestive eye and nasal drops.
The drug was patented in 1954 and was available for medical use in 1959. This drug recently gained the attention of law
enforcement as it has been utilized in criminal activity such as homicide and drug-facilitated sexual assault. The aim of this
scoping review is to scope the literature for all mentions of tetrahydrozoline eye/nasal drops use in a non-medical context
to delineate areas of future research and development. We used Google Scholar and PUBMED/Medline databases to search
for non-medicinal and criminal uses of THZ. The search word used was “tetrahydrozoline.” A total of 15 articles matched
our criteria. Among the case reports, two (11.1%) cases reported on drug-facilitated sexual assault, and two (11.1%) cases used
THZ eyedrops to attempt suicide. Incidental ingestion of THZ eyedrops was reported in eight (44.4%) cases, three (16.7%)
cases of attempted murder were reported, two (11.1%) cases of intentional ingestion were reported, and one (5.5%) case
was a combination of drug-facilitated sexual assault and attempted murder. The most common clinical presentation was
unexplained and resistant bradycardia and hypotension. THZ eye drops can be used to produce false negative results on drug
tests. This study recognizes that THZ can be used in non-medicinal and criminal uses. There is room for future research
and development. More studies should be conducted to better understand the mechanism of action, therapeutic window,
and toxicity levels among various age groups at different methods of intake and to find an effective treatment in case of
overdose. Eyedrop and nasal decongestant bottles should be designed with child proofing to prevent incidental ingestion and
should contain warning labels. A fast and alternative test to GC/MS can be developed to ease the diagnosis of THZ toxicity.
Purchases of this medication may need to be monitored.
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Background

Tetrahydrozoline (THZ) is an alpha agonist imidazole deriv-
ative. It is the medicinal ingredient found in several types
of over-the-counter eye drops (for conjunctivitis) and nasal
decongestants. THZ stimulates the alpha 1 receptor caus-
ing local vasoconstriction. Its effects on the alpha 2 recep-
tor (crosses the blood brain barrier) have been reported to
reduce central sympathetic outflow causing unopposed para-
sympathetic activity (bradycardia, hypotension, and CNS
depression) [1-3].
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Several studies have noted that THZ is rapidly absorbed
systemically following topical administration and its effects
vary depending on the method of administration. When THZ
drops is applied as intended (topically on ocular/ nasal tis-
sue), it is virtually harmless. If THZ is given parentally or
enterally, it rapidly distributes within the central nervous
system causing inhibition of the sympathetic vasomotor
centers as well as reduced peripheral vascular tone. Reported
side effects of THZ include dry mouth, miosis, CNS depres-
sion, bradycardia, hypotension, respiratory depression,
hyporeflexia, and hypothermia [2—6].

Studies have demonstrated that THZ serum/ urine val-
ues exceeding the upper limit (13-210 ng/ml in blood or
11-40 ng/ml in urine) is suggestive of non-medicinal use
[7]. In addition, recent headlines have been made regarding
its use as an agent to facilitate murder, rape, and suicide [5,
8, 9]. Tetrahydrozoline drops are easily accessible and do not
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arouse suspicion by pharmacists, police investigators, and
victims. It is odorless, colorless, and tasteless, and a very
minute amount, if ingested, can be fatal.

Unfortunately, there is limited information on THZ phar-
macokinetics and pharmacodynamics when ingested orally.
Rapid diagnostic methods and treatment modalities for its
toxicity are also scarce. The aim of this scoping review is to
scope the literature for all mentions of tetrahydrozoline eye/
nasal drops use in a non-medical context in order to deline-
ate areas of future research and development.

Methods

This scoping review was conducted in accordance with the
Joanna Briggs Institute (JBI) Guidelines for Scoping Reviews.

Search strategy

We used Google Scholar and PUBMED/Medline databases
to search for non-medicinal and criminal uses of THZ from
February 20" 2023. The search word used was “Tetrahydro-
zoline” (THZ). A total of 157 articles were found using the
PUBMED/Medline database and 1870 articles using Google
Scholar, with a total of 2027 articles overall. After care-
ful screening of all the articles, a total of 15 studies were
included in this scoping review (Fig. 1).

Inclusion criteria

All English-only full articles on non-medicinal criminal
uses of tetrahydrozoline (THZ) eye/nasal drops in the form

Fig. 1 Flowchart for the studies
included and excluded
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of adult/ pediatric overdose, attempted suicide or murder,
drug-facilitated sexual assault, as well as using THZ eye
drops to produce false negative urine illicit drug tests were
included in this study.

Exclusion criteria

Non-English articles, gray articles in the form of confer-
ence papers or abstracts, or any article that was not asso-
ciated with non-medicinal or criminal uses of THZ was
excluded. Articles that mentioned the use of other imida-
zole derivatives were excluded from this study. Studies
that mentioned adverse effects of THZ or other similar
substances in the context of “medicinal use purposes”
was not included as our main aim was to identify its “off-
label” or criminal uses.

Outcomes

Depending on the type of study included, certain outcomes
were investigated. If the study was a case report, docu-
mented outcomes included patient demographics (age and
gender), amount of THZ ingested (serum concentration or
the amount in milliliters ingested from a bottle), the clini-
cal features of the patient upon admission to the hospital/
emergency department, the type of non-medicinal/crimi-
nal use it was intended for, and general case details about
how, where, or when the event took place. If a study was
areview or original article, general information about the
study was recorded such as the objective of the study and
the results of the study.

Removal of Duplicates
(n=10 removed)
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Results

A total of 15 studies matched our inclusion criteria. Of the
15 studies included, 12 were case reports (which reported on
a total of 18 cases), two articles were original research, and
one article was a “letter to the editor” [4] but was originally
discussing a case report and therefore included in the case
report section of this study (Fig. 1).

Original research results

From the search engines, there were only two original stud-
ies that matched our inclusion criteria [10, 11]. Both stud-
ies discussed the use of THZ containing eyedrops (specifi-
cally Visine ©) to falsify positive urine drug tests. The exact
sample size for each study was not indicated, neither was
the number of urine samples used to produce their results.
The first study by Mikkelsen and Ash used eight different
additives (suggested by drug users) and poured them into
different types of positive urine drug tests. After analysis,
they found that Visine altered the drug tests for urine sam-
ples containing benzodiazepines and marijuana (THC), but
no change was noticed for sample that contained cocaine,
barbiturates, opiates, and amphetamines [10]. Tests were
confirmed using gas chromatography/mass spectrometry
(GC/MS). The second study used a similar approach but
only tested Visine eyedrops on a variety of urine samples
containing illicit drugs. They found that THC-containing
urine tested false negative after the addition of the eyedrops
and noticed that the THZ-containing eyedrops did have a
drug interference with other samples of urine like those con-
taining oxazepam, benzoylecgonine, and phencyclidine. The
interference with the eyedrops and these urine samples was
affected but not to the point that the THZ eyedrops would
decrease the cut-off value in the sample (the mechanism by
which the sample presented as a false negative for THC),
which is why the samples still came out positive for those
substances [11]. Both studies concluded that THZ contain-
ing eyedrops can be used to falsify the results of some illicit
drug tests. Both studies also pointed out that the eyedrops
were undetectable in the sample, did not change the consist-
ency or pH of the urine, and therefore concluded that it is an
easy unidentifiable method to alter specific illicit drug test,
especially cannabinoids.

Case report results

Of the 18 case reports included in this study, two (11.1%)
cases reported on drug-facilitated sexual assault/rape [9, 12],
two (11.1%) cases used THZ eyedrops to attempt suicide,
accidental ingestion of THZ eyedrops was reported in eight

(44.4%) cases, three (16.7%) cases of attempted murder
were reported, two (11.1%) cases of intentional ingestion
were reported, and one (5.5%) case was a combination of
drug-facilitated sexual assault (DFSA) and attempted murder
(Table 1).

Case demographics

38.8% of cases were female victims (n=7), and the remain-
ing 61.1% were male victims (n=11). 27.7% (n=5) of the
victims were from the adult/elderly age group (the youngest
adult was 32, and the oldest was 76 years old). The remain-
ing 72.2% of cases (n=13) were from the infant till adoles-
cent age group with the youngest being 18 months old and
the oldest being 19 years old.

Signs, symptomatology, and method of administration

The most common presenting symptoms upon admission to
the emergency department was severe bradycardia (n =14,
77.7% of cases), severe refractory hypotension (n=12,
66.6%), and loss of consciousness (n=35, 27.7%). Severe
clinical symptomatology was depicted in the younger age
groups (infant to adolescent) in the form of ataxia, com-
plete CNS depression which required mechanical ventila-
tion, Cheyne-stokes respirations, and first-degree A-V block
[2—4, 13]. Signs and symptoms of toxicity presented at vari-
ous hours after ingestion, with symptoms appearing as early
as three hours after ingestion and remaining up to 38 h after
ingestion [1].

94.4% of cases (n=17) orally ingested THZ containing
eyedrops/nasal decongestive drops whether directly from the
bottle or indirectly through a drink. One case was given THZ
eyedrops in the form of “forced” intravenous injections.

Diagnostic evaluation

Of the 18 case reports, 11 (61.1%) were unable to identify
the initial amount of THZ ingested, and it was only upon
hospital admission were they able to figure out if a cer-
tain number of milliliters was missing from the bottle or
determine values in serum or urine. The remaining seven
(38.9%) cases knew the exact or a very close approxima-
tion to the amount of THZ eyedrops/nasal decongestant
that was ingested.

Two out of 18 (11.1%) cases tested positive for illicit
drugs on routine toxicology laboratory screening, three
(16.6%) of the 18 cases did not present any data on routine
toxicology screening results, one case did not perform rou-
tine toxicology screening since they already knew from the
presenting history that the patient ingested tetrahydrozoline
[14], and the remaining 12 (66.7%) cases had unremark-
able routine toxicology screening. Only 10 cases reported

@ Springer



Forensic Science, Medicine and Pathology

sdoxpako jouIsIA jo apioq
© SUIP[OY P[IYD dY) punoy JouIey oy,
sdoxpaka SouISIA Jo doq
© UO SUIMAYD PUNOJ SEM P[IYO Y],
11 SunsaSur
A[rejuaprode 9[310q ay3 yim pakerd
K1qissod pey priyo 9y Jey) paisa33ns
sem 11 pue ‘Aep jey) swoy je sdoip
-94a Jo a110q 19y )J9[ pey June Ay,
so[noq doipaka
Sururejuod-ZH 1, SurjuLp pajse3ans
K9y} pue ‘opIoms JIWWOD 0} POYIoUT
Ksea pue yornb e uo s1opusireq pue
SPUSLIJ WOIJ 9IAPE PaySe pey Judned
Joquuaur AJTurej JuaIQJIp & I0J
papudul sem yorym sdoip 940 ZHL
M PIjeIo)[npe YIW JUBIP JUBJUI O],
uonouI
joen Asoyendsar zoddn juorno 1oy
10}  Apawa1 y3noo,, B paurejuod
9[10q Y} Jey) pawnsse JuANed
Kyred e je yuup
S, WNOIA oY) ojur parnod sem yorgm
sdoxpako joulsiA jo apoq e pey
Iouyred o[ew Jey) PIOTIOU SSOUIMIKY
pazZIwopos pue
pader uay) sem pue SSoUSNOIOSUOD
1SO[ 9US [HUN [[9M SE INJXTW SIY}
Qoey Joy uo Jurmod uedaq souyred
orew oy, “1oured orew 1oy £qQ ZHL
pue SnIp JIOI[[I JO INIXTW © [PIM
J19s19Y 109[UT 0) PAUAILAIY) SEM PUBR
QUIOY JOY UT PAYOO[ SeM WIOIA Y],
puaLy e £q Y 9y} 0} uaye) sem
juoned oy} Suruiow Jxou Y, 19y
pazrwopos pue ‘pader ‘pajnesse K[e
-NX3S PUSLIJ S[BW Y], *SNOIOSUOIUN
owedeq pue woydwAs paousrradxa
wrjorA 9y, “SUIUSAQ 9y} J0J  ULIp
[e10ads,, ® 19y 9ABS oY QIoyMm 9snoy
S, PUQLIJ O[EW 0} PIAJTAUT SBM WIOTA

uonsa3ul [RJUApIoU]

uonsaguI [RIUSPIOU]

uonsa3ul [eJUdPIoU]

apromns paydwany

Iopinuw paydwony

uonsagur [ejuapIouf

vSdd

Iopimu paydwope pue vSig

vSdd

paisagur
3y/3w (¢’ ‘wnias ur [w/3u 7

9[10q [W G 3y} Jo W ¢/
Aorewrxoxdde ‘wnies ur [wy/3u ¢ 6¢

winies ur [wy3u 41 ¢

(1w og) sdoxp
-0K9 Sururejuod ZHL, Jo s9[noq ¢
(po1sa3ur sem uonnjos ZH.L
Jo qu g1 Aporewrxordde) wnios ur
[w/3u 9¢' [ pue duLIN Ut [w/3u O¢hg

pajsaSur sem [w ¢—¢

[w/3u [ 21om
S[oA9] wnIas s Juaned ay) uon
-soSur 19)je Y /£ ‘umousyun A[reniuy

umouun)

uonsosur
o)k U 7 [w/Su O] Sem uonern

-U9JU0d WIS fumouwun A[enuy

(uone[nuaA [edrueydIW parmbax

yorym) uorssaidop SND pue
‘uonornsuod [idnd ‘ojqesnore JoN

uorsuajodAy pue ‘suonjesdsar
PaseaIdap ‘erpredApeiq ‘A3reyio|

suoneridsor

$9Y03s-oukay)) pue ‘uorsuojodAy

‘erurayyodAy ‘erpredkpelq ‘ssou
-SNOIJSUO0D JO SSO[ ‘ATIeyio]

uorsudjodAy

QIOAQS ‘eIpIROApRIqQ SNUIS ‘SSOUIZ
-ZIp ‘YJealq JO ssoulIoys ‘yinowr A1

3[00[q }1eay 92139p-1s11 pue ‘eIp

-1edoApelq A1030e15a1 ‘uorsusjodAy
9JUS[OUWOS ‘FUNIWOA ‘BIYLIRI]

(4 9¢ parse|

swo)dwAs) BIpIBOAPEIq 9I0AJS pue

‘uorsuojodAy o1jeISOYIIo ‘SSOUIZZIP
‘eIxere ‘4oaads pamors ‘A3reyro|

SSOUSNOIOSUOJ JO SSO[ pue
‘ssoulzzIp ‘uoisudjodAy ‘eipreoiperg

90EJ 9Y) UO UONBSUDS JuTuIng

pue ‘spidnd jurodurd ‘vorsusjodAy

‘ersauwe ainsodxo-jsod pue ‘ssou
-SNOTISUOD JO SSO[ ‘BIPILIAYOR) [RTITUT

eIpIedApelq piu

pue ‘Sunruoa jo soposids spdnnuw

snoauejuods ‘Ssausnorosuod £q

PIMO[[O SSAUSNOIOSUOD JO SSO JO
sporrad Joriq ‘433013 ‘papeayiysry

woc

AT

AT

Aly

wer

ALT

A91

ATE

A6l

110c

110¢

110¢

G661

¥10C

L00T

(41014

4 210¢

4 2I0¢

‘Te 30 KImo]

‘Te 30 A1mo]

‘Te 30 K1mo

SIR[D pue A9

‘Te 12 peng

Yo pue so[ds

Apreg pue [om[ns

Te 30 10[11ds

Te 30 10[[1dg

'S[1R)Op 5B

19SN [RUIWLID [RUIDIPIW-UON

7ZHL Jo unowry

rarmord [eorur)

@P3y D

TBIX

Ioyny

eN9)

K3101X0) ZH L, JO 9sed yoea Suipre3al sjrejo | djqel

pringer

Qs



Forensic Science, Medicine and Pathology

QUI[0ZOIPAYRINR) ZF] ] ‘INESSE [BNX3S PAIRINIOL)-SNI( VS ‘SYIUOW 14 ‘SIBIK [ “O[ewd) ] “O[ewl jy ‘Iopuad

sdoipoAa Sururejuod ZH[, jo

paisadur

Qoud[ouWos pue ‘K3reyId]

9moq e yym Surked uses sem plryd) uonsauI [RJUOPIOU]  Sem d[10q Ay} Jo ¢/ Aerewrxoiddy  Juisearour ‘vorsudjodAy ‘eipreokperg w /] 6861 ‘[e 19 uasuaf 81
UOTIR[TIUA
[eorueyoow Surrmbor uorssardap
9moq sdoipake Sururejuod SND 2a1ssaidoid pue ‘eruaoA[S
7ZHL ® Y Surkerd punoj sem p[iy) uorsa3ul [BIUIPIOU] w7 -0dAy ‘erpreoApelq ‘vorsualodAg Az N 9661 SerqoJ, L1
umouyun
s[Te1op ased 1yl ‘sdoip jueised (qu g1
-UOdJ9p [eseu Jururejuod ZH[, jo xoxdde) sdoip jue)saSuooop [eseu eIuIRy)odAy pue ‘ssausnorosuod
9[N0q © Jrey pa)sagur £oq plo-Iedak-ouQ uonsaZuy [eIuSpIOU] Sururejuod ZH L, Jo 910q © jleH Jo ssof ‘erpeoApelq ‘uoisujodA X1 N CI0T ‘Te 19 nsyed 91
yurp sty ut sdoipaAa Sur
-urejuod ZH.L jo sdoip maj e Surppe )salIe
£q (wnora) juopms e uo yueld e Aerd NVS pue ‘saoueqinsip [ensia ‘ured
0] POPIOAP SIUIPNIS MIJ ‘TOOYDS Iy uonsaSur [euonuIu] umouyu[) JSoyd ‘eIpIeokpeiq ‘ondnej ‘ssoutzziq A9] IN 007 SUAIUSH pue IpnoyIdlsQ ST
(Tw OZ1) somoq uolsuajodAy pue ‘erpres
- oproms paydwony  sdorpakd [ouIsIA Jo sonoq Iysty  -Apeiq ‘uonesuoord 1O WO AV A9L N 120T TewAyy oyl
UONE[IUIA [BOIURYOW paImnbax
omoq dorpaka paurelqo yorym uorssaxdop SND pue ‘ouoy
Juejul Moy SuIpIe3al S[Ie}op umouu) uornsa3ul [BIUpIOU] sdo1paAd Sururejuod ZH L [W O 2[OSnw paonpal ‘AJ1eyid] paseadu] wo9c N 6661 ‘Te 39 sQwoH €1
uostd
ur S180K G 0} PAOUSIUS SeM AJIA
'sdoapaka Sururejuod ZH L, Suisn
pueqgsny Ioy SuI[[Iy 0] PISSAJUOD pue skep ¢ Jo uoneInp e 10§
1o1ySnefsuew 0y A3 papeord oJip Iopmpy  paseSur ZH JO Junowe umouun) umouyun) X $9 N 020T UOQT MOSSND) 41
IoyySnesuet YIIm
PaSIeyd Sem UBW 9Y) pue ‘YIedp IOy
0) pea] A[[emuaad yorym ‘sdorpake paIp A[[enjuaaa juaned ‘sieak ¢
Sururejuod-ZHJ, Ym im sty Sur Jo uonenp e 10j uorsuajodAy pue
-uostod A[reuonuejur sem asnods Y], JOpInN umouyu() eIpreokpeiq paurefdxoun jo sepostdg  Xz€¢ A 020T U09T MOSSND) 11
1S prIyo
Ioy Sunyew A[[eUonuslul Sem pue
owoipuks Axoid £q uasneyouny
Pey 9ys 1By} PI[BIAI JAYIOW Y} JO
uonenyeAr oImorid [esturo swes oy}
yIim [e31dsoy] 9y 0) PONIWPEIT SEM
PITYo oy ‘103Je sKep g1 "sAep ¢ 10)je
paSreyosip pue swoldwAs pauonuaw
oy Y Juswedop KouoSiowrd nidnd jurodurd
Q) 0] PANIWIPE SEM PIYD Y, uonsIZuI [eUOnUAU] umouyu)  ‘uorsudjodAy ‘eipreokpeiq ‘ASreyo] A€ N +10T ‘Te 19 eeser] 01
:S[IeJOp 9SBD)  :9SN [BUIWLIO [BUIDIPIW-UON 7ZHL JO unowry ommoid [eorur) 08y D lIBOX oyny  :9seD)

(ponunuoo) | sjqey

pringer

a's



Forensic Science, Medicine and Pathology

on the serum concentration values of THZ using GC/MS,
with the highest value being 114 ng/ml and the lowest con-
centration being 1.48 ng/ml (mean serum concentration was
49.14 ng/ml for the cases that reported values). From these
10 cases, it was noticed that the THZ concentration values
were obtained at varying hours after hospital admission,
with three hours being the earliest time that THZ presented
in the serum and was noticed up to 24 h post ingestion (the
mean hour of THZ serum detection was 12.2 h).

The only diagnostic method used to analyze the amount
and presence of THZ toxicity was gas chromatography/mass
spectroscopy (GC/MS) [5, 7, 15]. This was used in 100%
of the cases and demonstrated positive results in all cases.
Four (22.2%) of the cases were unable to identify the brand
or name of eyedrops/nasal decongestant ingested, whereas
77.8% (n=14) of cases mentioned that the type of THZ
containing eyedrops ingested was from the brand Visine®
Tetrahydrozoline drops 0.05% (see Fig. 2) [5, 12].

Treatment modalities

Only 11 out of 18 case reports mentioned an approach to
treating THZ toxicity. The remaining case reports did not

Fig.2 Visine eyedrops where
the most commonly used THZ
containing drops in the cases
examined. No clear warn-

ing label exists on the bottle.
Figure depicts a Visine bottle
purchased OTC from Ontario,
Canada
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mention the treatments used in their cases. There were simi-
lar treatment approaches taken by each hospital. Five of the
ten cases used intravenous infusion of normal saline (NaCl
0.9%) to maintain blood pressure (since severe hypotension
was a common presenting sign), three cases used 1-2 mg
of naloxone [16], two cases used atropine (0.02-0.5 mg) [6,
14], and three cases used activated charcoal which was either
administered orally or using a nasogastric tube. Two cases
required mechanical ventilation, and one case was given sup-
plemental oxygen using a nasal canula. All cases underwent
observation for a various number of hours, with the longest
observation time to be 72 h (three whole days) (Table 2).

It is important to note that any conclusion drawn by such
results is simply reflective on the number of studies or cases
that reported on the effect of THZ toxicity. Currently, there
is limited information on tetrahydrozoline including the
volume of distribution upon administration, its metabolism,
the concentration levels at which it produces toxic effects
depending on age group, its interaction with other medi-
cation, possible antidotes for its toxicity or overdose, and
mechanisms of action based on method of administration.
Figure 3 better depicts the chronological order of events that
occur following the oral ingestion of THZ. This timeline is
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Table 2 Treatment approaches of each reported case

Author: Case: Treatment:

Spiller et al. 1 No specific treatment mentioned, observation

Spiller et al. 2 No specific treatment mentioned, observation

Stillwell and Saady 3 No specific treatment mentioned, observation

Stillwell and Saady 4 No specific treatment mentioned, observation

Spiller and Griffith 5 IV infusion of 100 ml/hour of 0.9% NaCl, observation

Al-Abri et al. 6 IV 1 mg of Naloxone (no response to treatment), observation

Jensen et al. 7 10 mg activated charcoal (nasogastric tube)+1V normal saline

Lev and Clark 8 IV Atropine (at 3 different interval and doses — 0.5 mg, 1.0 mg, 3 mg) +2 mg naloxone, 500 ml
bolus of normal saline, observation

Tobias 9 2 mg naloxone, 1 ml/kg of 25% glucose (treat hypoglycemia), + mechanical ventilation, observation

Lowry and Garg 10 IV normal saline, observation

Lowry and Garg 11 Observation

Lowry and Garg 12 Mechanical ventilation, observation

Lasala et al. 13 No specific treatment mentioned, observation

Osterhoudt and Henretig 14 Supplemental oxygen (nasal canula)+ 50 g activated charcoal mixed with sorbitol, observation

Paksu et al. 15 0.1 mg/kg naloxone +0.02 mg/kg atropine, observation

Afify et al. 16 No specific treatment mentioned, observation

based on the information gathered from the included stud-
ies. Gaps or variations for certain events within the timeline
(ex. time of hospital admission) may be attributed to the fact
that THZ toxicity is not recognizable or easily suspected in
emergency cases. Diagnosis is rarely suspected, and most
commonly, upon admission, the clinical picture may be con-
fused for illicit drug overdose. It should be noted that the
nefarious uses of THZ are also rarely expected and reported
on, which makes diagnosing and treating is that much harder
when it comes to something like intentional overdoses. For
these reasons, more studies are needed to fill in the voids on
what is known about THZ.

Discussion
What we know about THZ

A study by Carr et al. successfully identified the baseline
therapeutic serum and urine concentrations of tetrahydro-
zoline in healthy volunteers [7]. Their results revealed that
when used as directed by the manufacturer, tetrahydrozoline
is detectable in serum and urine up to 12 h. They suggested
that a THZ concentration greater than the 95% confidence
interval is most probably inappropriate use (adulterant, acci-
dental, or suicidal), or in other words, if the level of THZ
exceeds the upper limit (13-210 ng/ml in blood or 11-40 ng/
ml in urine) is suggestive of non-medicinal use and warrants
further investigation [7]. According to Tobias et al., the dos-
age necessary to produce a comatose state in child is 2—5 ml
of 0.05% tetrahydrozoline solution, the same concentration

found in Visine® eyedrops (the most used brand in all the
cases mentioned before) [3]. Spiller et al. pointed out that
the lipophilic properties of THZ do not produce systemic
side effects when given topically in the eye, but only when
ingested orally [1, 9].

The results of this study suggest the use of THZ-containing
eye/nasal drops in homicide, suicide, as a date rape drug, and
interference of drug tests. There are several reasons why tet-
rahydrozoline can be used as a DFSA agent. In DFSA, the
main intention is to produce a state of the victim where they
cannot fend off their attacker. The primary drugs therefore
being used include alcohol and benzodiazepines (one of the
drugs that when mixed with THZ produces a false negative
urine drug test) [9—12]. Other factors that are considered are
drugs that cause memory impairment to prevent the victim
from recalling details of the event, to impair judgment, to pro-
duce unconsciousness, and a drug that is not easily detectable
on routine screens. The availability of the drug to the perpe-
trator is another factor. Tetrahydrozoline can be very easily
obtained as it is available in over-the-counter eye drops and
nasal decongestants; it is a colorless, odorless, and tasteless
liquid. Purchase of such a bottle is also unlikely to arouse sus-
picion by either the victim or investigators. This was demon-
strated by Stillwell et al., where the only proof of how THZ
entered the victim’s system was eyewitness of customers at a
bar noticing the male partner pouring Visine® eyedrops into
the victim’s drink, which he later identified as eyedrops he pur-
chased because he had “red eye” [12]. THZ-containing drops
can easily thwart the suspicion of victims or witnesses.

An interesting point that should be noted is its use for
suicidal attempts. In the case reported by Lev et al., the

@ Springer



Forensic Science, Medicine and Pathology

M\
wi N Post Ingestion Chronological Overview of
THZ toxicity Events - Timeline

( , Half-life in a
healthy adult
approximately

6 hours

Most common&_{:,
‘ initial signs of
toxicity: altered
mental status/
0.5-3 hours dizziness/weakness

Jom
(o)

L )4

o |

=

U

NH

N7
e/

Late signs of
toxicity: severe
refractory
hypotension and
bradycardia/ heart
block

24-72 hours

8 |

0.5-4 hours /

Time of emergency

Onset of toxicity —N, room admission

Hospital discharge
post Emergency

Symptoms post

ingestion
Half-life in a ’
healthy child Initial toxicology/ drug
approximately screening did not yield
4.4 hours positive for THZ (only
identified via GC/MS)

post-ingestion

department
admission

l Detected in urine/
blood by GC/MS up to
24 hours post ingestion

Fig. 3 Post ingestion chronological overview of THZ toxicity events—timeline

41-year-old male asked friends at a bar for “an easy way to
commit suicide” and was recommended ingesting Visine THZ
eyedrops. THZ containing drops may be used by bartenders
and prostitutes use on aggressive or rowdy clients [6, 13].
Cases involving the nefarious use of THZ maybe higher than
the actual reported cases as some victims may go unnoticed.

Gaps in medical research

There is still much information to be investigated on THZ
and its non-medicinal and criminal uses. More studies
should be conducted to understand the mechanism of THZ
toxicity (kinetics and dynamics) when ingested orally or
otherwise, as well as studies on the values of toxicity or
overdose, and clinical picture depending on different age
groups. Treatment protocols for THZ and other imidazole
derivatives should be developed. Mechanisms of absorption
depending on mode of administration should be determined
and interactions between THZ and other medications/drugs/
and other chemicals should be studied. More studies should
analyze alternative diagnostic methods and tests that are
rapid and easy to use to help in quick diagnosis and prevent
delay in treatment. More research should be made to see if
there are different medication options that provide the same
therapeutic effects without having such fatal effects when
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given in greater doses (few additional drops of THZ have
proven to be fatal) [5, 14, 15].

Gaps in forensic/legal framework

THZ is not a commonly suspected substance used in crimi-
nal activity, since its characteristics make it go unnoticed.
The few cases mentioned in this study have pinpointed its
non-medicinal criminal potential. More analysis should be
made to determine if there are potential unreported criminal
cases of THZ toxicity. Any case of child ingestion should
be reported, especially in the case of suspected intentional
ingestion, which was demonstrated in the case reported by
Lasala et al., where the mother was intentionally feeding her
child adulterated milk containing THZ eyedrops, which was
associated with the mother having Munchausen by proxy
syndrome [15]. Cases of DFSA should be investigated, as
there may be a possibility that THZ was used (as demon-
strated by three cases), especially since it is not commonly
suspected in criminal activity. Cases of murder or “unex-
pected death” that involves the patient dying from unex-
plained bradycardia and hypotension should be analyzed for
possible toxicity caused by imidazole derivatives like THZ
(ex. post-mortem testing for THZ in serum) [8, 17] espe-
cially if the culprit has medical background. More studies
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should be done on what other illicit drug tests can be falsi-
fied using THZ containing medication, and mechanisms on
how to detect altered toxicology laboratory testing may be
developed. There is room for further development of tests
that look for THZ as current screens do not consider it, as
well as further investigations into ways to detect chronic
poisoning by THZ.

Further recommendations

Future research on the gaps of information mentioned above
will clarify many unknowns about THZ. Purchasing of THZ
containing drops may need to be monitored. Any case of
ingestion associated with non-medicinal levels should be
treated with suspicion. Routine toxicology screening should
include THZ and other imidazole derivatives since it is typi-
cally misdiagnosed or misinterpreted for other illicit drugs
(as demonstrated by its clinical picture). Healthcare providers
should be proactively trained in awareness about THZ toxic-
ity, as well as devise treatment protocols on how to manage
these cases with their associated resistant symptoms. More
tests should be made to easily detect its presence in blood
and urine since some health facilities may not have the test-
ing method for determining THZ values in system (GC/MS).
Lastly, not all cases of child ingestion are accidental; further
investigation may reveal intentional motives.

Conclusion

This scoping review offers information regarding the non-
medicinal criminal or “off-label” uses of THZ drops (eye/
nasal) and has revealed gaps in the research that are still
needed to be filled. From a medical standpoint, toxicity lev-
els and side effects are not fully understood, which can be
seen by the fact that different age groups had different levels
of THZ in their body, each of which presented with different
symptoms. The only commonality between them was severe
refractory bradycardia and hypotension. In almost all cases,
the method of treatment was observation and supportive
care. Testing for THZ levels in blood and urine was only
determined using gas chromatography/mass spectrometry,
which is more commonly used for forensic laboratory inves-
tigations. Improved awareness and training in the healthcare
field is needed to help better understand, diagnose, and treat
THZ toxicity. Monitoring the purchases of THZ drops and
applying warning labels on the bottles is increasingly neces-
sary. THZ is frequently used as a DFSA drug; it should be
considered in investigations and screened for in victims that
report to the hospital. This review has visualized the need
for more novel research and further investigations into cases
of potential THZ intoxication.

Key points

1. Tetrahydrozoline is a decongestant that can be used for
non-medicinal criminal purposes.

2. The most common clinical features of excessive THZ
ingestion include severe hypotension and bradycardia
refractory to therapy.

3. Training healthcare workers, pharmaceuticals, and law
enforcement on THZ toxicity should be done to aid in
the identification and prevention of overdose or inciden-
tal ingestion.

4. Nefarious “off-label” uses of THZ include intentional
poisoning, drug-facilitated sexual assault, murder, and
suicide.
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