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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].

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 20th 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 

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 
a review or original article, general information about the 
study was recorded such as the objective of the study and 
the results of the study.

Fig. 1   Flowchart for the studies 
included and excluded
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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 = 5, 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 
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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 

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 

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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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 

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) + IV 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
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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 

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 

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