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Abstract
Introduction Kratom is derived from the plant Mitragyna speciosa which is indigenous to Southeast Asia. Active compounds,
mitragynine and 7-hydroxymitragynine, cause mild stimulant and opioid agonist effects. Although reported to have potential
benefits in the treatment of opioid use disorder, efficacy remains uncertain while adverse health effects have been reported. A
compounding concern is the presence of adulterants given that this is an unregulated product.
Case Details A 54-year-old fitness instructor who used an online purchased kratom product regularly for one year developed stimu-
latory effects and suffered a large hemorrhagic stroke with a close temporal relationship to ingestion of a different kratom product from
the one he regularly used. A collaborative investigation by medical toxicologists, a regional poison center, the state public health
laboratory, and public health officials determined that his new kratom product was adulterated with phenylethylamine (PEA).
Discussion We report a case of PEA adulterated kratom purchased and used with resultant adverse effects. PEA is structurally
similar to amphetamine and is known to produce sympathomimetic effects. It is possible the stimulatory effect of PEA resulted in
a marked and transient increase in blood pressure resulting in hemorrhagic stroke.
Conclusion Medical toxicologists should form working relationships with laboratories and public health officials to aid in early
identification of adulterated products that carry risk to the general population.
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Abbreviations
US United States
ICU Intensive care unit
OUD Opioid use disorder
PEA Phenylethylamine

Introduction

Kratom is an unregulated herbal supplement in the United
States (US) prepared from the leaves of the Southeast Asian
plant, Mitragyna speciosa. It has been used for centuries in
Southeast Asia for its stimulant and opioid properties [1].
Kratom is posited as a safe and effective alternative for treat-
ment of opioid use disorder (OUD), a use which has raised
concerns by the US FDA and others [2, 3]. Its use has been
increasing in the US [4]. Efficacy and potential adverse effects
remain largely unknown [5, 6]. We report a case of
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hemorrhagic stroke associated with phenylethylamine (PEA)-
adulterated kratom.

Case Details

A 54-year-old male, with a past medical history of hepatitis C
with curative treatment, alcohol use disorder, and OUD, pre-
sented to the hospital with his partner due to altered mental
status. It was reported that he obtained a kratom product on-
line, BKratom Crazy®,^ and ingested 2–3 teaspoons daily for
about 1 year. The patient worked as a fitness instructor and
used the supplement for purported general health benefits,
denying knowledge of any opioid properties. He purchased
a different product, BVivazen Botanicals Maeng Da
Kratom®,^ and mixed one teaspoon of powder with water
and noticed an unusually bitter taste. Approximately 15 mi-
nutes after his first dose, he complained of headache and
vomited. He went to sleep and awoke after several hours with
incomprehensible speech.

On arrival to the hospital, physical examination revealed
blood pressure 120/70 mmHg, heart rate 70 beats/minute, re-
spiratory rate 18 breaths/minute, temperature 36.8 °C, and
oxygen saturation 98% on room air. He appeared uncomfort-
able and provided nonsensical answers to questions without
other neurological deficits. Electrocardiogram was unremark-
able. Serum chemistry was unremarkable including glucose
124 mg/dL. He had a leukocytosis of 15.0 Th/mm3. Assays
for alcohol, acetaminophen, and salicylates were negative. A
high-sensitivity troponin T was slightly elevated at 91 ng/L
(reference range 0–22 ng/L). Computed tomography of the
head revealed a large right frontal intraparenchymal hemor-
rhage with intraventricular extension into the lateral and fourth
ventricles measuring 40 cm3 with mass effect. The patient was
transferred to an academic medical facility.

On arrival, the patient became increasingly encephalopath-
ic and was intubated. A comprehensive urine drug screening
for 289 pharmaceutical and recreational drugs utilizing immu-
noassay and liquid chromatography-mass spectrometry did
not reveal positive results other thanmedications administered
for his care. This assay does not detect mitragynine or phen-
ylethylamine. Magnetic resonance imaging revealed stable
intraparenchymal hemorrhage with 7-mm midline shift and
subfalcine herniation (Fig. 1). Emergent craniotomy and evac-
uation of intraparenchymal clot with intraventricular drain
placement were completed on hospital day (HD) 2. The serum
concentration of mitragynine measured by liquid
chromatography/tandemmass spectrometry at a reference lab-
oratory was 340 ng/mL on HD 3. The patient was extubated
on HD 8 and discharged neurologically intact on HD 12. Prior
to discharge, the patient underwent buprenorphine induction
with referral to outpatient chemical dependency treatment for

underlying OUD. He remained neurologically intact on
follow-up 2 months after discharge.

In conjunction with the regional poison center, the state
laboratory (Wadsworth Center) and public health officials
were contacted at the time of toxicology consultation to coor-
dinate retrieval and analysis of the samples. Aweeklong field
investigation revealed that the retailer received customer feed-
back that the Vivazen Kratom® product was Bvery strong^
prompting the corporate retailer to voluntarily remove it from
stores.

The family provided samples of Vivazen Kratom® and
Kratom Crazy® products. An unopened sample of Vivazen
Kratom® was also obtained. Solvent extracts of the three
samples were analyzed by liquid chromatography-tandem
high-resolution mass spectrometry (LC-HRMS/MS) using a
Shimadzu HPLC interfaced with a Sciex 6600 TripleTOF tan-
dem mass spectrometer. The full-scan high-resolution data
obtained were used to query databases. This led to the identi-
fication of PEA in Vivizen Kratom®.

An early-eluting HPLC peak that was present in Vivazen
Kratom® but not in KratomCrazy® showed an apparent [M+
H]+ ion at m/z 122.0962, which is in agreement with the the-
oretical m/z of the [M + H]+ ion of PEA, 122.0964. The m/z
value of the major fragment ion, [M + H-NH3]

+, was
105.0700, which is likewise in agreement with that of the
theoretical value of 105.0699. Upon procurement of a PEA
standard (Sigma), the presence of PEA was confirmed by
analysis of accurate mass, isotopic abundance, fragmentation,
and HPLC retention time. A quantitative LC-HRMS/MS
method was developed and utilized to measure PEA in the
products. Vivazen Kratom® used by the patient was contained
16.3% PEA by mass and the unopened Vivazen Kratom®
contained 15.1% PEA. The Vivazen Kratom® label did not
list PEA as an ingredient. PEA was not detected in Kratom
Crazy® (< 0.01%). Consent for publication of this case was
obtained and provided to the journal in accordance with JMT
policy.

Discussion

We report a case of hemorrhagic stroke associated with PEA-
adulterated kratom. Although the stimulatory effects of
kratom are reported, hemorrhagic stroke has not been associ-
ated with kratom use alone [4, 5]. PEA causes rapid and tran-
sient stimulatory effects including hypertension [7, 8] and
intracranial hemorrhage after exposure to PEA or its deriva-
tives are reported [9–12]. PEA remains an unscheduled sub-
stance without restrictions on its inclusion in supplements.
The patient had a measurable mitragynine concentration;
however, the range of toxicity has not been well established,
with deaths having been reported in association with postmor-
tem concentrations of 1060 ng/mL and 2500 ng/mL [13].
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Our case highlights the importance of collaborative rela-
tionships among medical toxicologists, regional poison cen-
ters, public health laboratories, and health department officials
that were critical to this adulterant identification. The regional
poison center played a pivotal role in linking clinical toxicol-
ogists with the state laboratory and public health officials.
Clinical teams often have limited laboratory resources to ob-
tain an extensive analysis of unregulated herbal products and
their potential adulterants. While capabilities may vary, public
health laboratories may assist in these instances.

In this case, emergency physicians consulted medical tox-
icologists who suspected adulteration based on atypical find-
ings of intracranial hemorrhage with kratom use. The regional
poison center was contacted by the consulting toxicologists to
inquire about the existence of other similar cases reported to
the poison center. After a discussion with the poison center,
the state Department of Health (DOH) was contacted due to
concern of a larger public health issue. This resulted in numer-
ous communications with the DOH, treating providers and
poison center and the Wadsworth lab. These communications

prompted further investigation and transfer of the consumed
product and additional samples from store shelves to the state
laboratory for analysis. In addition to the identification of the
adulterant, the poison center created a case-based definition to
identify any calls in real-time, and a notification was sent to
the toxicologists at the poison center. If an anomaly were to
arise based on this surveillance, the poison center would be
able to alert the DOH for further investigation. The state de-
partment of health collected additional samples and evidence
in order to determine if a market withdrawal of a potentially
contaminated product was necessary. During the investiga-
tion, it was identified that the retailer had removed the product
from sale due to other customer complaints. This retailer’s
action obviated the need for an emergency order to be issued
by the department of health to retailers prohibiting the sale and
prompt removal. Such an order was issued for synthetic mar-
ijuana products in response to a 2011–2012 outbreak which
resulted in acute illness and hospitalization of many patients.

The report is not without limitations in that the
Bcomprehensive^ urine drug screening assay available does

Fig. 1 CT angiogram of the head revealed intraparenchymal hemorrhage with intraventricular extension.
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not detect a great many xenobiotics of potential interest. The
adulterant PEAwas only detected in the product sample after
the time of patient care; therefore, biological samples were not
assayed for the adulterant. There is the possibility that the
adulteration is an anomaly; however, three additional indepen-
dently obtained samples were acquired from the manufacturer
and all were found to contain the adulterant.

Conclusion

We report an intracranial hemorrhage temporally associated
with ingestion of a publicly sold kratom product adulterated
with PEA. The case progression highlights the importance of
medical toxicologists working closely with the state laborato-
ry and public health officials to identify commercial products
that may be dangerous to the public. This type of collaboration
may facilitate early identification of contamination and adul-
teration, and allow for a prompt and robust public health
response.
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