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Kratom-Associated Fatalities in Northern Nevada—What
Mitragynine Level Is Fatal?
Jessicia Schmitt, BS,* Kaileigh Bingham, BS,* and Laura D. Knight, MD†
Abstract: Mitragyna speciosa, commonly known as the kratom tree, has
been utilized in Southeast Asia for centuries for its opioid-like effects.
Kratom has been available in the United States for the past decade and
has grown increasingly popular despite a lack of clinical research to deter-
mine its safety. With its widespread use, there have been an increasing
number of fatalities. This study aims to establish a potential lethal range
for mitragynine, the active compound in kratom, by investigating the toxi-
cology reports of 35 deaths in Northern Nevada between 2015 and 2020.
Mitragynine concentrations ranged from 8.7 to 1800 ng/mL (n = 27) in
cases with drug toxicity as the cause of death; in 1 case, the sole intoxicant
was mitragynine with a blood concentration of 950 ng/mL. In cases with
nonmitragynine causes of death, the concentration was 110 to 980 ng/mL
(n = 8). Therewas no statistically significant difference in blood concentra-
tions between cases where mitragynine was not listed as a cause of death
(mean, 315 ± 297.2 ng/mL) and cases in which mitragynine contributed
to death (mean, 269.4 ± 382.5 ng/mL; P < 0.201). A literature review is
also presented.
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T housands of miles away from Reno, Nevada, in Southeast
Asia, grows a tropical tree, Mitragyna speciosa, commonly

referred to as the kratom tree. The leaves of the kratom tree have
been utilized for centuries, both medicinally and recreationally,
for their opioid-like effects at higher doses and stimulant-like ef-
fects at lower doses.1 The active compounds within kratom are
mitragynine and 7-hydroxymitragynine (7-HMG), indole alka-
loids, which act as μ-, κ-, and δ-opioid partial receptor agonists.2

This agonistic capability gives kratom users similar adverse ef-
fects that are experienced with other opioid use. Despite the lack
of clinical research, proponents of kratom use claim the drug is
not associated with the detrimental adverse effects that traditional
opioids have, such as dependence and toxicity. The lack of knowl-
edge regarding kratom's safety and efficacy has partially contrib-
uted to the use of this extract becoming widespread, in addition
to its being largely unregulated.

Kratom contains a variety of alkaloids including mitragynine,
7-HMG, mitragynine pseudoindoxyl, speciogynine, speciociliatine,
and paynantheine.3 The active alkaloid content of kratom consists
of mitragynine (66%) and 7-HMG constituting 2%.4 The most
abundant alkaloid, mitragynine, is metabolized by the enzyme cy-
tochrome P450 3A4 to the more potent μ-opioid agonist, 7-HMG.
Furthermore, in a mechanism not quite understood, the 7-HMG is
then metabolized in the blood to an even more potent μ-agonist,
mitragynine pseudoindoxyl.3 While it is evident mitragynine undergoes
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metabolism to many active metabolites, there is a lack of research
regarding the specific percentages of kratom and its active meta-
bolic derivatives.

Kratom has grown in popularity in this nation because of the
ease of access. Kratom is legal in all but 6 states and can be easily
obtained from the internet and in local convenience stores across
the country.5 According to the Drug Enforcement Administration,
as of April 2020, kratom is not regulated under the Controlled
Substances Act and has not been approved by the US Food and
Drug Administration for medical use.6 The number of phone calls
placed to the US Poison Control Center for kratom exposure in-
creased 10-fold between 2010 and 2015.7 As of 2021, it has been
estimated that 0.8% (2,031,803) of adults in the United States
have used kratom within the last year.8 In the past decade, partic-
ularly in the past 5 years, its usage has only continued to increase,
leaving behind a string of associated fatalities. This study ex-
amines postmortem blood levels of mitragynine in 35 deaths
in Northern Nevada from 2015 to 2020 in which mitragynine
was detected on toxicological analysis. A review of the literature
is also presented.

MATERIALS AND METHODS
A retrospective review of cases with quantitated mitragynine

blood levels, with statistical analysis and comparison to prior
published drug levels, was conducted. Research was done at the
Washoe County Regional Medical Examiner's Office in Reno,
Nevada, from March to May 2020. Washoe County Regional
Medical Examiner's Office's VertiQ case management database
was queried for “mitragynine” to generate a list of cases from
2015 to 2020 (2015 being when mitragynine was first detected in
postmortem samples in the office). Only cases that had a quantitative
value for mitragynine detected in the blood by high-performance liq-
uid chromatography/tandemmass spectrometry were selected; liquid
chromatography/tandem mass spectrometry was performed by the
National Medical Services Laboratories. Based on death certificate
review, the cases were assigned to 2 groups: group 1 consisted of
death certificates in which mitragyninewas listed as part of the cause
of death or as a contributory condition; in group 2, mitragynine was
detected on toxicology testing but not listed as a cause of death or
contributory factor. Data extracted from the 35 case files included
age, cause of death, body mass index (BMI), gender, toxicology re-
sults, and notes from assessments made during autopsy. Data are
expressed asmean ± SD.Mann-WhitneyU test, a nonparametric test,
was used to evaluate for statistical significance between the 2 groups'
values. P < 0.05 was considered significant. The Pearson correlation
coefficient (r) was calculated to assess the strength of a linear
relationship between BMI and mitragynine levels in peripheral
postmortem blood.

RESULTS
A total of 40 cases were identified in which mitragynine had

been detected; however, 5 cases were not included in further anal-
ysis because the result was qualitative only, and no quantitative
valuewas reported. The remaining 35 cases included 27 cases that
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had mitragynine listed as part of the cause of death or as a contrib-
utory condition and 8 cases that had mitragynine detected on tox-
icology testing but not listed as a cause of death or contributory
factor. Thirty of the cases were autopsied; 3 had an external exam-
ination with medical records review, and 1 case had a records re-
view with toxicology testing on antemortem hospital blood due
to length of hospitalization. In all cases in which an autopsy, exter-
nal examination, or records review was performed, cause of death
determination was made by board-certified forensic pathologist
(American Board of Pathology). The single case that did not receive
any examination or review was a sheriff-coroner case that was not
referred to the Washoe County Regional Medical Examiner's
Office; a toxicology specimen was drawn at the scene by a
sheriff-coroner. The cause of death was trauma (gunshot wound)
that was obvious at the scene, and mitragynine's presence was
an incidental finding. All blood samples were postmortem periph-
eral blood except for 4 cases: 2 postmortem central blood samples
and 2 antemortem hospital admission blood samples.

In the 27 cases with drug toxicity as the cause of death,
mitragynine concentrations ranged from 8.7 to 1800 ng/mL; in
the case with mitragynine as the sole intoxicant, the blood con-
centration was 950 ng/mL. Other notable substances detected
on toxicology included opioids in 81.5% (n = 22) of the cases,
benzodiazepines in 33.3% (n = 9), ethanol in 33.3% (n = 9),
amphetamine/methamphetamine in 25.9% (n = 7), and nitrous ox-
ide in 7.4% (n = 2). The only other substance detected in the case
where mitragyninewas determined to be the sole substance causing
death was aripiprazole, an atypical antipsychotic, at 310 ng/mL.
However, it is to be noted that phenibut was found at the scene.
Toxicology testing was not available for the substance at the time,
and thus, it cannot be ruled out as a possible contributor to the
death. The demographics and toxicology results for these cases
are described in Table 1.

In 8 cases with other causes of death, mitragynine concentra-
tions ranged from 110 to 980 ng/mL; demographics and toxicol-
ogy results for these cases are described in Table 2. There was
no statistically significant difference in postmortem blood con-
centrations of mitragynine between cases in which mitragynine
was detected in blood but not listed as a cause of death
(mean, 315 ± 297.2 ng/mL) and cases in which mitragynine
caused or contributed to death (mean, 269.4 ± 382.5 ng/mL,
P < 0.201). There was a moderate positive association between
BMI and postmortem blood mitragynine concentrations in cases
in which mitragynine was listed on the death certificate as part
of the cause of death or contributory condition (r = 0.46; Fig. 1).
One case was omitted from Figure 1 as there was no BMI, height,
or weight provided because it was a delayed drug overdose death
during hospitalization; hospital blood from the time of admission
was the toxicology specimen tested, and no body examination
was completed.
LITERATURE REVIEW
A total of 127 fatalities due to kratom toxicity were found in the

medical literature, within 11 publications.9–19 Of these 127 cases, 10
were fatalities in which kratom was the sole intoxicant, whereas
the other 117 cases were due to combined drug toxicity. For the
cases with fatalities due to combined drug toxicity, the blood
levels of mitragynine ranged from 10 to 4800 ng/mL as seen in
Table 3.9,10,12–14,16–18 Of the 10 fatalities due to mitragynine, only
3 had quantified values reported: 260, 1400,11 and 1900 ng/mL,
respectively, in blood.15 Numerical datawere the only information
provided for the majority of these cases, but the case with the
greatest value recorded, 1900 ng/mL, was also the most descrip-
tive. This case reports the case of a 33-year-old man of athletic
342 www.amjforensicmedicine.com
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build and 21-year history of varied substance abuse. The death in-
vestigation revealed no evidence of an intentional death, but rather
an accidental overdose via kratom.15

The study by Olsen et al19 was omitted from the table be-
cause of the quantity and manner of data it compiled, as it was a
Centers for Disease Control and Prevention–funded project
evaluating opioid overdose deaths from 2016 to 2017 in 27
states. From the 27,338 cases evaluated, kratom was present
in 152 cases. Kratom contributed to COD per a medical exam-
iner or coroner in 91 cases, and other substances listed on the
toxicology report that contributed to COD included the follow-
ing: 56% (n = 51) with fentanyl or analogs, 49.5% (n = 22) with
opioids, 26.4% (n = 24) with benzodiazepines, 16.5% (n = 15)
with cocaine, 25.3% (n = 23) with heroin, and 12.1% (n = 11)
had alcohol detected.19
DISCUSSION
Sipping on tea, smoking the leaves, and swallowing kratom

capsules are a few ways these herbal extracts get into the human
body. Without much guidance and no standardization of product
potency, it can be difficult for users to determine the exact concen-
tration of kratom they are consuming, and does anyone know how
much kratom is too much?

While kratom was detected in all 35 cases included in this
study, only 27 had causes of death found to be related to the sub-
stance. The cases from Table 2, along with their presentations that
lead to the determination of other causes of death, are as follows:
cases 1, 3, and 7 were all obvious traumatic deaths due to gunshot
wounds; kratom was detected incidentally in these cases. Case 2
involved a 20-year-old male subject found in the bed of a pickup
truck where he had been sleeping with a small propane heater run-
ning all night. Autopsy examination revealed cherry red lividity
and blood, and pulmonary edema; toxicology testing revealed a
toxic blood carboxyhemoglobin saturation of 71%. Case 4's his-
tory and autopsy findings, including extreme cardiomegaly
(930 g) and thrombosis of the left anterior descending coronary ar-
tery, were indicative of a cardiac death; the typical findings asso-
ciated with opioid-related deaths, such as pulmonary edema,
cerebral edema, and urinary retention, were absent. Case 5's au-
topsy examination and microbiological cultures of blood and lung
revealed Staphylococcus aureus pneumonia and sepsis. While
several substances including mitragynine were detected in blood,
levels were interpreted as noncontributory, particularly given the
clear anatomic cause of death. Regarding findings associated with
opioid-related deaths, the lungs were mildly heavy (700 and 650 g)
and exuded fluid at autopsy, but also were heavily involved by
pneumonia, which is also consistent with these findings. The
bladder was empty, and there was no cerebral edema. Case 6 in-
volved a mildly obese man trapped face down in a tree well while
skiing for an unknown downtime. Autopsy examination revealed
cerebral and pulmonary edema associated with anoxic brain in-
jury following resuscitation, multiple posterior left-sided rib frac-
tures and thoracic spine transverse process fractures, abrasions
and contusions of the anterior chest, and mild focal coronary ar-
tery atherosclerosis. The cause of death was asphyxia; contribu-
tory conditions were blunt head and torso trauma, hypothermia,
and acute ethanol and mitragynine intoxication. The intoxication
contributed to his death in that it likely made it more difficult to
extricate himself from the tree well; it is unclear whether there
was any direct physiologic contribution. Case 8's autopsy revealed
atherosclerotic and hypertensive cardiovascular disease, with se-
vere (up to 80%) narrowing of the 3major coronary arteries, severe
aortic atherosclerosis, and moderate arteriolonephrosclerosis. The
lungs were hyperinflated with apical blebs and marked anthracotic
© 2021 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 1. Correlation between BMI and mitragynine
concentrations in postmortem blood samples from
mitragynine-related cause of death cases (n = 26 [1 case was
omitted because no BMI, height, or weight was obtained]).

Schmitt et al Am J Forensic Med Pathol • Volume 42, Number 4, December 2021
discoloration consistent with the history of chronic obstructive pul-
monary disease; there was no gross pneumonia or pulmonary
edema. There was no cerebral edema or urinary retention. Toxico-
logic findings, including detection of mitragynine, were not
thought to contribute to this apparent natural death.

The literature review revealed a wide range of mitragynine
concentrations, 10 to 4800 ng/mL,9–18 which is comparable to the
slightly narrower range reported in this study, 8.7 to 1800 ng/mL.
Our case where mitragynine was the sole intoxicant, 950 ng/mL,
was in the middle of the concentrations found in other reported
cases of sole mitragynine toxicity, 260 to 1900 ng/mL.11,15 This
wide range demonstrates why our P value (>0.201) was not statis-
tically significant for the comparison of the 2 study groups
(mitragynine-related fatalities and cases with incidental detection
of mitragynine and an unrelated cause of death). The concentration
at which mitragynine is found to be lethal varies widely because of
the potential effects of agonal metabolism, additional cointoxicants,
variations in individual metabolism, and opioid tolerance.

Agonal metabolism must be considered because of the po-
tential for a long agonal comatose interval after irreversible brain
damage has occurred (due to respiratory depression and cerebral
anoxia) but before cardiac death. This is seen with some opioid-
related deaths and can result in lower levels being detected in post-
mortem blood as the liver continues to function during the agonal
period, potentially metabolizing the parent drug. Several central
nervous system depressants were detected on toxicological analy-
sis of both groups including opioids, benzodiazepines, and etha-
nol. Considering that mitragynine acts similarly to opioids at
higher doses, when combined with other central nervous system
depressants it could contribute to death at varying doses and blood
concentrations due to the combined effects of multiple substances.
Such additive lethal effects have been demonstrated with krypton,
a mixture of mitragynine and O-desmethyltramadol (another μ-
receptor agonist), in 9 accidental overdoses in Sweden.14

The components in kratom are known to act on a variety of
receptors in the body and can enact opioid-like effects as well as
stimulant-like effects at low doses. These mechanisms are not well
known, but it has been shown that mitragynine acts as an agonist
at the α2-adrenoceptors, as well as blocking stimulation of se-
rotonergic 5-HT2A receptors,which could lend to its stimulant-like ef-
fects.4,20 Thus far, there has not been a clinical study on kratom and its
effects, but there are many patient reports of the stimulant-like effects
346 www.amjforensicmedicine.com
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kratom provided at low doses, ranging from increased work pro-
ductivity, sociable behavior, and euphoric effects to withdrawal
symptoms upon cessation of the drug.20,21 Adverse effects, such
as tachycardia, agitation/irritability, and increased blood pressure,
have also been associated with mitragynine use.22–26 It is possible
that, in addition to kratom's lethality related to opioid effects, it
could contribute to other deaths such as cardiovascular ones by
its stimulant effects. The potential sympathomimetic effects of
mitragynine discovered during research for this project generally
were not taken into account in the medical examiners' cause of
death determinations in the cases we report here. More research
is needed to determine whether the physiologic stimulant effects
or possible arrhythmogenic potential of mitragynine may be as
strong as effects seen with other forensically relevant sympatho-
mimetics, such as cocaine and methamphetamine.

Mitragynine is a substance with intermediate lipophilicity,
having a high penetration of the blood-brain barrier, which is
thought to be responsible for some of its psychotropic effects.27

The pharmacokinetics has been poorly studied in humans to date.
The only study analyzing the pharmacokinetics in humans was
conducted on 10 male regular users of kratom, using therapeutic
doses. They reported linear pharmacokinetics that followed an
oral 2-compartment model; the results of the study demonstrated
an apparent volume of distribution (Vd) of 38.04 ± 24.32 L/kg, ter-
minal half-life of 23.24 ± 16.07 hours, and a clearance of
1.40 ± 0.73 L/h.26 Adipose tissue in the body acts as a reservoir
for lipophilic drugs, and thus, the greater the quantity of adipose
tissue, the greater the potential that mitragynine could be stored
or redistributed. It has been shown that obese individuals have al-
tered pharmacokinetics, an increased Vd and elimination half-life,
of other lipophilic drugs that act at opioid receptors, such as fen-
tanyl and sufentanil.28 It has been recommended that the dosage
of another lipophilic drug class, benzodiazepines, be increased
based on total body weight when administered because of the in-
creased Vd and elimination half-life in those who are obese.29

Thus, we hypothesized that individuals with higher BMIs would
have a higher distribution of mitragynine in tissues, potentially
reflected in the concentrations detected on toxicology testing
through postmortem redistribution.

The relationship with BMI is not straightforward, as evidenced
by our Pearson correlation coefficient, r = 0.46. The concentrations
varied widely between BMIs. For example, the case with the highest
concentration, 1800 ng/mL, had a BMI of 54.5 kg/m2, whereas an-
other lethal case with a morbidly obese BMI, 42.9 kg/m2, had a
mitragynine concentration of only 52 ng/mL. In the case in which
mitragynine was the sole intoxicant reported, the concentration was
950 ng/mL at aBMI of 24.2 kg/m2. In another case, the concentration
was comparable at 980 ng/mL, but the BMI was 51.0 kg/m2. While
the concentration in the first case resulted in death, it did not in the
second case, which was ruled as a natural death from atherosclerotic
and cardiovascular disease with an acute coronary artery thrombosis
as a somewhat indisputable cause of death. These 2 cases may dem-
onstrate the varying effects different concentrationsmay have on indi-
viduals with differences in metabolism. It is also worth noting that
because mitragynine is lipophilic, blood concentrations may be par-
ticularly affected by postmortem redistribution in the obese because
of high Vd and adipose reserves. It is apparent that while BMI may
play a role in considerations around the metabolism of mitragynine,
more research is needed to fully understand how individual variations
in pharmacokinetics ultimately alter the effects of mitragynine.

Additionally, there is the potential for tolerance in chronic
users, which may result in overlap in therapeutic and toxic ranges,
similar to other opioids. It also has been noted that mitragynine
is metabolized to more potent alkaloids such as 7-HMG and
pseudoindoxyl.3 Currently, these additional active metabolites
© 2021 Wolters Kluwer Health, Inc. All rights reserved.
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of kratom are not routinely included in toxicology panels in the
medical examiner setting; they should be included so that a
more comprehensive analysis of the true lethal levels of com-
pounds comprising kratom's effects may be conducted.

Based on the number of deaths attributed solely to kratom,
this drug should be evaluated for safety and efficacy and regu-
lated. This opioid extract has not been subject to clinical trials,
and furthermore, marketed kratom products are not controlled or
standardized for extract potency. Furthermore, it is unclear whether
its stimulant effects at low doses could play a contributory role in
the death of individuals with cardiac disease, or potentially be suffi-
cient even to cause cardiac arrhythmia without underlying heart dis-
ease. Until this drug is regulated and standardized, and access to it
controlled, deaths due to its effectswill continue. It remains to be seen
whether any therapeutic application of the compounds comprising
kratom is possible.
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