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Introduction

Ketamine is a phencyclidine derivative primarily used as an
anesthetic and analgesic, playing a key role in the treatment
of acute (perioperative) pain, chronic neuropathic pain, and
therapy-resistant clinical depression.! Although generally
considered safe and effective for medical purposes, ketamine
has rarely been reported to cause hepatotoxicity. However,
due to its dissociative and hallucinogenic effects, recreational
use—especially repeated administration—has led to an in-
creased incidence of hepatotoxicity.

Ketamine functions as a non-competitive antagonist of
the N-methyl-D-aspartate receptor, an ionotropic glutamate
receptor. This mechanism is responsible for its dissociative
anesthetic properties, characterized by analgesia and altered
consciousness while maintaining airway tone and respiratory
drive.! Ketamine is commercially available as a racemic mix-
ture, with the S-enantiomer exhibiting twice the anesthetic po-
tency of the R-enantiomer. Conversely, the R-enantiomer has
three times the antidepressant potency of the S-enantiomer.!

Ketamine can be administered intravenously, intramus-
cularly, subcutaneously, intranasally, orally, and intraperito-
neally. Intravenous administration is commonly used for its
rapid onset, particularly in anesthesia and acute pain man-
agement. Intranasal administration is being explored for its
rapid absorption and potential use in treating depression.
Oral administration, despite its lower bioavailability due to
first-pass metabolism, is under investigation for its potential
benefits in chronic pain and depression.!

Epidemiology of ketamine medical use

Ketamine is used across a wide age range; in adult emer-
gency department settings, patients receiving ketamine have
been reported to range in age from 20 to 97 years. Males are
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more likely to receive ketamine in both pediatric and adult
settings. Ethnoracial representation in ketamine medical use
indicates that the majority of patients receiving ketamine
in hospital-based settings are Caucasian.? In critical care, a
retrospective cohort study found that continuous ketamine
use in mechanically ventilated adults in the United States
increased significantly from 0.07% in 2008 to 1.1% in 2018,
with substantial variability among hospitals.?

Epidemiology of ketamine recreational use

In the United States, there has been a significant increase
in recreational ketamine use, exposures, and seizures. From
2006 to 2019, self-reported past-year non-medical ketamine
use increased, peaking at 0.9% in late 2019. The rate of
exposures reported to poison centers also rose from 1991
through 2019, stabilizing at 1.1 exposures per 1,000,000
population by 2014.2 A study using data from the National
Survey on Drug Use and Health (2015-2019) estimated that
0.13% of U.S. adults used ketamine, with a higher preva-
lence among males and individuals with past-year drug use
or sexual minority status. Users spanned various age groups,
with the highest use among those aged 20-29 years.2 From
2019 to 2021, there was an 81.1% increase in reported keta-
mine exposures, with a significant proportion involving poly-
drug use—raising the risk of severe adverse effects, including
hepatotoxicity and death.3 Globally, ketamine’s popularity as
a recreational drug has grown, particularly in Asia, where it is
commonly used in dance and nightclub settings.*

Ketamine metabolism

Ketamine undergoes extensive metabolism in the liver. The
primary metabolic pathway involves N-demethylation to form
norketamine, catalyzed mainly by cytochrome P450 (CYP)
enzymes. Norketamine is further metabolized through hy-
droxylation of the cyclohexanone ring, forming hydroxynor-
ketamine and dehydronorketamine via CYP2B6 and CYP2A6.
These metabolites, particularly hydroxynorketamine, have
been shown to possess pharmacological activity, including
potential antidepressant effects.!

Data analysis and review

The Roussel Uclaf Causality Assessment Method (RUCAM) is
a published tool used to objectively and quantitatively assess
causality in cases of suspected drug-induced liver injury (DILI)
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and herb-induced liver injury.> Despite the extensive literature
on ketamine-associated DILI, no studies to date have explic-
itly used RUCAM to investigate this relationship and establish
causality. A total of 27 studies have explored ketamine-asso-
ciated DILI, as summarized in Tables 1 and 2.6-31 Cotter et
al. conducted a retrospective case series identifying 14 cases
with 21 hepatobiliary adverse events, including liver enzyme
elevation, biliary dilation with liver cirrhosis, and cholangitis,
associated with repeated or continuous medically supervised
ketamine administration.® These findings suggested a signifi-
cant association between prolonged ketamine use and liver
injury, particularly in the context of chronic pain manage-
ment. Noppers et al. reported three cases of DILI following
repeated ketamine treatment for chronic pain, with elevated
liver enzymes normalizing after cessation of ketamine.” Wong
et al. conducted a cross-sectional survey of chronic ketamine
abusers, finding a 9.8% prevalence of liver injury. All cases
had bile duct injury and significant liver fibrosis (Table 1).1!
Without RUCAM, these studies may not have adequately ex-
cluded other potential causes of liver injury, leading to pos-
sible misattribution. Other factors that could have contributed
to liver injury in these studies include pre-existing liver dis-
eases, comorbidities (such as COVID-19 or conditions requir-
ing ICU admission and sedation), concurrent use of hepato-
toxic drugs, alcohol consumption, and metabolic conditions.
Although no studies reported RUCAM scores, we reviewed
all 17 reported cases and calculated scores for those with
sufficient data using the most updated RUCAM guidelines.
This information is presented in Table 1. Among these cases,
eight had scores > 8, indicating a highly probable causal re-
lationship, while an additional three cases had scores of 5-7,
suggesting a probable relationship. Notably, in some cases
listed in Table 1, other drug and non-drug causes of liver in-
jury were not excluded; these cases are marked with an as-
terisk. Other non-clinical studies addressing ketamine hepa-
totoxicity are listed in Table 2, though RUCAM scores were
not calculated for these as they were non-clinical studies.

Mechanism of ketamine-induced liver injury

Ketamine can cause hepatocellular damage through several
mechanisms, primarily via mitochondrial dysfunction and ap-
optosis. It has been shown to impair mitochondrial function,
particularly by inhibiting mitochondrial complex I activity.
This inhibition reduces ATP production and decreases mito-
chondrial membrane potential, leading to cellular energy def-
icits and hepatocellular injury. Additionally, ketamine induces
apoptosis in hepatocytes through activation of the Bcl-2-as-
sociated X protein-mitochondria-caspase protease pathway.
This process involves the translocation of Bcl-2-associated X
protein to the mitochondria, the release of cytochrome c into
the cytoplasm, and the subsequent activation of caspases-9,
-3, and -6, culminating in DNA fragmentation and cell death.
Ketamine also disrupts the cytoskeleton of hepatocytes by
suppressing calcium mobilization and mitochondrial func-
tion, which impairs hepatic cellular integrity and function
(Fig. 1).° The mechanism of biliary injury remains unclear.
However, one proposed theory suggests that the blockage
of the ketamine-induced N-methyl-D-aspartate receptors in
smooth muscle cells leads to bile accumulation and increased
contraction of the sphincter of Oddi, resulting in functional
obstruction and cholestasis.0

When cells undergo necrosis during DILI, as seen with
ketamine, they lose membrane integrity, causing intracellular
molecules known as damage-associated molecular patterns
to spill into the extracellular environment. These molecules
act as pro-inflammatory signals, activating local immune

cells and initiating a drug-induced inflammatory response.
This response shifts immune cells toward a pro-inflammatory
state, triggering cytokine release, which amplifies and sus-
tains the inflammatory cascade. If unchecked, this process
exacerbates tissue injury, potentially leading to fibrosis and,
eventually, cirrhosis.®

While most cases of ketamine-induced liver injury appear
to be due to direct toxicity, some cases may be idiosyncratic,
as evidenced by variability in patient responses, timing, and
occurrence after repeated use.32 In a case series of patients
with complex regional pain syndrome type 1, one patient ex-
hibited elevated liver enzymes on the first day of their second
ketamine infusion, despite tolerating the initial course with-
out incident.”

Acute hepatotoxicity

Ketamine-induced liver injury can occur in both acute and
chronic settings. However, acute liver damage from keta-
mine use is relatively rare. It typically presents as transient
elevations in liver enzymes—alanine and aspartate ami-
notransferases, alkaline phosphatase, and y-glutamyl trans-
ferase—shortly after administration. This pattern is commonly
observed with short-term, controlled dosing and has consist-
ently been shown to be reversible upon drug discontinua-
tion. For example, Cotter et al. reported transient liver en-
zyme elevations in patients receiving repeated or continuous
ketamine infusions for chronic pain, with resolution following
drug cessation.® Similarly, in a study by Noppers et al., three
patients developed dose-dependent hepatotoxicity, character-
ized by elevated liver enzymes during or shortly after repeat-
ed ketamine infusions for chronic pain management. Symp-
toms included itching, rash, fever, and modestly increased
eosinophils. Liver enzymes returned to normal within two
months after discontinuation of ketamine.” To date, no cases
of chronic hepatitis or liver failure following ketamine cessa-
tion have been reported. All cases reviewed in the literature
either documented the resolution of abnormal liver function or
lacked long-term follow-up. Based on current evidence, acute
ketamine exposure predominantly leads to hepatocellular in-
jury, while chronic use primarily results in biliary injury.

Chronic hepatotoxicity

Chronic ketamine use is more strongly associated with se-
vere liver damage, particularly hepatobiliary injury, including
bile duct dilatation and cholangiopathy. Wong et al. reported
a 9.8% prevalence of liver injury among chronic ketamine
users, characterized by abnormal cholestatic patterns, bile
duct injury, and, in some cases, significant liver fibrosis.!
Cotter et al. identified hepatobiliary adverse events in pa-
tients receiving repeated or continuous medically supervised
ketamine administration. Among the 14 cases reviewed, one
patient developed biliary dilation with liver cirrhosis.® Seto et
al. performed MRCP imaging on individuals with at least six
months of recreational ketamine use and observed diffuse
extrahepatic biliary dilatation, fusiform extrahepatic biliary
dilatation, and intrahepatic ductal changes without extra-
hepatic involvement. This study highlighted that ketamine-
associated cholangiographic anomalies were reversible upon
drug discontinuation, but prolonged exposure could result in
significant liver fibrosis and even decompensated cirrhosis.1?
Wendel-Garcia et al. studied critically ill COVID-19 patients
receiving long-term ketamine infusions and found a dose-
response relationship between ketamine and rising bilirubin
and alkaline phosphatase levels, indicative of cholestatic liver
injury. The minimum ketamine dose associated with hepa-
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Fig. 1. A diagram depicting possible mechanisms of ketamine-induced
hepatotoxicity, typically observed with prolonged recreational use.
Upon exposure to ketamine, there is increased translocation of BAX, a pro-ap-
optotic protein, from the cytoplasm to the mitochondria, facilitating the release
of cytochrome C. In the cytosol, cytochrome C binds to apoptotic protease ac-
tivating factor-1, which activates caspase-9. Activated caspase-9 subsequently
cleaves and activates downstream caspase-3 and caspase-6, leading to apop-
tosis through the formation of ROS and DNA fragmentation. Chronic ketamine
exposure impairs mitochondrial complex I activity, resulting in decreased ATP
production. Reduced ATP levels lead to increased ROS generation, causing dam-
age to proteins, lipids, and DNA, and contributing to the activation of hepatic
stellate cells. This process plays a critical role in hepatocyte injury and the
subsequent development of liver fibrosis. ATP, adenosine triphosphate; BAX,
Bcl-2-associated X protein; ROS, reactive oxygen species.
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totoxicity was 1.4 mg/kg/h, leading the authors to caution
against high-dose ketamine for long-term sedation in criti-
cally ill patients.!2 Additionally, Noppers et al. reported three
cases of chronic recreational ketamine use resulting in ob-
structive jaundice and biliary tract abnormalities, including
abnormal liver enzymes and biliary tract dilatation.” Chronic
exposure results in cumulative damage, affecting both the
liver parenchyma and biliary system, whereas acute expo-
sure is typically limited to transient hepatocellular injury.

Recreational vs. clinical use

As discussed previously, ketamine-induced liver injury has
been documented in both recreational and clinical settings.
Recreational users often consume higher doses and use ket-
amine more frequently, leading to a greater risk of liver inju-
ry with prolonged exposure. Additionally, recreational users
may co-ingest other substances, such as alcohol, which can
exacerbate liver damage. Studies have shown that long-term
use can result in severe liver injury, including fibrosis and
cirrhosis.1%13 In clinical settings, ketamine is administered
in controlled doses with careful monitoring of liver function,
reducing the risk of hepatotoxicity. For example, Cotter et

al. reported liver enzyme elevations in patients receiving re-
peated or continuous ketamine infusions for chronic pain, but
these were managed through regular monitoring and dose
adjustments.® Clinical use typically involves shorter courses
of treatment, limiting cumulative exposure and the poten-
tial for liver injury. Similarly, Noppers et al. reported cases
of liver enzyme elevations during repeated ketamine treat-
ments for chronic pain, with levels returning to normal upon
drug discontinuation.”

Management

The primary treatment for ketamine-induced liver injury is
discontinuation of ketamine use. This aligns with the general
management of DILI, in which the offending agent should
be promptly discontinued.33 No specific pharmacologic treat-
ment is currently recommended. Instead, supportive care
remains the mainstay of management, which includes moni-
toring liver enzymes and liver function tests, as well as ad-
dressing symptoms.

Patients with ketamine abuse or addiction should also re-
ceive psychosocial support. One effective approach is the
Crisis Accommodation Program, which integrates short-term
hospitalization with community-based support. During hos-
pitalization, patients undergo cognitive and psychosocial as-
sessments, motivational interviewing, emotion management
training, and lifestyle redesign interventions.33

Conclusions

Although formal causality assessments of ketamine-induced
hepatotoxicity are limited, several cases evaluated using
RUCAM indicate a probable or highly probable association.
Both medical and recreational ketamine use have increased
dramatically over recent decades. The primary distinction
between acute and chronic ketamine-induced hepatotoxicity
lies in the duration and dose of exposure. Acute toxicity is
rare but, when it occurs, it typically manifests as transient
liver enzyme elevations—including alanine and aspartate
aminotransferases, alkaline phosphatase, and y-glutamyl
transferase. Notably, no cases of acute liver failure due to ket-
amine exposure have been reported in the literature. Treat-
ment includes immediate cessation of the drug and support-
ive care. Chronic toxicity, in contrast, results from prolonged
recreational use, leading to more severe and potentially ir-
reversible liver damage, including fibrosis, cholangiopathy,
and cirrhosis. Patients receiving prolonged medically super-
vised ketamine treatment require close monitoring of liver
enzymes, including AST, ALT, and ALP, as well as symptom
evaluation. Treatment includes immediate discontinuation of
ketamine, along with psychosocial support for those with ad-
diction or dependence on recreational ketamine use.
Because ketamine is not widely recognized as a recrea-
tional drug, it may be overlooked as a cause of elevated liver
enzymes. Therefore, in cases of acute or chronic hepatic
damage where standard diagnostic approaches fail to iden-
tify a cause, ketamine hepatotoxicity should be considered.
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