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Abstract
Introduction Emerging off-label medical uses of ketamine for the treatment of persistent conditions such as depression and 
chronic pain often require repeated administration. Cases reported by other countries suggest that long-term and repeated 
exposure to ketamine may be associated with several risks, including but not limited to hepatobiliary damage.
Objective We aimed (1) to characterize the association between repeated administration of ketamine for off-label medical 
use and hepatobiliary events and (2) to describe recent trends in the use of ketamine across different clinical settings.
Methods We conducted a retrospective case series analysis, utilizing reports identified from the US Food and Drug Admin-
istration Adverse Event Reporting System database as well as the medical literature. We included all cases reported through 
July 2018 describing both repeated exposure to ketamine in a hospital or ambulatory setting and a hepatobiliary adverse event. 
We excluded cases describing ketamine abuse. We identified adverse hepatobiliary events using the Medical Dictionary for 
Regulatory Activities  (MedDRA®) and summarized various case characteristics including: patient demographics, route of 
ketamine administration, dose, time to onset of event, type of event, and pre-existing risk factors for hepatobiliary disease. 
To assess trends in the demand for ketamine, we used IQVIA, National Sales Perspectives™ to provide the nationally esti-
mated number of vials sold for ketamine from the manufacturer to all US channels of distribution from 2013 through 2017.
Results We identified 14 unique cases that met selection criteria with 21 hepatobiliary adverse events including liver enzyme 
elevation in all cases, biliary dilation with liver cirrhosis (n = 1), biliary dilation with cholangitis (n = 1), and perichole-
ductal fibrosis (n = 1). Most cases received ketamine for the treatment of complex regional pain syndrome or chronic pain. 
In cases with a reported time to onset, the majority of events occurred within 4 days. The nationally estimated number of 
ketamine vials sold in the USA from manufacturers to various channels of distribution increased from 1.2 million in 2013 
to 2.1 million in 2017.
Conclusions We report an association between repeated or continuous administration of ketamine and hepatobiliary adverse 
events. Increased awareness among clinicians may mitigate these adverse outcomes, especially in the context of growing 
ketamine sales.
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1 Introduction

Ketamine was originally approved by the US Food and 
Drug Administration (FDA) in 1970. Apart from the FDA-
approved, single-use, facility-based indication of ketamine 
in anesthesia, it has been used off-label1 for several chronic 
outpatient diseases, such as treatment-resistant depression 
1 The term “off-label” in the context of this paper is defined to 
include medically supervised or recommended use for a purpose 
other than the FDA-approved indication. The term “off-label” in 
this context does not include “abuse,” “recreational use,” or related 
terms, which refer to non-medical use in which ketamine is used for 
euphoric effects.
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Key Points 

In this case series, we identified hepatobiliary adverse 
events occurring in association with repeated or continu-
ous therapeutic administration of ketamine, which range 
in severity from asymptomatic elevation in liver enzymes 
to cholangitis and hepatic cirrhosis.

Clinicians should monitor patients for hepatobiliary 
events when prescribing or administering ketamine in 
recurrent doses for non-anesthetic indications.

Medicines and Health Products (ANSM) published a Dear 
Healthcare Professional Communication letter regarding the 
risk of severe liver damage during repeated and/or prolonged 
use of high-dose ketamine [24]. ANSM reported ten cases of 
serious liver damage (cholestatic cholangitis), including four 
cases requiring liver transplantation, since 2014, and rec-
ommended liver function test monitoring [24]. In response, 
the Malaysia’s National Pharmaceutical Regulatory Agency 
issued an advisory to clinicians: “monitor patient’s liver 
function closely if repeated and/or prolonged high doses of 
ketamine is used” [25].

In this analysis, we reviewed spontaneous report data sub-
mitted to the FDA together with cases reported in the pub-
lished medical literature to identify cases that described a 
potential association between repeated or continuous admin-
istration of ketamine and hepatobiliary adverse events in the 
context of medical use. As a secondary objective, we sought 
to describe recent trends in the use of ketamine across dif-
ferent clinical settings within the USA.

2  Methods

2.1  Data Sources

To investigate the association between repeated keta-
mine exposure and hepatobiliary adverse events (AEs), 
we searched the FDA Adverse Event Reporting System 
(FAERS) and published literature for relevant cases through 
30 July, 2018. FAERS, a database containing AE and medi-
cation error reports submitted to the FDA, is designed to 
support the FDA’s post-marketing safety surveillance pro-
gram for drug and therapeutic biologic products. The infor-
matic structure of FAERS adheres to the international safety 
reporting guidance issued by the International Conference 
on Harmonisation (ICH E2B). Adverse events and medica-
tion errors are coded using Medical Dictionary for Regula-
tory Activities  (MedDRA®) terminology [26].

We searched FAERS for reports describing the use of 
ketamine racemate, enantiomer, or metabolites (keta-
mine, esketamine, norketamine, N-ethylnorketamine, and 
deschlorketamine).  MedDRA® terms related to hepatobiliary 
AEs of interest included System Organ Class: Hepatobiliary 
Disorders; High Level Group Terms: Hepatic and Biliary 
Neoplasms Benign; and standardized  MedDRA® queries 
related to biliary, hepatic, liver, gallbladder, and gallstone 
events (Table 1 of the Electronic Supplementary Material 
[ESM]). We searched published literature titles and abstracts 
using PubMed and Embase (Table 2 of the ESM). No lan-
guage restrictions were applied in the search, and duplicates 
were identified through manual review. We screened all titles 
resulting from the search strategy to identify potential cases 
for inclusion, and the subset of titles identified as possibly 

and chronic pain syndromes [1–6]. A recently published 
survey of clinicians showed increasing use of ketamine for 
psychiatric conditions, with a variety of clinical special-
ties assuming responsibility for drug administration [7]. 
Although ketamine is approved for intravenous administra-
tion, off-label routes have included oral, sublingual, trans-
mucosal, intranasal, subcutaneous, and intramuscular for-
mulations [8]. Additionally, off-label use of ketamine spans 
multiple patterns of doses, frequencies, and durations of 
treatment. On 5 March, 2019, the FDA approved  Spravato® 
(esketamine) nasal spray, the s-enantiomer of ketamine for 
use in adults with treatment-resistant depression in conjunc-
tion with an oral antidepressant [9].

There are studies of ketamine administration in depression 
and chronic pain; however, duration and characterization of 
short-term and long-term risks and benefits are not defined 
[4, 6, 10, 11]. Repeat dosing of ketamine may be required to 
sustain a treatment response [12–14]. Clinical experts have 
voiced concern regarding increased clinically serious risks 
associated with repeated exposure to ketamine that include 
hepatobiliary adverse effects [7, 10, 15, 16]. The medical 
literature describes hepatobiliary disease among individu-
als abusing ketamine in large doses and at high frequency. 
Multiple published case series suggest repeated recreational 
ketamine insufflation causes a cholestatic type of liver injury 
with biliary dilatation [17–22]. A precise quantification of 
the dose associated with these outcomes is complicated by 
variations in the insufflation technique and the purity of 
illicit drugs [22]. Further variation in the hepatotoxic risk of 
exposure to ketamine is linked to differences in the route of 
ketamine administration, with intranasal (8–45%) and oral 
bioavailability (17–29%) varying significantly compared with 
intravenous bioavailability (100%) [23]. Additionally, there 
are reports in the literature of hepatobiliary injury associated 
with daily ketamine abuse [17, 19].

In addition, some regulatory authorities have raised safety 
concerns regarding the association between ketamine and 
hepatotoxicity, occurring in the context of medical use. 
In 2017, the French National Agency for the Safety of 
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relevant were used to guide a further review of abstracts and/
or full text if needed to determine eligibility for inclusion 
in the case series. All literature reports included ketamine 
and one or more of the following terms in PubMed (biliary, 
cholestasis, hepatic, hepatobiliary, cholangitis, hepatitis, or 
cholangiopathy) and Embase (hepatobiliary system, biliary 
tract disease, hyperbilirubinemia, cholestasis, obstructive 
jaundice, intrahepatic cholestasis, liver disease, sclerosing 
cholangitis, hepatitis, toxic hepatitis, or bile duct disease). 
Literature articles were further mined to identify additional 
relevant articles.

Among spontaneous case reports, only cases document-
ing hepatobiliary AEs2 in the context of repeated or short-
term continuous therapeutic ketamine administration were 
included. We considered ketamine use to be repeated in 
patients receiving more than one dose over a period extend-
ing beyond 24 h. Cases from observational studies, retro-
spective analyses of hospital patient records [29], and rand-
omized controlled trials were also included if hepatobiliary 
AEs were evaluated or reported in the context of off-label, 
medically supervised ketamine administration. We excluded 
reports indicating abuse, misuse, and overdose with keta-
mine, as well as reports of ketamine use in persons with 
a past medical history of abuse and misuse of ketamine 
or other products, owing to complexities of patients who 
abuse ketamine (i.e., long-term toxicities and disease-pro-
moting effects of drug abuse including heart or lung disease, 
human immunodeficiency virus, viral hepatitis), allowing 
for a clearer drug–event relationship [30]. We also excluded 
reports of ketamine administration for its labeled indications 
(e.g., anesthesia for surgical procedures) and cases evaluated 
as “unassessable” or “unlikely” related to ketamine, accord-
ing to the World Health Organization-Uppsala Monitoring 
Center causality assessment [31].

To assess the association between ketamine exposure and 
hepatobiliary AEs, extracted case information included sex, 
age, country of report, serious regulatory outcomes3, route 
of administration, reason for use, time to onset from keta-
mine exposure4, phenotypic characteristics of hepatobiliary 

AE, dechallenge/rechallenge information, and clinical 
outcome(s) at the time of the report. As ketamine has been 
associated with different short-term, recurrent, and chronic 
forms of hepatobiliary injury, the causality assessments 
depended heavily on the temporal linkages between differ-
ent patterns of ketamine exposure and the development of 
liver and bile duct abnormalities documented by imaging 
and/or biochemical diagnostic testing. When available, the 
measured effects of de-challenge and rechallenge with the 
agent were also evaluated. To accommodate the different 
reported patterns of ketamine exposure with both acute and 
chronic forms of liver toxicity, we used the WHO-UMC sys-
tem for case-level causality assessment [31]. Our evaluation 
also incorporated diagnostic information when available to 
exclude alternative causes of acute liver injury when availa-
ble, including viral hepatitis A, B, C, or E, cytomegalovirus, 
Epstein–Barr virus, pre-existing or autoimmune hepatitis, 
alcohol use, concomitant drugs with a National Institutes of 
Health Liver Tox Likelihood score [32] of A, B, or C, and 
past medical history of biliary disease including gallstones, 
cholecystitis, gallbladder disease, and cholangitis.

To understand trends in ketamine use, we used IQVIA 
National Sales Perspectives™ (NSP) to provide the nation-
ally estimated number of ketamine vials sold from the 
manufacturer to all US channels of distribution5 from 2013 
through 2017. Sales distribution data represent the amount 
of product sold from manufacturers to various settings of 
care and does not reflect what is being administered to 
patients directly. The amount of product purchased by vari-
ous settings of care is a possible surrogate for use, assum-
ing facilities purchase drugs in quantities reflective of actual 
patient use.

3  Results

3.1  Hepatobiliary Events

FAERS and literature searches retrieved 404 reports, and 
1508 articles, respectively, from which 14 unique cases met 
our selection criteria (Fig. 1) [29, 33–38]. The selected cases 
occurred between 1995 and 2018, with eight cases reported 
between 2011 and 2018 (Table 1). Half of the individuals 
were female (n = 7) and half were male (n = 7). Reported 
ages ranged from 33 to 70 years (median 47.5 years). Most 
cases (n = 10) described parenteral ketamine administration. 
Reported reasons for ketamine use included treatment of 

2 When evaluating cases that reported laboratory values, the follow-
ing levels were considered the upper limit of normal (ULN): alanine 
aminotransferase ULN = 40 U/L, aspartate aminotransferase ULN = 
35 U/L, ALP ULN = 115 U/L, total bilirubin ULN = 1.2 mg/dL or 
17.1 μmol/L, gamma-glutamyl transferase ULN = 85 U/L [27, 28].
3 An AE or suspected adverse reaction is considered “serious” if, in 
the view of either the investigator or sponsor, it results in any of the 
following outcomes: death, a life-threatening AE, inpatient hospitali-
zation or prolongation of existing hospitalization, a persistent or sig-
nificant incapacity or substantial disruption of the ability to conduct 
normal life functions, or a congenital anomaly/birth defect (Title 21 
Code of Federal Regulations 314.80).
4 When available, time-to-onset data included time following the start 
of ketamine and the cycle of therapy.

5 Various channels of distribution include retail (i.e., independent 
and chain pharmacies), non-retail (i.e., non-federal hospitals, federal 
facilities, clinics, long-term care), and mail order (i.e., standard and 
specialty mail).
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complex regional pain syndrome (n = 9), postherpetic neu-
ralgia (n = 2), chronic pain (n = 2), and chronic migraines 
(n = 1).

Dosage and route of administration of ketamine were 
variable. Of cases reporting dosing information (n = 13), 
regimens varied with respect to dose (weight-based dosing 
or fixed dose), route (oral and parenteral), rate, duration, and 
frequency (single dosages, weekly dosages, monthly dos-
ages, or given over subsequent days). Some doses increased 
over a period of days or weeks, while other doses were fixed. 
Orally administered dosages ranged from 300 to 900 mg/
day in one patient and from 800 to 1600 mg/day in the other 
patient. Intravenous dosage per hour (n = 9) ranged from 
8 to 50 mg/h with a duration of 6 hours to 20 days. Some 
patients received repeat dosing; however, frequency was not 
always precisely reported.

We identified 14 unique cases6 representing 21 hepato-
biliary AEs7. Based on WHO-UMC criteria, we assessed 12 
cases as “probable” in their causal association with ketamine 

[31] (see Table 3 of the ESM). In cases with a reported 
time to onset, the majority of hepatobiliary events (n = 10) 
occurred within 4 days of ketamine exposure during cycle 
1 (n = 2), cycle 2 (n = 5), cycle 3 (n = 2), and cycle 4 (n 
= 1) of administration (see Table 3 of the ESM). One case 
documented abnormalities 10 years following initial expo-
sure [33]. All cases documented serum liver test elevations, 
including increases in gamma-glutamyl transferase (n = 8), 
alkaline phosphatase [ALP] (n = 8), and bilirubin (n = 5). In 
addition, we identified cases with elevated liver tests further 
complicated by biliary dilation, jaundice, liver cirrhosis, per-
icholeductal fibrosis, cholangitis, and cholangiopathy. Keta-
mine discontinuation was documented in 13 cases because 
of the onset of hepatobiliary events, of which all documented 
a positive dechallenge, and four unique cases later experi-
enced a total of seven positive rechallenges.8 Documented 
risk factors included concomitant use of drugs independently 
associated with liver injury [32] (n = 4) and history of chol-
ecystectomy (n = 2). Four cases provided enough detail to 

FAERS Cases 
(n=5)

Case Series 
(n=14)

Excluded (n=399)

Duplicates (n=147)
Unassessable WHO-UMC causality 
assessment (n=35)
Did not meet the case defini�on 
(n=217)

o Abuse (n=136)
o Anesthesia/single 

dose/single day of 
therapy (n=60)

o Not a hepatobiliary event 
(n=10)

o Time-to-onset preceded 
ketamine use (n=8) 

o Overdose (n=3)

Literature (n=1,508)*

FAERS (n=404)

Literature ar�cles (n = 7)
[29, 33-38]

Contained Literature Cases 
(n=12) 

Excluded 
(n=1,501)**

Literature and
FAERS Cases 

(n=17)

Excluded 
Duplicates (n=3)

Fig. 1  Case selection (inclusions/exclusions). FAERS FDA Adverse 
Event Reporting System, WHO-UMC World Health Organiza-
tion- Uppsala Monitoring Centre. *A total of 252 published articles 
or reports were identified with the first literature search strategy 
described in Methods, and a total of 1256 reports were identified with 
the second literature search strategy. **The majority of articles were 
excluded at the step of screening titles on the basis of not describing 

a clinical case report (e.g., reviews, basic science research, commen-
tary). Other excluded articles did not meet the case definition (e.g., 
lack of the event of interest or described the development of hepato-
biliary dysfunction in the context of ketamine abuse [i.e., not meeting 
the case definition applied for this study]) or were duplicates of cases 
identified from the first literature search or from cases identified from 
a search of the FAERS database

6 Unique case: patient who experienced hepatobiliary AEs on one or 
more occasions.
7 Hepatobiliary AEs: hepatobiliary events including rechallenge 
events.

8 Three cases experienced two positive rechallenges each and one 
case experienced one positive rechallenge for a total of seven positive 
rechallenges.
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exclude possible viral etiologies; however, the remaining 
cases did not. Alcohol consumption was addressed in only 
three cases with two reporting no history, and one reporting 
occasional use. We did not identify cases with an outcome of 
fulminant hepatic necrosis, liver transplant, or death.

3.2  Representative FAERS Case 
of Ketamine‑Associated Hepatobiliary Adverse 
Events

A 46-year-old female patient with chronic pain experienced 
elevated liver enzymes following a ketamine intravenous 
infusion.9 Past medical history included ongoing adrenal 
suppression, seronegative spondyloarthropathy, complex 
pain, anterior uveitis, reduced left ventricular function, type 
2 diabetes mellitus, depression, and atonic bladder. Con-
comitant medications included clotrimazole, duloxetine, 
gabapentin, hypromellose, sulfasalazine,10 clonazepam, 
haloperidol, calcium carbonate, buprenorphine, bisoprolol, 
 atorvastatinj, furosemide, tramadol, paracetamol, hydromor-
phone, omeprazole,  enalaprilj, mirtazapine, insulin aspart, 
ferrous sulfate, metformin hydrochloride, and prednisolone. 
A ketamine intravenous infusion was initiated at a rate of 

Table 1  Descriptive characteristics of cases reporting hepatobiliary 
adverse events with ketamine in FAERS and the published medical 
literature through 30 July, 2018 (N = 14)

Case source
 FAERS-only cases 2
 Literature-only cases 9
 FAERS and literature case  overlapa 3

Year received by FDA (initial) or published
 1995 2
 2004 4
 2011–2012 4
 2014–2018 4

Sex
 Female 7
 Male 7

Age in years
 Mean 53.5
 Median 47.5
 Range 33–70

Country
 Non-USA 12
 USA 2

Ketamine route
 Intravenous infusion 10
 Oral 2
 Not reported 2

Reason for ketamine use
 Complex regional pain syndrome 9
 Postherpetic neuralgia 2
 Chronic migraines 1
 Chronic pain unspecified 1
 Chronic facial pain 1

Adverse event stratified by time to  onsetb

 6 h (cycle 2) 1
 1–4 days 9
 1–2 weeks 3
 1–2 months 1
 10 years 1
 Time to onset not reported 6

Characteristics of hepatobiliary events per  casec

 Elevated ALT 10
 Elevated GGT 8
 Elevated AST 8
 Elevated ALP 8
 Elevated total bilirubin levels 5
 Elevated unspecified liver enzymes 4
 Elevated direct bilirubin levels 2
 Biliary dilation 2
 Jaundice 2
 Liver cirrhosis 1
 Pericholeductal fibrosis 1
 Cholangitis 1

ALP alkaline phosphatase, ALT alanine aminotransferase, AST aspar-
tate aminotransferase, FAERS FDA Adverse Event Reporting System, 
FDA Food and Drug Administration, GGT  gamma-glutamyl trans-
ferase, WHO-UMC World Health Organization-Uppsala Monitoring 
Center
a Three of the FAERS cases were also found in the literature
b There was a total of 21 events among the 14 cases in our case series, 
with one case reporting two events and three cases experiencing three 
events each
c A case may have one or more characteristics of hepatobiliary events

Table 1  (continued)

 Cholangiopathy 1
Dechallenge/rechallenge reports (number of unique cases)
 Rechallenge positive 4
 Dechallenge positive 9
 Not reported 1

WHO-UMC causality category [31]
 Probable/likely 12
 Possible 2

Outcome at time of report
 Recovered/resolved 9
 Recovering/resolving 4
 Not reported 1

9 This case has not been previously reported in the medical literature.
10 Among the list of ongoing concomitant drugs, the report states 
that sulfasalazine, atorvastatin, and enalapril were “held”.
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200 mg/24 hours for 24 h, and then increased to 400 mg/24 
hours for 3 days for chronic pain. On the fourth day of the 
ketamine infusion, the patient experienced transaminitis 
with the following laboratory values: alanine aminotrans-
ferase 2035 U/L (ULN = 40 U/L), aspartate aminotrans-
ferase 2541 U/L (ULN = 35 U/L), ALP 512 U/L (ULN = 
115 U/L), bilirubin 23 umol/L (ULN = 17.1 umol/L), and 
gamma-glutamyl transferase 1122 U/L (ULN = 85 U/L). 
Ketamine was permanently withdrawn, and liver function 
tests returned to normal 6 days after ketamine withdrawal 
(Fig. 2).

3.3  Ketamine Use Trends

IQVIA NSP data provided a national estimate of ketamine 
sold from manufacturers to various channels of distribution. 
Sales of ketamine vials increased from 1.2 million vials in 
2013 to 2.1 million vials in 2017 (Fig. 3). In 2017, 54% of 
these vials were sold to non-federal hospitals, 37% directly 
to clinics, and 9% to other distribution channels (e.g., federal 
facilities, long-term care, mail-order, and chain/independ-
ent pharmacies). Although manufacturer sales of ketamine 
to all channels of distribution increased, the increase was 
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b

a – FAERS case stated that liver func�on test returned to normal and also documented recovery/resolu�on of the following events (recovery levels unspecified): aspartate aminotransferase (AST) 
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Fig. 2  FDA Adverse Event Reporting System (FAERS) case of 
‘transaminitis’ 4 days following a ketamine infusion with recovery 
following discontinuation. IV intravenous. (a) FAERS case stated that 
liver function test returned to normal and also documented  recov-
ery/resolution of the following events (recovery levels unspecified): 
aspartate aminotransferase (AST) increased, alanine aminotransferase 
(ALT) increased, gamma-glutamyl transferase (GGT) increased, 

blood alkaline phosphatase (ALP) increased, and  blood bilirubin 
increased. (b)   Recovery levels were unspecified in the case report 
and therefore the upper limits of normal (ULN) were utilized to gen-
erate Figure 2 (AST ULN = 40 U/L, ALT ULN = 40 U/L, GGT ULN 
= 115 U/L, ALP ULN = 85 U/L, T.bili ULN = 17 umol/L) (c) Infer-
ences were made that blood bilirubin unspecified was total bilirubin 
(T.bili)
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most notable in clinic settings, where the number of vials 
sold more than doubled in the 5 years examined from an 
estimated 332,000 sold in 2013 to 765,500 sold in 2017. 
These sales data describe product distribution but do not 
provide information on the indication of use for these prod-
ucts, thus we could not discern reasons for ketamine use in 
these ambulatory settings. National data on indication of 
use directly linked with the administration of ketamine in 
the clinic or hospital settings were not available for review.

4  Discussion

This analysis of FAERS and literature reports represents 
the largest published case series to date focused on hepato-
biliary AEs arising from repeated or continuous ketamine 
exposure in the context of medical use. Twelve of the 14 
cases that we identified demonstrated a ‘probable’ causal 
association with ketamine, using WHO-UMC system cau-
sality criteria. A causal relationship between ketamine and 
hepatobiliary AEs is inferred in individual cases from the 
clinical signature, temporal association with drug expo-
sure, and diagnostic exclusion of alternative causes. Identi-
fied hepatobiliary AEs ranged from a reversible asympto-
matic elevation in both serum liver aminotransferases and 
ALP to the development of permanent structural changes 
in the liver including cirrhosis or pericholeductal fibrosis. 
These findings highlight important parallels experienced by 
patients receiving ketamine for off-label medical use and 
those individuals abusing ketamine [19, 34, 37–40]. In a 
recent publication, Mallet et al. documented the findings of 
cholangiopathy in five patients with Coronavirus Infectious 
Disease 2019 (COVID-19) exposed to intravenous ketamine 
while mechanically ventilated [41]. The authors noted that 
liver injury was dose dependent and progressive, and total 

ketamine exposure correlated with outcome, including liver-
related death [41]. Ketamine is approved for diagnostic and 
surgical procedures, and for the induction of anesthesia. Our 
data support growing use of this product over the period 
2013–2017, including in ambulatory settings.

Findings in this case series are consistent with results 
from prior studies showing potential hepatobiliary toxicity 
associated with recurrent use of ketamine [7, 17–22, 42]. 
Animal studies performed in mice treated long term with 
ketamine showed fatty degeneration of liver cells, fibro-
sis, and a rise in liver enzymes [43]. Alcohol increased the 
severity of these effects in mice, suggesting the importance 
of other potential risk factors, as identified in our case series. 
The exact mechanism for hepatobiliary injury is unknown 
[44], but hypothesized to be due to a reduction in hepatic 
oxygen delivery, and increased lipid peroxidation with free 
radical formation [45]. As an anesthetic agent, ketamine has 
been shown to cause transient abnormalities in serum liver 
tests [42]. Additionally, there are numerous reports of revers-
ible cholestatic injury occurring in the context of ketamine 
abuse [40]. One case series from the Hong Kong Poison 
Information Centre reviewed emergency department medi-
cal records of 233 individuals abusing ketamine. Of the 178 
with laboratory tests, 16% had abnormal serum liver tests, 
marked by rises of ALP from 100 to 508 U/L (reference 
range 35–98 U/L) and alanine aminotransferase from 52 to 
180 U/L (reference level < 41 U/L) [20].

Hepatobiliary injury associated with ketamine may have 
important implications for long-term esketamine use in 
depression. In March 2019, the FDA approved esketamine 
for treatment-resistant depression in conjunction with an oral 
antidepressant [9]. In the clinical development program of 
1709 patients exposed to esketamine, the FDA observed 
no clinically significant hepatobiliary AEs. Because clini-
cal trials have strict inclusion and exclusion criteria, and 

Fig. 3  Nationally estimated 
number of ketamine vials sold 
by manufacturers, stratified by 
US channels of distribution. 
†Clinics include but are not lim-
ited to dialysis, family planning, 
x-ray, oncology, emergicenters, 
and surgicenters. Veterinary 
clinics not included.††All other 
channels include but are not 
limited to federal facilities, 
long-term care, mail-order, and 
chain/independent pharma-
cies. Source: IQVIA, National 
Sales  PerspectivesTM (NSP). 
Years 2013–2017. Extracted 
July 2018.
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measure efficacy and safety after a limited duration of expo-
sure, AEs may not manifest until there is sufficient use in a 
wider patient population under real-world conditions. The 
FDA will closely monitor available postmarketing data for 
clinically significant hepatobiliary AEs associated with 
esketamine.

We identified hepatobiliary toxicity that ranges in severity 
from mild asymptomatic liver injury to severe symptomatic 
liver disease. All cases reported an increase in one or more 
serum liver tests, whereas the most severe cases reported bil-
iary dilation, jaundice, liver cirrhosis, pericholeductal fibro-
sis, cholangitis, and cholangiopathy. In nine cases providing 
an alanine aminotransferase and ALP level, the pattern of 
liver injury was categorized as cholestatic (n = 3), mixed (n 
= 3), and hepatocellular (n = 3) based on the R value [46]. 
We did not identify any cases of fulminant hepatic necrosis, 
liver transplant, or death. In some cases, we found notable 
evidence of a probable or likely causal association between 
repeated ketamine use and hepatobiliary events such as posi-
tive dechallenge and rechallenge responses to discontinua-
tion and reintroduction of ketamine, respectively.

Sales data represent the amount of product sold from 
manufacturers to various settings of care and do not neces-
sarily reflect what is being administered to patients directly. 
We evaluated sales distribution data to provide a national 
estimate of the number of ketamine vials sold from manufac-
turers into all channels of distribution. Although sales data 
do not provide a direct measure of patient use, the amount 
of product purchased by various settings of care is a reason-
able surrogate for use, if we assume that facilities purchase 
drugs in quantities reflective of actual patient use. Based on 
national sales distribution patterns of ketamine, utilization 
appears to be largely in the hospital setting, likely because of 
the approved indications as an anesthetic agent [1]. However, 
it appears sales of ketamine to clinic settings have doubled in 
the 5 years examined, suggesting changes in utilization pat-
terns. A web-based survey of US physicians showed a mix 
of specialists in a variety of geographic locations providing 
ketamine-based treatment for unapproved indications [7]. 
Although the survey has limited generalizability given the 
small size, it helps provide some insight into the evolving 
uses of ketamine [7]. This survey highlights two phenom-
ena: (1) providers outside the realm of anesthesiology are 
using ketamine and (2) providers outside the realm of psy-
chiatry are providing ketamine to treat a wide spectrum of 
pain syndromes and mental illness. Our findings with sales 
data, and recent drug approval of esketamine nasal spray for 
the treatment of treatment-resistant depression in adults [9], 
underscore a growing need to monitor the risks of repeated 
or long-term exposure to ketamine.

We highlight several limitations in our analysis. With 
FAERS data, as with other spontaneous reporting systems 

used in pharmacovigilance, the ability to make an infer-
ence whether a causal relationship exists between a spe-
cific drug and an AE may be limited because of variable 
report quality and the presence of confounders. In unfil-
tered FAERS reports, there is no a priori certainty that the 
reported events are actually due to the suspect product. In 
addition, the FDA does not require that a causal relation-
ship between a product and event be proven, and reports 
do not always contain enough detail to properly evaluate 
an event. As such, cases ordinarily submitted to FAERS 
merely establish an association between a suspect drug 
or biological agent and the AE(s) described. Further, as 
a denominator is not available in spontaneous reporting 
systems, we cannot estimate the absolute risk of an AE 
occurring, which would be better addressed in prospec-
tive long-term observational studies. Despite these limi-
tations, the phenotype of cholestatic injury with narrow 
and/or dilated bile duct segments seen in a portion of the 
cases in this series has been previously causally associ-
ated with repeated misuse and abuse of insufflated and 
parenteral formulations of ketamine [17, 18, 40]. Moreo-
ver, the recurrence of serum biochemical abnormalities 
after re-challenge with ketamine and rapid reversal of 
these changes upon discontinuation of this agent in some 
of the case reports is a strong indicator of its probable 
causal association with the reported AE.

5  Conclusions

We report an association between ketamine and a range of 
hepatobiliary events in the context of medically supervised, 
off-label, repeated, or continuous use. Ketamine product labe-
ling was updated in August 2020 to convey the potential risk 
of hepatobiliary dysfunction with recurrent use [1]. Still, many 
uncertainties remain regarding the safety and effectiveness of 
off-label, medically supervised, repeated ketamine use. Pro-
spective cohort trials and epidemiologic studies could clarify 
remaining questions, such as at-risk populations, cumulative 
dose risks, risks specific to certain routes of administration, 
and strategies to monitor and mitigate AEs.

This case series is based on contributions from the medi-
cal community. Voluntary reporting of AEs associated with 
drug products, by healthcare professionals and patients, is an 
important activity to support the safe use of FDA-approved 
drug therapies. We encourage continued reporting of drug-
related AEs through MedWatch: the FDA Safety Information 
and Adverse Event Reporting Program (http:// www. fda. gov/ 
Safety/ MedWa tch/ defau lt. htm).

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s40264- 021- 01120-9.
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