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ABSTRACT

About 275 million people worldwide aged between 15 and 64 years used drugs at least once since 2016.
Initial estimations suggest that 13.8 million young people between 15 and 16 years used cannabis every year.
Recreational drug use contributes significantly to mortality as well as physical and mental health problems.
A number of urological complications can arise from the use of common and emerging recreational drugs
which can present as wide spectrum affecting lower and upper urinary tracts, kidneys, sexual organs as
well as sexual dysfunction. In order to effectively manage these issues, urologists need to be cognizant of
these complications in their patients, particularly among youths. This review attempted to consolidate avail-
able data and provide insight into this issue; however, further population-based epidemiological studies are

needed to provide necessary guidelines.
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Introduction

[llicit or recreational drug use is a worldwide
problem affecting large populations but is com-
monest among young adults. According to the
World Health Organization, 450 000 people
died last year due to drug use.' Of these, 167
750 were associated with drug overdoses.
Opioids continue to cause the most harm and
are associated with 76% of illicit drug-associ-
ated deaths. The number of users of cannabis
in 2016 was 192 million worldwide, 34 mil-
lion for opioids, 34 million for amphetamines,
21 million for ecstasy, and 18 million for
cocaine.? For the past several decades, numer-
ous medical complications have been associ-
ated with drug abuse. Cocaine has been well
known to cause dilated cardiomyopathy, while
long-term users of heroin are at greater risk of
developing infective endocarditis and cerebral
abscesses.>* Ulcerative cystitis is a known com-
plication associated with the use of ketamine?;
however, there is emerging evidence of other
drugs causing urological effects such as neph-
rotoxicity, erectile dysfunction (ED), infertility,
and obstructive uropathy. Cannabis is found
to have some association with bladder and

prostate cancer and nonseminomatous germ
cell tumors. Heroin and cocaine injections have
some association with Fournier’s gangrene.
Radiolucent stone formation is associated with
cough medicines use. The aim of our review
is to have a look into the urological manifes-
tations of the common illicit drugs and their
pathophysiology with the clinical presentation.

Methods

This is a non-systematic critical review of the
literature mainly focusing on the use of recre-
ational drugs in urology. Healthcare Databases
Advanced Search Export software was used
for searching Medline and EMBASE, and
also other databases were searched (incep-
tion to March 2021). The search was done
using MeSH terms: “Cocaine,” “Cannabis,”
“Amphetamine,” ‘“Methamphetamine,” “3,4-
methylenedioxyN-methylamphetamine,”
“NMDA,” “Lysergic Acid Diethylamide,”
“Heroin,” “Urological Disease,” “Urologic
manifestations,” “Cystitis,” “Neoplasms,” and
“Urinary system.” Only articles in English
were used. Survey, question, read, recite, and
review technique was used for article inclusion.
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Results

Ketamine

Background: In 1970, ketamine was introduced for the first
time as a rapid-acting intravenous anesthetic.® Ketamine is lipid-
soluble and is rapidly absorbed in the human body through par-
enteral, nasal, and oral administration routes.” It freely crosses
the blood-brain barrier. It produces anesthetic effects by acting
as a noncompetitive antagonist of the N-methyl-D-aspartate
receptors in the central nervous system.”®

Clinical Use: Ketamine is an attractive anesthetic often used
in pediatric, obstetric, and hemodynamically unstable patients.
Ketamine maintains cardiac output, blood pressure, and heart
rate via central sympathetic activation without depressing respi-
ratory function or gut motility.” It is also being used to treat many
other health issues like depressive disorders, suicidal ideation,
substance use disorders, anxiety disorders, chronic pain, refrac-
tory status epilepticus, and bronchial asthma exacerbations.’

Abuse: Ketamine is known by many “street names,” namely K,
jet, super acid, cat Valium, green, and Special K. The two
most common administration routes include intranasal (pow-
der snorting and smoking) and oral (tablet and liquid in
drinks).!® Ketamine abuse is related to so-called dissociative
anesthesia. It is characterized by catatonia, catalepsy, and amne-
sia. In this state, patients become entirely disconnected from
their environment. In addition, being short-acting and cheap, it
has become a widely used illegal recreational drug among the
young population.'' In recent studies, it is estimated that 2.3 mil-
lion young adults used ketamine in the United States in their
lifetime.'? In Australia, 40% of party drug users reported the use
of ketamine, and in 2014, in Hong Kong, more than 2000 cases
of ketamine abuse were reported.'” Psychological dependence is
observed in 79% of abusers after 1 year of regular consumption
and withdrawal symptoms after abstinence.'

Urological Implications: The pathological basis of ketamine-
induced urological complications include inflammation, fibro-
sis, hypersensitivity, microvascular damage, and also direct
toxicity. Although the exact mechanism of ketamine-induced
urological damage is unclear, however, there is some evidence

 Illicit drug abuse can have an adverse impact on the urological
system.

* Urological complications can present with unknown and unex-
pected clinical manifestations.

e Urologists must be aware of atypical presentations of genito-
urinary complications associated with illicit drug abuse.

indicating that ketamine produces metabolites in the urine
which induce chemical irritation of the urothelium leading to an
inflammatory response in the urothelial tract.!* Ketamine causes
severe irritation which leads to the transmural inflammation of
urothelium, loss of muscle thickness, detrusor muscle fibrosis,
and subsequently poor urinary bladder compliance. Research
has revealed that ketamine users have raised systemic and local
inflammatory markers.' N-methyl-p-aspartate antagonist prop-
erties of ketamine may also be affected via a central pathway.'

1. Ketamine and Lower Urinary Tract: Lower urinary tract
symptoms (LUTS) are seen in 50% of ketamine abusers.!’
Typical presentation includes young patients with mainly
storage lower urinary tract symptoms with a background
of a history of long-term ketamine abuse. Most common
symptoms include increased frequency, urgency, nocturia,
small volume voids, and dysuria.'

The LUTS developing in ketamine abusers are attributed
to pathological changes taking place in the bladder, com-
monly referred to as “ketamine cystitis” (KC). Wu et al'
proposed 3 clinical stages based on a patient's history of ket-
amine abuse, laboratory test results, and imaging findings.

Stage I: Inflammatory stimulation stage (ketamine abuse
which lasts less than 2 years; weekly dose of less than 0.5 g,
with previous normal renal and liver functions and no blad-
der and upper tract change).

Stage II: Initial bladder fibrosis stage (2-4 years of abuse
with dose less than 4 g/week, increased gamma-glutamyl
transferase (GGT), with bladder wall thickening and
decreased bladder capacity).

Stage III: End stage of bladder fibrosis, contracture stage.
The evaluation of these patients is variable but usually fol-
lows thorough history-taking, clinical examination, and
relevant laboratory or other investigations like ultrasound,
computed tomography (CT) scan, urodynamics, cystos-
copy, etc. In some studies, scoring systems have been used
for assessment as well, including International Prostate
Symptom Score (IPSS), Interstitial Cystitis Symptom Index
(ICSI), and Interstitial Cystitis Problem Index (ICPI).* For
KC, abnormal scores include IPSS of more than 8 and the
sum of ICSI+ICPI being more than 12 points.

Bladder imaging often reveals thickening of the bladder
wall, reduced bladder capacity, and thickening of the ure-
teric wall/hydronephrosis in 51% of cases.?! Cystoscopic
findings include a small capacity bladder with erythematous
lesions somewhat similar to carcinoma in situ.?

The treatment part includes a “4-tier” approach as
follows:*

1. Ketamine cessation.
2. Pharmacological treatment included using nonsteroidal
anti-inflammatory drugs (diclofenac and etoricoxib)
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and anticholinergic agents (solifenacin). In case of par-
tial response, it is followed by opioids (tramadol).

3. Patients not responding to pharmacological treatment
are treated like managing interstitial cystitis, using blad-
der instillation with protective/re-epithelizing agents
like sodium hyaluronate and botulinum toxin intravesi-
cal injection.

4. Augmentation cystoplasty or cystectomy with urinary
diversion may be necessary in severe cases.

2. Ketamine and Upper Urinary Tract: Unilateral or bilat-
eral hydronephrosis, often associated with hydroureters,
has been found in around 51% of patients having ketamine
abuse.?! These changes are primarily the result of small
bladder capacity in KC as well as the presence of ureteral
strictures.”* Ketamine-induced bilateral ureteric strictures
are often referred to as “walking-stick ureters.”” Ketamine
abstinence for more than 1 year has been associated with the
resolution of ketamine-induced hydronephrosis.?*

3. Ketamine and Urinary Tract Infections: Thirty percent of
patients having KC do suffer from urinary tract infections
(UTD). It has been found to be related to the status of upper
urinary tract involvement, duration of ketamine use, and
severity of LUTS.? In a study, ketamine-associated UTIs
were found to be caused by Escherichia coli in 50% of the

patients and Enterococcus faecalis accounted for more than
20%.%

Opioids and Heroin

Background: Opioids are derived from opium. The poppy plant
(Papaver somniferum) is the source of opium. When the petals
of the poppy flower wilt completely, its seeds are exposed. The
poppy seeds are slit vertically, and opium is extracted and dried.
Opioids include naturally present alkaloid morphine or chemi-
cally produced derivatives like codeine and heroin. Opioids can
bind to mu (p), delta (3), and kappa (k) receptors, which are
associated with 3 major classes of endogenous opioid peptides
(endorphins, enkephalins, and dynorphins).?’

Clinical Use: Endogenous opioids play a regulatory role in sev-
eral physiological processes including motor, immunological,
gastrointestinal, cardiovascular, neuroendocrine, cognitive, as
well as nociceptive functions. Opioid analgesics are used in the
treatment of pain associated with musculoskeletal and rheuma-
tological conditions as they have long-lasting effects in reducing
pain and are cost-effective.?

Abuse: Heroin, or morphine diacetate, is a morphine deriva-
tive used recreationally. It is most commonly sold as a brown
powder that is smoked, snorted, or injected. In the body, it is
metabolized into morphine, producing its well-known euphoric
and anxiolytic effects. Heroin can rapidly cross the blood—brain
barrier once injected and patients usually present with pin-point

pupils, depressed mental state, and decreased respiratory
rate.” Similarly, methadone and buprenorphine are synthetic or
partially synthetic derivatives used in the detoxification process
of opioid-dependent patients. They are both used recreationally
and consumed in a similar fashion to heroin.

Urological Implications: The urological implications of opi-
oid abuse include effects on testosterone production and on
spermatogenesis.

1. Opioids and Testosterone Production: Opioids (endog-

enous as well as exogenous opioids) cause inhibition of
hypothalamic gonadotropin-releasing hormone (GnRH)
secretion, resulting in disruption of its normal pulsatility and
decreased levels of luteinizing hormone. As a consequence,
testosterone levels decrease, leading to hypogonadotropic
hypogonadism.?’
Multiple aspects of sexual dysfunction may consequently
arise like decreased libido, ED, and reduced sperm motil-
ity.”” These symptoms appear to be dose-dependent as
higher rates of ED were observed in methadone users due
to the higher potency of methadone and its slower rate of
renal excretion.”3° Additionally, premature ejaculation has
also been noted in opioid abusers, likely as the result of the
a-adrenergic blocking effects of opiates.’® A study from
Taiwan showed a 5-fold higher risk of ED among the heroin-
addicted group in comparison to the control group.*> A study
from Turkey showed that 59.3% of the patients who are opi-
oids users have severe ED and 25.9% have moderate ED
according to the International Index of Erectile Function.®

2. Opioids and Spermatogenesis: Several animal as well
as human studies have pointed out that spermatogenesis
is affected by opioid use. In a study performed on rats,
chronic tramadol use resulted in degenerative changes in
the seminiferous tubules, in Sertoli cells, and in Leydig
cells.** Another study in rats treated chronically with trama-
dol found increased caspase-3 and decreased anti-apoptotic
protein Bcl-2 expression.®® In humans, oligozoospermia has
been found in men addicted to opium in comparison to con-
trols.’® Furthermore, addicted men had decreased antioxi-
dant activity and a higher DNA fragmentation index.*

3. Opioids and Bladder Cancer: Numerous case—control
studies have linked opioid abuse to an increased risk of blad-
der cancer.’* There is a 6-fold increased risk of bladder
cancer in heroin users according to a hospital-based case—
control studies.®® This was attributed to highly mutagenic
morphine pyrolysates that may induce sister-chromatid
exchanges in cells, directly increasing the risk of develop-
ing cancer.”’ Patients presenting with bladder cancer linked
to opioid abuse should present no different from other cases
of bladder cancer and should be managed in the same way
as non-opioid-induced bladder cancer.
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4. Opioids and Other Urological Issues: Heroin injection has
been associated with cases of acute glans ischemia, penile
ulcers, and Fournier’s gangrene. Though the hormonal con-
sequences of heroin abuse subside on opioid-use cessation,
opioid-dependent patients are often started on a detoxifica-
tion program consisting of methadone or buprenorphine to
wean their opioid use and manage withdrawal symptoms.**
Sexual dysfunction symptoms thus continue to persist due
to prolonged, tapering use of opioids. The use of exogenous
testosterone has been shown to counter these effects of
opioid-induced hypogonadism. Recent studies have dem-
onstrated that synthetic testosterone induces negative feed-
back on the hypothalamic—pituitary—gonadal axis, which
inhibits GnRH and subsequently inhibits spermatogenesis.*
Lower rates of sexual dysfunction have been observed in
buprenorphine users, possibly due to its reduced effect on
testosterone suppression. Patients on methadone mainte-
nance therapy with ED may therefore benefit from a trial of
buprenorphine.*

Cocaine
Background: Cocaine is extracted from the leaves of the coca
plant. It is a sympathomimetic substance.

Clinical Use: Its clinical manifestations occur due to
a-adrenergic stimulation effects (vasoconstrictive effect) and
sympathomimetic effects (due to presynaptic reuptake inhibi-
tion of dopamine, norepinephrine, and serotonin).*’ Before the
advent of synthetic derivatives such as lidocaine, cocaine was
used medically as a local anesthetic.

Abuse: Cocaine is a stimulant and is recreationally sold as a
powder that is snorted, smoked, or injected. In patients with
cocaine dependence, the signs and symptoms include anxiety,
depression, agitation, paranoia, and weakness.*

Urological Implications: Cocaine affects the urinary and repro-
ductive system in a variety of ways through both local and sys-
temic mechanisms.

1. Cocaine-Induced Renal Infarction: Research has shown
that cocaine use can cause renal damage; however, renal
infarction is a less common entity secondary to cocaine use.
Multiple factors are implicated in cocaine-induced renal
infarction (CIRI)-like changes in hemodynamics, changes
in glomerular matrix synthesis, degradation, and oxida-
tive stress.*! However, the exact cause of CIRI is still being
elucidated, although some studies have established that it
is usually a vascular event secondary to enhanced platelet
aggregation, increased thromboxane synthesis, and other
vasoconstrictive factors.*? Cocaine-induced renal infarc-
tion clinically manifests as abdominal/flank pain with onset

usually within 2-3 hours after cocaine use. It is often associ-
ated with nausea or vomiting and may be associated with
elevated temperature.*® There is a lack of consensus in rela-
tion to the management of CIRI. Treatment options differ
widely and patients are managed either conservatively, med-
ically with anticoagulation and aspirin therapy or surgically
(nephrectomy).*

2. Cocaine and Priapism: Cocaine-induced priapism has been
associated with intranasal, intraurethral, intracavernosal, and
topical use. Cocaine abuse depletes noradrenaline from sym-
pathetic nerve terminals, thereby diminishing the vasocon-
striction necessary to remove blood from erectile tissues.*
Intracavernosal injection leads to greater production of nitric
oxide in the corpus cavernosum, which results in continued
erection secondary to continuous Cyclic guanosine mono-
phosphate (cGMP) production.*

3. Cocaine and Fournier’s Gangrene: Fournier’s gangrene
and ischemic necrosis of the penile shaft and scrotum sec-
ondary to cocaine injection and topical drug use have been
reported in literature. They have been attributed to the potent
a-adrenergic vasoconstrictive effects of the drug.*

Amphetamines
Background: Amphetamine and its derivatives, methamphet-
amines and 3,4-methylenedioxy-N-methylamphetamine, are a
group of drugs that act on the dopaminergic and serotoninergic
systems in the central nervous system, and they are commonly
called ecstasy.*

Clinical Use: Amphetamines are central nervous system stimu-
lants. They are used in the treatment of narcolepsy, obesity, and
attention-deficit hyperactivity disorder.?’

Abuse: 3,4-Methylenedioxy-N-methylamphetamine is mostly
used for recreational purposes. Sold as a white tablet or powder, the
drug is usually swallowed or in its powder form smoked or snorted.
Ecstasy is used to elicit euphoria, heighten arousal, increase energy,
and suppress appetite; following these “highs,” users often experi-
ence a period of lethargy known as “‘coming down.”

Urological Implications

1. Amphetamines and Renal Cell Carcinoma:
Amphetamines used as diet pills have been implicated in
the development of renal cell carcinoma (RCC). In a study,
it has been found to increase the risk of RCC by 2-fold.*®
There is no explanation for this adverse effect.

2. Amphetamines and Rhabdomyolysis: Amphetamines
are often taken at clubs and “raves” to increase energy to
dance for prolonged periods of time. The following severe
strenuous exercise, dehydration, and hyperpyrexia may
result in skeletal muscle breakdown and myoglobinuria.*
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Accumulation of myoglobin in the tubules may subse-
quently result in acute kidney injury.

3. Amphetamines and Urinary Retention: Amphetamines
are potent a-adrenergic agonists, and as such, amphetamine-
induced stimulation can result in contraction, causing blad-
der neck closure and dysfunction. Many case reports have
reported on this association.”

4.  Amphetamines and Sexual Dysfunction: Male infertility has
been associated with amphetamines use. It is understood that
drug use influences GnRH secretion, reducing the levels of
plasma testosterone in a dose-dependent manner; additionally,
sperm DNA damage and tubular degeneration were observed
while sperm motility and morphology were unaffected.”!
Koro, or genital retraction syndrome, is an unusual delu-
sional disorder associated with increased amphetamine use.
Patients present with acute anxiety attacks due to the per-
ceived notion that their penis is shrinking or disappearing.>?

5. Amphetamines and Sexually Transmitted Diseases:
Sexually transmitted infections are more common among
regular amphetamine users due to an increase in high-risk
sexual behavior. Known users should therefore be screened
when presenting with common LUTS.

Cannabis

Background: The Cannabis sativa plant is the source of can-
nabis. The biologically active ingredient of cannabis is can-
nabinoid (tetrahydrocannabinol (THC)). Cannabinoids bind to
specific cannabinoid receptors (1 and 2) in the body to produce
different clinical manifestations.

Clinical Use: Both cannabis and cannabinoids have been used
for several medical problems. They have been found useful in
the symptomatic treatment of nausea, vomiting, pain, insomnia,
anxiety, stress (post-traumatic stress disorder), seizure disorders,
as well as Tourette's syndrome.™

Abuse: The dried leaves and flowering tops of Cannabis sativa
plants are referred to as marijuana. Marijuana is either smoked or
ingested. Stimulation of cannabinoid receptors in the brain pro-
duces euphoric or high effects along with an increase in appetite
and impaired motor skills and may heighten feelings of anxiety.>*

Urological Implications

1. Cannabis and Urological Cancers: Cannabis use and
bladder cancer have strong associations with an odds ratio
of 3.4.% Similarly, marijuana users had an increased risk of
prostate cancer (relative risk 3.1; 95% CI: 1.0-9.5).°¢ Also,
nonseminomatous germ cell tumors have been found to
be strongly associated with cannabis use.”” This has been
attributed to THC-induced disruption of the hypothalamic—
pituitary—testicular axis.

2. Cannabis and Infertility: Oligospermia has been found in
more than one-third of chronic cannabis smokers, leading to
infertility in these patients.®® It is again attributed to disrup-
tion of the hypothalamic—pituitary—testicular axis.

Lysergic Acid Diethylamide
Background: Lysergic acid diethylamide (LSD) is derived from
the ergot fungus. It is a hallucinogenic drug.

Clinical Use: It was previously used in the 1950s and 1960s in
psychiatric research, which was subsequently halted following
its widespread unrestricted use and reports of adverse effects.*

Abuse: Lysergic acid diethylamide is thought to increase the
release of serotonin leading to excitation in the cerebral cor-
tex.” Its use leads to visual hallucinations, terrifying thoughts,
as well as, distortions in the perception of time, objects, and
color.%

Urological Implications

1. Retroperitoneal Fibrosis: Lysergic acid diethylamide
abusers may develop retroperitoneal fibrosis. The develop-
ment of retroperitoneal fibrosis with LSD abuse is thought
to be due to LSD’s serotonergic effects. Serotonin has been
known to promote the proliferation of myofibroblasts and
the deposition of a collagenous matrix to form fibrous tis-
sue.®0¢! Retroperitoneal fibrosis can lead to obstruction of
the ureters. A CT scan can therefore be used to identify the
presence of retroperitoneal fibrosis and assess the renal tract
for the presence of ureteric obstruction and hydronephrosis.
Laboratory tests may also show raised inflammatory mark-
ers and deranged renal function.®

2. Genital Mutilation: Lysergic acid diethylamide abuse
has been found to increase the levels of both serotonin and
glutamate in the synaptic cleft. Both these neurotransmit-
ters have been associated with the development of hallu-
cinations, which could, in turn, lead to self-mutilation, for
example, genital mutilation or self-inflicted testicular ampu-
tation; however, the underlying mechanism is still unclear.®'

Discussion

The recently released United Nations World Drug report has pro-
vided estimates of and trends in drug use. As per the information
provided, there is an increase in the population at risk of drug
abuse by 2030, with 43% and 10% being in low- and middle-
income countries, respectively. This is going to be a global chal-
lenge as around 1 billion and 6 billion people live in low- and
middle-income countries. Drug abuse impacts individuals indi-
vidually (both physically and mentally) as well as socially, and
they often need medical care for various health-related issues
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Table 1. Summarized Results of Urological

Complications Due to Illicit Drug

Part Affected Complication Illicit Drug
Upper tract Renal cell carcinoma Amphetamine
Renal infarction Cocaine
Ureteric obstruction Ketamine
Retroperitoneal fibrosis Lysergic acid
diethylamide
Rhabdomyolysis Amphetamine
Lower tract Bladder cancer Cannabis, heroin
Prostate cancer Cannabis
Cystitis and LUTS Ketamine
Urinary obstruction Amphetamine
Male genitalia Testicular cancer Cannabis
Genital self-mutilation Lysergic acid
diethylamide
Testicular self-mutilation Lysergic acid
diethylamide
Fournier’s gangrene Cocaine
Glans Ischemia Heroin
Sexual Erectile dysfunction Amphetamine,
dysfunction cannabis, heroin
Priapism Cocaine
Oligospermia/infertility Cannabis,
amphetamine, heroin
Testosterone insufficiency ~ Heroin

Sexually transmitted disease Amphetamine

LUTS, lower urinary tract symptoms.

arising directly or indirectly due to drug abuse. This makes it
imperative for healthcare professionals to be well aware of dif-
ferent manifestations of substance abuse.

Illicit drug abuse can have an adverse impact on the urological
system and can present with unknown and unexpected clinical
manifestations leading to referrals to urologists. This review
highlights and summarizes different clinical manifestations as
well as pathological impact of recreational and illicit drug abuse
on the urological system (Table 1). The presentations can be
varied and often challenging for urologists due to atypical pre-
sentations making it necessary for urologists to be aware of the
myriad of genitourinary complications. The “CHECKS” acro-
nym is a useful tool to help in urological diagnosis when aetiol-
ogy is not clinically obvious and illicit drug abuse is suspected.
This acronym was introduced by Coull and O’Brien® and stands
for cocaine, heroin, ecstasy, cannabis, ketamine, and steroids.

Conclusion
Illicit drug abuse among youth is widespread and is growing with

every passing day. These may have adverse effects on differ-
ent systems including the urological organ system. We strongly

recommend that thorough history needs to be elicited particu-
larly if young patients present with LUTS, sexual dysfunction,
infertility, or any other atypical presentation. Further studies are
required to analyze pathophysiology and to determine appropri-
ate testing and treatment.
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