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Female Urology

Beyond a Simple Anesthetic Effect:
Lidocaine in the Diagnosis and Treatment
of Interstitial Cystitis/bladder Pain
Syndrome

Richard A. Henry, Alvaro Morales, and Catherine M. Cahill

CrossMark

Intravesical local anesthetics, in a wide variety of combinations, are increasingly used to treat patients with interstitial
cystitis—bladder pain syndrome (IC/BPS). Lidocaine has demonstrated properties that block the neuroinflammatory
cycle associated with IC/BPS at many of the interactive points in this cycle. Intravesical lidocaine has been shown to
assist in identifying the bladder as the source of pain in patients with pelvic pain. An appreciation of these anti-
inflammatory effects and of the pharmacokinetics of intravesical lidocaine in patients with IC/BPS could lead to a
safe and effective diagnosis and treatment for an as yet unidentified subset of patients in the IC/BPS

spectrum. UROLOGY 85: 1025—1033, 2015. © 2015 Elsevier Inc.

Ithough the clinical picture of interstitial cystitis

(IC)/bladder pain syndrome (BPS) is widely

recognized, its cause(s) remains poorly under-
stood. There are few characteristic or specific clinical or
pathologic criteria for the diagnosis of IC/BPS, and spe-
cific markers have proven to be inconsistent and unreli-
able. Thus, despite concerted efforts, IC/BPS has eluded a
clear understanding of its etiology and pathogenesis,
resulting in failure to develop diagnostic and therapeutic
management strategies that significantly and consistently
benefit the majority of IC/BPS patients.’

The bladder has only a limited response repertoire to
injury, making it likely that >1 causal entity isat play in the
full spectrum of chronic bladder pain. Classic IC, with mast
cell proliferation causing inflammatory lesions (Hunner
ulcer) in the bladder wall, is found in <20% of IC/BPS
patients.” Mast cell-mediated inflammation results in
bladder pain with sensitization of peripheral and central
sensory nociceptive nerve endings.3 As in most chronic
pain disorders, it is now thought that the pain in IC/BPS is
due not only to changes within the bladder but also within
the peripheral and central nervous systems involved in the
transmission and modulation of nociception.”

Far more common than classic IC with mucosal
ulceration is BPS, with inconsistent clinical and bladder
findings, except for a strong association with fibromyalgia
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and irritable bowel syndrome.” This may represent a
disease entity having a primary source elsewhere, such as
myofascial pain,”” with the colocated spinal cord dorsal
horn instigating bladder symptoms via complex and
powerful mechanisms, which we now understand as
peripheral and central sensitization.'”

Lidocaine is a common local anesthetic (LA) agent
that is also used in a variety of chronic and persistent pain
syndromes, including treatment of IC/BPS. This review
will present the published clinical experience with
intravesical lidocaine, as well as briefly review the anti-
inflammatory effects of lidocaine pertinent to IC.
Although the authors are aware that intravesical bupi-
vacaine enjoys widespread clinical use, no published
experience with this LA was found.

CLINICAL EVIDENCE
We probed the MEDLINE, PubMed, and EMBASE

search engines between 1980 and 2014 for citations on
IC or BPS and lidocaine or LA in the diagnosis and
treatment of IC/BPS. One author (R.A.H.) screened
the search results using predefined inclusion or exclu-
sion criteria. Medical subject headings, titles, and ab-
stracts were reviewed. Full articles were assessed for
relevance if the abstracts fulfilled the predetermined
criteria. Studies involving nerve or spinal blocks or
chronic pelvic pain such as vulvar vestibulitis were not
included. A quality check of the selected publications
was carried out (A.M.) using an adaptation of the
Grading of Recommendations Assessment, Develop-
ment, and Evaluation principles for clinical evidence,
where Grading of Recommendations Assessment,
Development, and Evaluation scores from high quality
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(@D P ®) to very low (®) were given.11 Controlled
randomized studies of high quality would reach up to
high quality (& @ ® ®), whereas single case reports
earned the lowest (@) qualification (Table 1).

RESULTS

Evaluation of Literature

Literature search identified 60 qualifying articles but
when limited to human subjects, only 15 publications on
LAs for treatment of IC/BPS merited inclusion (Table 1)
As shown in Table 1, the majority were limited experi-
ences of a single observation, a few cases or open-label
uncontrolled studies. Only 1 study was controlled and
randomized but had a limited population, meriting a
@ ® @ rating. Although the preponderance of the evi-
dence augurs well for the diagnostic and therapeutic use
of intravesical anesthetics in IC/BPS, the quality of the
evidence remains low.

The first case of intravesical lidocaine treating IC was
reported in 1989 by Asklin and Cassuto.'” The patient
had severe symptoms (pain and frequency, 2-5 per hour)
for 2 years and was found to have the ulcerative form of
IC with severe inflammatory changes and a functional
bladder capacity of 50-60 mL. Two cystodistension pro-
cedures provided a “palliative effect of only 1-2 weeks,”
with no change in functional bladder capacity. A 0.4%
solution of 200-mg lidocaine comprising 10 cc of 2%
lidocaine hydrochloride mixed with 40-mL saline was
instilled into the bladder daily for 2 weeks, then twice
weekly for 4 weeks. The authors reported an excellent
response including cessation of pain, decreased frequency
to once hourly, an increased bladder volume to 250 mL,
only slight edema on cystoscopy, and a marked mast cell
count reduction. Three months after this treatment,
“general edema and ulcerations had reappeared” along
with the original symptoms.

A second case report in 1992 used twice-daily
instillations of 300-mg (0.46%) lidocaine in 65 mL of
nonalkalinized saline for 10 days, then daily for 20 days to
achieve a good response. Further instillations continued
twice weekly for another 30 days achieved cystoscopic
resolution with ongoing treatment continued twice
monthly to maintain the benefits."’

Electromotive drug administration (EMDA) describes
the use of electric charge to drive the charged lidocaine
molecules into the bladder wall. EMDA of intravesical
lidocaine was first reported in 1992'* to perform painless
bladder cystodistension in a patient with IC.
Eighty milliliters of 1% lidocaine (800 mg) with
1:100,000 epinephrine were instilled into the bladder,
and a positive polarity intravesical probe was used for
10 minutes. After a biopsy was completed, the bladder
was distended with 50-80 mL increments of distilled
water every 3-5 minutes with continuous application of
the 15-mA intravesical current to a final bladder volume
of 600 mL. Dexamethasone 16 mg was added to the last
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infusion. The patient’s symptoms were greatly improved
for 6 weeks after the procedure. Positive outcomes of
bladder capacity, voiding frequency, and pain were also
reported using EMDA lidocaine followed by cys-
todistension.'”'" Although studies using intravesical
EMDA have shown improved analgesia when used as an
anesthetic for bladder procedures such as hydrodistension,
capsaicin instillation, and bladder biopsies, absorption
kinetic studies have not been published.'®!”

Alkalinization of intravesical lidocaine with sodium
bicarbonate was first described in 1979 by Higson et al.”’
They administered 40 mL of 1% lidocaine with 40 mL of
8.4% sodium bicarbonate, held in the bladder for
30 minutes, to 20 subjects with urinary frequency,
urgency, and incontinence who were diagnosed with
detrusor instability at that time. Bladder capacity went
from a mean of 146 to 326 mL, with a decrease in mean
maximum detrusor pressure from 65.5 to 44.5 cm water.
Sodium bicarbonate was added after initial pilot studies,
with unbuffered lidocaine providing no effect.

Pharmacokinetic studies investigating nonalkalinized
intravesical lidocaine in normal bladders have shown
minimal systemic lidocaine absorption. Birch and
Miller”' (1994) instilled 40 mL of 1% lidocaine (400 mg)
with 10-mL sterile water catheter flush in 2 groups of
subjects, already catheterized for postoperative urinary
retention, to be held for 1 and 2 hours, respectively.
Plasma levels peaked at 121 ng/mL in 60-90 minutes in
the 1-hour group and at 410 and 1580 ng/mL, respec-
tively, in 120 minutes in the 2 subjects in the 2-hour
group.

Alkalinization was later investigated by various
research groups for use in the management of 1C/BPS
(Table 1). Alkalinization provided consistent absorp-
tion, initially in normal bladders, through a range of doses
(4, 5, and 6 mg/kg) providing peak serum levels in the
desirable 1-1.5 mcg/mL range, peaking in 30-60 minutes.
In the same publication, 5 mg/kg was administered to IC
subjects, providing a serum lidocaine peak of 1.3 mcg/mL
at 30 minutes with a significant immediate reduction in
bladder pain.”*

A subsequent larger 102-patient, multicenter, placebo-
controlled trial performed with a similar daily 1-hour
retention dosing strategy of 200 mg of alkalinized lido-
caine for 5 days resulted in a serum lidocaine peak of 0.6
mcg/mL at 1.13 hours and furnished significant relief of
bladder symptoms beyond the treatment phase.”’ Unfor-
tunately, this study failed to document the immediate
response to the initial instillation, which might have
allowed early identification of potential responders.

This led other investigators to use a similar intravesical
alkalinized lidocaine in combination with known
glycosaminoglycan layer enhancers, heparin and hyal-
uronic acid. In 2005, Parsons”® initially used 80-mg
lidocaine alkalinized with 3 mL of 8.4% sodium bicar-
bonate and 50,000 units of heparin (15 mL total) in 47
subjects meeting prevailing IC criteria. The second group
of 35 subjects received the same solution modified with

UROLOGY 85 (5), 2015
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Table 1. Summary of qualifying studies using intravesical lidocaine for the treatment of IC/BPS

Treatment-type Author Grade* Year

Lidocaine plain

Asklin and Cassuto’? ® 1989
Giannakopoulos and ® 1992
Champilomatos™®

EMDA lidocaine (dexamethasone)

Fontanella et al** ® 1992

Rosamilia et al*® X< 1997

Ried! et al'’ ® 1998
Alkalinized lidocaine

Henry et al®? ® 2001

Nickel et al*® o®® 2008
Lidocaine/heparin + alkalinization

Parsons?* X 2005

S5z

Welk and Teichman® =X 2008

Butrick et al® oY) 2009

Parsons et al*® X 2011

Matsuo et al*” ® 2011
Alkalinized lidocaine + hyaluronic acid

Lv et al*® Y] 2012
Continuous intravesical lidocaine

Nickel et al*® ® 2012
Intravesical lidocaine in diagnosis of IC

Taneja™ oY) 2010

No. of
Subjects

21

13

12

102

47
35
23
408

28

48 (3
groups)

16

22

Duration

4 wks

8 wks

1 Rx

1 Rx

1.6/pt

1x/d x2

1x/d x5

1 Rx

2 wks
3x/wk; 3 wks
1x/wk; 3 wks

1 Rx

2x/wk; 1y

1x/wk; 8 wks,
monthly x4

2 wks

1 Rx

Treatment Used

2% lidocaine (10 mL) in 40 mL saline;

200 mg in 50 mL providing 0.4% solution
2% lidocaine (15 mL) in 50 mL saline;

300 mg in 65 mL providing 0.45% solution

1% lidocaine (80 mL) in distilled water;
800 mg with epinephrine 1:100,000
2% lidocaine (150 mL) in distilled water;
3000 mg with epinephrine 1.5 mg +

dexamethasone 16 mg

2% lidocaine (100 mL) in distilled water;
2000 mg with 16 mg epinephrine + 16 mg
dexamethasone

2%-2.5% lidocaine (5 mg/kg) in 5% dextrose;
3-400 mg + 10 mL 8.4% bicarb

2% lidocaine (10 mL) 200 mg + 8.4% bicarb;
held for 1 h

1% lidocaine (8 mL) 40,000 U heparin;
3 mL 8.4% bicarb

Second group received 8 mL of 2%
lidocaine (160 mg)

8 mL 2% lidocaine, 4 mL 8.4% bicarb, and
2 mL (10,000 U/mL) heparin in 14 mL

20 mL 2% lidocaine, 20,000 U heparin;
40 mg triamcinolone (?volume)

1.3% lidocaine (200 mg), 420 mg bicarb
50,000 U heparin in 15 mL

200 mg lidocaine, 7% bicarb, and
20,000 U heparin in 50 mL

10 mL 2% lidocaine + 5 mL 8.4% bicarb +
40 mg HA (16), HA alone (16), and
lidocaine/bicarb (16)

200 or 650 mg LiRIS lidocaine slowly
released into bladder over 2 wks

2% lidocaine (20 mL) 400 mg

Comments

Pain free after 2 wks daily treatment; ulceration
healed after 4 wks treatment

Twice daily for 10 days, daily for 20 days, then,
twice weekly for 4 wks

15 mA DC intravesical current 10 min incremental
bladder distention to 600 mL

30 mA DC current for 20-30 min incremental
bladder distention till patient discomfort;
85% achieved pain reduction >2 at 2 wks
with decreased frequency

15 mA DC current for 20 min distention to 200%
prior capacity for 1-5 min: 62% judged effective

Peak blood levels at/before 30 min 1.3 mcg/mL;
urethral irritation

Only placebo study with alkalinized lidocaine; 78%
positive response

75% and 94% positive response rate

15/23 had >50% improvement

Treatment held in bladder for 30 min; bicarb used
as control; poor responders received second
Rx 1 day later; average serum level 0.51 pg/mL
Increased bladder capacity from 90 to 300 mL;
IC symptom index improved from 20 to 80.

Treatment held for 1 h, weekly for 8 wks and then
monthly for 4 mo. No difference in HA groups;
poor response in alkalinized. lidocaine group

64% positive response rate

Strong correlation between cessation of pain and
cystoscopic bladder findings of IC

bicarb, bicarbonate; BPS, bladder pain syndrome; DC, direct current; EMDA, electromotive drug administration; HA, hyaluronic acid; IC, interstitial cystitis; LiRIS, lidocaine-releasing intravesical system;

pt, patient; Rx, treatment.
* Level of evidence.



the addition of an extra 80 mg of lidocaine for a total
160-mg dose. The duration of retention was not reported.
Seventy-five percent of group 1 and 94% of group 2
subjects reported >50% improvement of symptoms.

A second study by Parsons et al’’ (2012) with 18
completed subjects compared 200-mg lidocaine with
50,000 U heparin and 420-mg sodium bicarbonate in
15 mL total volume, with the control group receiving
sodium bicarbonate only. The solution was held for
30 minutes, with blood samples drawn at 60 minutes.
Treatment was repeated once more the following day in
subjects who still had pain and urgency scores above 3 of
10. Serum lidocaine levels ranged from 0.24 to 2.0 mcg/
mL, with an average of 0.51 pg/mL, and pain and urgency
scores decreased by 35%.

The study by Welk and Teichman,’® in 2008, inves-
tigated the effect on dyspareunia with a similar solution
(8 mL of 2% lidocaine + 4 mL of 8.4% bicarbonate and
2 mL of heparin) held for 1 hour and then voided, 3 times
weekly for 3 weeks in patients with IC/BPS. Eighty-five
percent of subjects with focal bladder tenderness only on
vaginal examination had resolution of dyspareunia
compared with 29% of subjects who had more diffuse
pelvic muscle tenderness.

Matsuo et al*’ published a single case report (in Japa-
nese 2011) with the longest studied use of intravesical
lidocaine (200 mg) with bicarbonate and 20,000 U
heparin administered twice weekly for 1 year. The
patient’s bladder capacity increased from 90 to 300 mL
and IC symptom index from 20 to 80.

Lv et al’® (2012) studied the efficacy of alkalinized
lidocaine (200 mg) vs hyaluronic acid (40 mg) with a
combined third group, administered weekly for 8 weeks
and then monthly for 4 months. Both lidocaine groups
did well initially during the weekly phase of treatment.
Although there was no difference between the hyaluronic
groups at the end of the monthly treatments, the
lidocaine-only group did poorly at the lower frequency
monthly treatment, with 14 of 15 failing to complete the
study after the first 8 weeks.

More recently, researchers have developed a contin-
uous lidocaine-releasing intravesical system (LiRIS)
loaded with solid lidocaine hydrochloride minitablets
(200 or 650 mg).”” A silicone container absorbs urine to
dissolve the lidocaine contents, whereas the osmotic
pressure created forces the solution out of the container
through a small orifice in a controlled release over
14 days. A study evaluating the effects of LiRIS reported a
64% positive response rate. Interestingly, the 200-mg
LiRIS was more effective than the higher 650-mg dose.
These results are encouraging, especially because the total
dose delivered (140 or 500 mg) over 14 days provided
only 10-35 mg per day.

Surprisingly, only 1 study investigating the usefulness
of intravesical lidocaine in diagnosing IC has been
published.”® Nonalkalinized 2% lidocaine (20 mL)
provided significant reduction in pain in 68% of sub-
jects (15 of 22) with as yet undiagnosed BPS, with
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almost total cessation of pain in 50% of patients.
Thirteen of the 15 responders had cystoscopic findings
suggestive of IC (Hunner ulcer in 5 of 13 patients and
glomerulations or petechial patches in 8 of 13 patients),
whereas all the nonresponders had unremarkable blad-
ders with other causes for their pain subsequently
identified.

Butrick et al® published a retrospective chart review
in 2009 looking at the response rate in patients who
presented to their urogynecologic referral center over a
3-year period (2004-2006) with pelvic pain and/or
bladder dysfunction. One of the standard treatments
during this period entailed intravesical nonalkalinized
lidocaine (200 mg) combined with 20,000 units of
heparin and 40-mg triamcinolone administered weekly.
Most patients received at least 3 treatments. Seventy-
one percent of all patients felt the intravesical treat-
ments were beneficial, with a 73.7% response in their
IC/BPS group and 50% in patients diagnosed with vul-
vodynia and/or dyspareunia. The most common final
diagnosis in the nonresponding patients was myofascial

pain (51%).

COMMENT

The Mechanism of Pain in IC/BPS: The
Neuroinflammatory Process

The concept of a subpopulation of silent nociceptor
neurons that only responded to a stimulus capable of
causing tissue damage was first postulated over a century
ago.”

Neurogenic inflammation (Fig. 1) occurs when acute
peripheral inflammation activates and sensitizes noci-
ceptors, ™ setting up a response known as a dorsal root
reflex.’® Dorsal root reflexes are abnormal, likely occur-
ring only after there has been persistent strong stimula-
tion. Bidirectional transport of potent neuropeptides,
produced in the nociceptor cell body located in the dorsal
root ganglion, to the bladder (peripheral sensitization)
and the dorsal horn of the spinal cord (central sensitiza-
tion) provokes receptors (lowering the activation
threshold) responsible for pain transmission as well as
enhancing peripheral inflammation.”’’” Released neu-
ropeptides such as substance P, calcitonin gene-related
peptide, nerve growth factor, and vasoactive intestinal
peptide are well characterized and have been shown to
alter bladder mucosal permeability, smooth muscle
contractility, and local blood flow and to influence
cellular mediators of the immune system.

Thus, peripheral sensory neuronal structural and
physiochemical changes found in the inflamed bladder
are mirrored by neuronal changes (plasticity) in the dorsal
root ganglia and sensory receiving areas of the bladder in
the spinal cord. Bladder afferent cell bodies in thor-
acolumbar and sacral dorsal root ganglia undergo hyper-
trophy in response to intravesical irritants resulting in
spontaneous activity in normally “silent” C-fiber noci-
ceptors. Activated C-fibers are one of the histologic

UROLOGY 85 (5), 2015
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Figure 1. The neuroinflammatory cycle in interstitial cystitis. An initializing event (or combination of factors) triggers sufficient
release of leukocyte and mast cell mediators to activate C-fiber nociceptors, triggering the dorsal root reflex to release
neuropeptides from both the central (dorsal horn) and peripheral (bladder) nerve terminals. The nociceptor dorsal root reflex
causes central hyperalgesia in the dorsal horn, with all sensations at this level amplified to unpleasant degrees. Concurrently,
peripheral neurogenic inflammation in the bladder, with mast cell recruitment, activation, and degranulation, perpetuates the

inflammatory cycle. (Color version available online.)

features of IC and are implicated directly in the mainte-
. o 33
nance of the inflammation in IC.

Mast Cells: The Concept of a Looped Self-
perpetuation of IC

Perpetuation of the inflammatory reaction seen in IC is
established in a highly potent mediator microenviron-
ment. Reciprocal activation of mast cells by neuropep-
tides and sensory nerves by mast cell mediators
(particularly histamine) maintains this ongoing inflam-
matory process. Mast cells, by virtue of their location,

UROLOGY 85 (5), 2015

responsiveness to neuropeptides, and diverse potent
mediator production, play a central role in the chronic
inflammation of IC.*”

These nerve-associated activated mast cells show evi-
dence of piecemeal degranulation and have been sug-
gested as a characteristic ultrastructural feature of IC.
The surrounding urothelium shows fluid engorgement,
widened intercellular spaces with disruption of the
permeability barrier, and cell injury with accelerated
turnover. Neural changes consisting of swollen axons and
supportive elements and degeneration and depletion of
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myelinated axons resemble those changes found in

inflammatory bowel disease and experimentally in

cortical rat brain slices incubated with peritoneal mast

cells.”*?” Vascular changes with bloated endothelial cells,

focal degeneration, and fragmentation are also a consis-
36,37

tent feature and confirm vascular injury.

Local Anesthetics as Anti-inflammatory Agents
Concurrently, as the neurogenic inflammatory model of
IC was being developed, so has our appreciation of the
anti-inflammatory properties of LAs and their potential
clinical applications.”®”” Beyond their well-known
sodium channel interaction causing nerve conduction
suppression, LAs also affect potassium and calcium
channels and membrane function, suppressing intercel-
lular mechanisms vital to inflammation such as migration,
exocytosis, and phagocytosis. "

LAs have a well-demonstrated inhibitory effect on
chemotactic-induced leukocyte margination, adherence,
movement into tissue, and activation, as well as phago-
cytosis, metabolism, and function.*” LAs dose-
dependently and reversibly inhibit leukocyte adhesion
to the capillary wall, possibly by interfering with the
actions of adhesion receptors (integrins and leukocyte
adhesion molecule-1) in the leukocyte membrane.
Cytokines produced by the innate bladder immune sys-
tem and the activated C-fibers profoundly influence
chemotaxis and oxidative metabolic activity. The release
of the cytokines interleukin-1, interleukin-8, and
interleukin-1B is dose-dependently inhibited by lidocaine
and bupivacaine. Lidocaine inhibits normal random
leukocyte motility both by their effects on the cytoskel-
eton, by attenuating the release of chemoattracting agents
from leukocytes and stimulating secretion of the anti-
inflammatory molecule interleukin-1 antagonist.”””

Lidocaine has been shown to have therapeutic anti-
inflammatory effects on eosinophil activity when used
in the treatment of asthma.*' LAs have also been shown
to play a significant role in the treatment and prevention
of neuropeptide-induced peripheral and central
sensitization. "

Lidocaine has been found to inhibit histamine release
from challenged mast cells.”’ This action was found to be
critically concentration dependent and exhibits a
biphasic response: slight potentiation of histamine release
occurring at 1 mM (0.027%) and complete inhibition of
histamine release at 20 mM (0.5%). Subsequent investi-
gation of this phenomenon showed that lidocaine
induced a strong inhibition of activated mast cell hista-
mine release, with increasing effect at higher pH.** LAs
have also been shown to competitively inhibit histamine-
1 receptors and the release of histamine in skin by
platelet-activating factor."’

Another possibly relevant but less-known property of
these drugs is a broad-spectrum bactericidal effect that is
also concentration dependent. Lidocaine has also been
shown to inhibit the growth of Candida albicans and
interfere with viral replication.”®”” The antimicrobial
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properties of LAs may explain the low rates of infection
associated with LA use, despite the powerful and broad
range of anti-inflammatory properties they exhibit. These
properties may prove beneficial when using LAs in the
urinary tract.

Breaking the Self-perpetuating Inflammatory

Loop in IC

This conceptual approach to IC and awareness of lido-
caine activity makes a robust case for the investigation of
LAs to suppress and even halt the (possibly) self-
perpetuating neurogenic inflammation in IC. It should
not be surprising then that intravesical lidocaine has been
successful in both identifying the bladder as the source of
pain and controlling IC pain. Studies have shown lido-
caine to reversibly inhibit all the formative looped events
associated with neurogenic inflammation.

Although LAs administered systemically have been
found effective in pain conditions such as burns, bowel
obstruction, and peritonitis, the majority of their thera-
peutic effects are concentration dependent and may
require tissue levels in keeping with their neuronal
blocking (local) concentrations.”” These LA tissue levels
are toxic and potentially lethal when found in the brain
or the heart (causing seizures and dysrhythmia, respec-
tively). As such, LAs are usually administered locally to
the desired site of action, where the anesthetic effect is
desired. In IC, the target is the bladder wall. Targeting
the upregulated but distant dorsal root ganglia and spinal
cord dorsal horn relies on axonal transport to these target
sites. Safe dosing mandates keeping systemic levels of the
drug below the systemic toxic threshold (5 mcg/mL
plasma) and requires some pharmacokinetic knowledge
and understanding pertaining to both lidocaine and the

bladder.

Permeability of Bladder Epithelium

Bladder urothelium has low permeability to charged ions
and small molecules such as sodium, urea, and water. This
impermeability is attributed to tight junctions between
the apical membrane cells and is most effective at pre-
venting absorption of ionized molecules, as found in the
urine.*® Mishina et al*’ showed that absorption of a weak
base molecule was profoundly affected by pH of the
bladder content and was optimal at pH >6. Because the
route of entry is considered to be directly trans-
membranal, rather than between cells, lipid solubility
(partition coefficient) and molecular size were also shown
to be important determinants for the absorption of sub-
stances through the bladder epithelium. Not surprisingly,
intravesical unbuffered lidocaine has been shown to have
negligible absorption.”'

The effect of inflammation on the integrity of the
bladder urine to blood barrier is widely considered to
break this protective effect. Absorption of salicylate was
found to be 8 times higher in cats with IC than in those
with normal bladders.”® We did not find any studies

UROLOGY 85 (5), 2015
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Figure 2. The effect of pH on lidocaine ionization in solution. At pH of 7.7 (pKa), 50% of the lidocaine is in the base form. At
pH of around 7.4, this drops to 33% and down to 1%-2% at a common urine pH of 6 and the pH range in which the lidocaine is
manufactured to maintain ionized lidocaine in solution. Buffering the lidocaine solution will markedly elevate the base per-

centage to around 60%. (Color version available online.)

comparing the absorption of unbuffered lidocaine in

healthy vs IC bladders.

Pharmacokinetics of Intravesical Lidocaine
LA absorption and diffusion through tissue is largely
affected by the following equation:

lipid solubility x concentration
molecular weight x ionized fraction (pKa/pH)

Absorption «

Because the commonly used amide LAs are all of a
similar structure, molecular weight can largely be ignored
as a variable factor between different LAs. Lipid solubility
affects potency and is corrected for in the concentration
of each formulation. Lidocaine is provided in concen-
trations from 0.5% to 10% (topical airway spray), with
most preparations being in the 1% or 2% range for
injection and 4% for topical use. This is contrasted with
bupivacaine, which, being more lipid soluble, is provided
in the 0.25%-0.5% range.

The remaining absorption variable is the ionized frac-
tion of the drug. LAs are amphiphatic molecules, having
both a water-soluble cationic and a lipid-soluble free base
form. The state of the drug in an aqueous solution is pH
dependent and predicated by the pKa of the drug, which
is really an expression of hydrogen ion affinity in an
aqueous solution. LAs are weak bases. Lidocaine, the
weakest, has a pKa of 7.7. Being a logarithmic scale, the
relative concentrations of each state are profoundly
affected by even small changes in pH (Fig. 2).

LAs are generally formulated as acidic aqueous solu-
tions of their ionized form by lowering the pH of the
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solution to well below the pKa of the drug, usually to pH
around 5.0, causing 99% of the molecules to be ionized.
This acidification is the reason that LAs sting when first
injected. On injection, tissue buffering raises the pH of
the injected solution, transforming the LA into its base
form, allowing diffusion into the targeted nerves.

The bladder is ideally suited for topical anesthesia with
its ability to provide residency of the drug for as long as
voiding can be postponed. Healthy bladder mucosa is
however well designed to prevent absorption of ionized
molecules, essentially preventing reabsorption of urine.
Tight junctions between the bladder epithelial cells pre-
vent ionized molecules slipping through the cracks
between cells, leaving only the lipid-based cell membrane
as a route of entry. With urine pH usually in the pH 5-6
range, the acidic urine keeps lidocaine in the ionized
state, essentially ion-trapping the drug. Raising the pH of
the bladder contents will increase the absorption of
lidocaine.

LA toxicity is determined by the systemic level of the
drug, which in turn is primarily dependent on the rate of
absorption from the site of deposition.”” Mild toxicity is
felt as a ringing in the ears and perioral numbness when
lidocaine levels exceed 5 mcg/mL. The dose for lido-
caine that reliably produces serum levels in the safe
range of 1-3 mcg/mL are 1-1.5 mg/kg intravenously and
4.5 mg/kg when infiltrated into tissue. The maximum
safe intravesical dose is likely in the 5 mg/kg (lean body
weight) range, depending on the urine pH, bladder
perfusion, and, to a lesser extent, the concentration of
the solution used. Time to peak systemic levels is 15-
30 minutes.””
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The bladder wall in patients with IC is inflamed and
thought to lose the charged ion and water-impermeable
barrier provided by the tight junctions, thereby making
the bladder permeable to urine solutes (eg, potassium)
and ionized drugs such as lidocaine. This change in
permeability could be used in identifying patients with
classic or ulcerative IC, who would be expected to have a
significant reduction in bladder pain with nonalkalinized
intravesical lidocaine although inflammation was present.

CONCLUSION

Although lidocaine appears to be a promising candidate
drug to interrupt the self-perpetuating neuroinflammatory
cycle found in IC, only weak evidence exists for sup-
porting its clinical use. Lidocaine is a familiar and readily
available LA with a reassuring safety margin when used
intravesically. However, there remain many unanswered
questions pertaining to the ideal formulation, dosing
regimen, and patient population.”™

Current widespread use of intravesical lidocaine (and
bupivacaine) by clinicians for the treatment of IC in the
absence of an approved product is not an unusual sce-
nario. This review aims to condense our knowledge sur-
rounding LA treatment for bladder IC/BPS. A full
appreciation of the broad-spectrum neuroinflammatory
suppressive effects of LAs and their potential efficacy in
the treatment of IC will help in guiding and encouraging
physicians and researchers in the future investigation of
this class of drugs.

There remains a need for an optimized intravesical
lidocaine preparation with proven reliability in the early
identification of lidocaine-responsive bladder pain
patients, as well as an identified optimum preparation,
frequency, and duration of treatment required to induce a
sustained remission, if that is indeed possible. In the
interim, a suitable, inexpensive, and safe approach may be
daily instillations of 10-20 mL of 2% lidocaine
(2-400 mg), with or without alkalinization, for at least a
week to identify a clinical response that justifies ongoing
treatment. Once an optimum treatment regimen is found,
large-scale, well-designed, clinical trials are needed to
provide much needed answers.
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