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Medical uses for silver nitrate in the urinary tract (Review)
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Abstract. Silver nitrate has been used for centuries for the
treatment of a variety of diseases and in the prevention of
infection. Silver nitrate exerts astringent, cauterizing and
corrosive effects, as well as antimicrobial activities. Silver
nitrate injection therapy has a long history of use in urology.
It is reportedly effective for hemorrhagic cystitis, interstitial
cystitis, renal hematuria and chyluria. The present review
article summarizes the medical applications of silver nitrate
in urology. The published studies available on the medical
uses of silver nitrate are essentially older and retrospective,
involving smaller numbers of patients. In the absence of
comparative studies with other treatments, it is thus impossible
to determine the relative benefits of silver nitrate. However,
the outcomes of silver nitrate therapy have been fairly well
established. Silver nitrate therapy may prove to be a treatment
option for patients who are poor candidates for invasive treat-
ment. Further studies on the uses of silver nitrate however,
are required, and improvements also need to be made in the
injection technique to reduce the rate of complications.
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1. Introduction

The use of silver for the treatment or prevention of infection
dates back to at least 4,000 B.C.E. (1). Silver nitrate was used
topically throughout the 1,800s to treat infected wounds and
ulcers, and to prevent gonococcal ophthalmic infection in
newborns. It was also ingested to treat stomach ulcers based
on its astringent, cauterizing and corrosive action, as well as its
antimicrobial activities (1-3). These mechanisms of action are
caused by the binding of free silver ions to tissue proteins and
triggering the redox reaction (4).

Due to its various effects, silver nitrate has been used in
a wide range of fields (1-3,5,6). However, to the best of our
knowledge, to date, there are only a limited number of reviews
on the medical applications of silver nitrate. Thus, the present
review article summarizes the medical applications of silver
nitrate in urology.

2. Medical uses for silver nitrate in the bladder

Hemorrhagic cystitis (HC). HC is a condition secondary to
radiation therapy, chemotherapy, stem-cell transplant therapy
and virus infection with adenovirus, polyomavirus or cytomeg-
alovirus (7). Diffuse inflammation causes bleeding from the
bladder mucosa (8). The management options for this condition
comprise coagulation, embolization, fulguration, hyperbaric
oxygen therapy and surgical treatment (9). However, some
patients experience intractable HC that is difficult to manage,
particularly when the condition develops following the use of
cyclophosphamide chemotherapy in combination with radia-
tion therapy. Following radiation therapy, constant intravesical
irrigation with silver nitrate (in solutions >0.02%) may be an
effective, minimally invasive option compared with conven-
tional treatments (10,11). Some chronic cystoscopic findings
with irradiation cystitis include an ulcerated lesion with a
central sloughing area and a granulomatous edge. In such
lesions, hemorrhage following biopsy can be controlled when
the area is touched with a 20% solution of silver nitrate (10).
Silver nitrate is less injurious to the bladder than other surgical
procedures or cauterization with phenol or formalin (12).

In a previous study, Kumar et a/ (12) examined the efficacy
of silver nitrate irrigations to control intractable hemorrhage
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from the bladder in 10 children with malignant diseases who
had received cyclophosphamide therapy with or without
irradiation. In total, 8 patients had received pelvic irra-
diation therapy. Bladder hemorrhage ceased within 24-48 h
post-operatively in 9 patients following the instillation of
0.5-1% solutions of silver nitrate for 10-15 min following the
cystoscopic evacuation of clots and saline irrigation. The treat-
ment was considered to have short-term effects, as 8 of the
10 patients had recurrent hematuria within 1 day or 2 years
following treatment (12).

As previously demonstrated, a reported complication of
irrigation of the bladder with a 1% solution of silver nitrate
involved temporary anuria due to the obstruction of ureteral
orifices caused by mucosal ulceration or edema, and the shed-
ding of the bladder mucosa impregnated with silver salts (13).
In another study, argyrosis of the urinary tract, or the diffuse
deposition of silver, rarely occurred when the bladder was irri-
gated with a 0.01% solution of silver nitrate for 18 h following
the instillation of a 10% silver nitrate solution for 5 min (14). The
reflux and extravasation of silver nitrate from the upper urinary
tract has also been observed in a patient with severe cyclo-
phosphamide cystitis who received intravesical therapy with
a 1% silver nitrate solution for 20 min, resulting in secondary
retroperitoneal inflammation (15). Not only the presence of
silver nitrate in the upper tracts, but also the urothelium in
the upper tracts affected by high-dose cyclophosphamide are
considered predisposing factors for extravasation. Appropriate
precautions prior to treatment can reduce complications when
reflux is identified. Additionally, saline irrigation after silver
nitrate instillation should be avoided to prevent the precipita-
tion of silver chloride crystals (13).

Severe vesical bleeding in children is difficult to manage,
as the small size of the urethra precludes the use of large cath-
eters for bladder irrigation and clot removal. Thus, silver nitrate
may prove to be particularly useful in pediatric patients (12). A
previous study demonstrated that the intravesical administra-
tion of a 0.01-0.1% solution of silver nitrate was ineffective in
9 adult patients with refractory HC and that silver nitrate may
have a limited role in the management of HC; however, since
the number of patients with HC treated with silver nitrate is
limited, further investigations are required to determine the
usefulness of this therapy (16).

Interstitial cystitis. Interstitial cystitis is considered a disease
of unknown etiology, and the main symptoms include bladder
pain, and urinary frequency and urgency (17). In particular,
it may be associated with recurrent, severe bladder pain in
the presence of Hunner's ulcers. In patients with interstitial
cystitis, impairment of the glycosaminoglycan layer of the
bladder mucosa occurs, and urine stimulates sensory nerves,
such as unmyelinated C-fibers, which causes pain. Various
treatments have been advocated and include local therapy with
silver nitrate instillation in the bladder (18).

In 1944, Pool and Rives (19) used intravesical silver nitrate
instillations in 74 patients, beginning from a dilute solution
of 0.02% to a maximum concentration of 1%. Symptoms
including pain and urinary frequency improved in 89% of
patients. The average duration of response was 7.6 months
(range, 1 to 21 months). In 70 of 74 patients, follow-up data from
3.5-21 months revealed no recurrence in 41% of patients (19).

The investigators recommended intravesical irrigation with
increasing concentrations of silver nitrate following overdis-
tention of the bladder as a greatly effective treatment (20).

Burford and Burford (21) demonstrated an improvement
in 93% of patients (n=187) with interstitial cystitis following
silver nitrate instillation in combination with bladder fulgu-
ration. Symptoms included dysuria and nocturia caused by
small bladder capacity and irritability. Bladder capacity,
urinary frequency and nocturia were judged to evaluate the
degree of improvement after each treatment. After 15 ml
of 5% cocaine hydrochloride was instilled into the bladder,
2% silver nitrate was instilled into the posterior urethra and
vesical neck, and subsequently 30 ml of 0.1% silver nitrate
and 90-120 ml water were added. After this liquid mixture
was held in the bladder for 2 min, it was flushed out with
sterile water (21).

DelJuana and Everett (22) evaluated treatment with a 0.05%
silver nitrate solution in 110 patients; 50% of all patients had
a satisfactory result. The main symptoms included urinary
frequency, nocturia and suprapubic pain, and half of the
patients experienced a relief in these symptoms for at least
1 year. In addition, the combined treatment of overdistention
with silver nitrate and superficial electrofulguration of the
ulcers was more effective than silver nitrate instillation alone.
However, silver nitrate can have adverse effects and potential
complications can be caused by its potentially harmful effects
on organs and tissues. Pelvic pain can occur following the
intravesical silver nitrate instillation, and anesthesia may be
required to control severe pelvic pain. Bladder biopsy should
not be performed along with silver nitrate instillation to
prevent perivesical extravasation. Advances in silver nitrate
instillation techniques are required. One of the authors of the
current review previously developed a novel, in situ perme-
ation system that enables control of the intratissue diffusion
of therapeutic agents and may be applicable to the localized
ablation of target lesions (23).

3. Medical uses for silver nitrate in the upper urinary tract

Renal hematuria. Silver nitrate instillation has been used
in the treatment of renal hematuria. The initial description
of silver nitrate therapy was reported initially in 1950 by
Goodwin et al (24), who treated a patient with renal hematuria
by the open irrigation of the renal pelvis with 0.5% silver
nitrate. Another study in 1952 demonstrated retrograde lavage
with 0.2% silver nitrate (25).

In the 1980s, the successful treatment of renal hematuria
with silver nitrate instillation was reported for a small number
of individuals (26,27). Diamond ef al (26) reported 4 patients
with prolonged benign renal hematuria treated with silver
nitrate instillation. They used 0.25-1.0% silver nitrate with a
variable total volume (3-26 ml) and periods of administration
ranging from 1-3 days. The hematuria resolved within 4 days
in each patient, although 1 patient reported transient flank pain
and nausea with 1 ml of 1% silver nitrate. They concluded that
silver nitrate instillation may be an effective, safe treatment
for renal hematuria, without requiring extirpative surgery (26).
Bahnson (27) demonstrated the effective, successful resolu-
tion of significant renal hematuria in 3 patients with sickle
cell hemoglobinopathy following pyelocaliceal irrigation with
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10 ml of a 1% silver nitrate solution. Although 2 of the 3 patients
underwent an additional 1% instillation of silver nitrate on
post-operative day 1, no patient suffered from further hema-
turia for an average of 13 months (range, 11-15 months) (27).

Usually, a ureteral catheter is passed up to the renal pelvis
at cystoscopy, and the retrograde instillation of silver nitrate is
performed via the catheter. The catheter is left in place after
instillation or clamped for 5-20 min just after instillation and
then opened. If the hematuria remains, a second silver nitrate
instillation can be performed (26-28). In a previous study, a
Councill catheter was used to stabilize the ureteral catheter
and to prevent its distal migration (27).

Ureteral stenosis following the retrograde intrapelvic
instillation of silver nitrate has been reported as a severe
complication (28). The progressive narrowing and rigidity
of the ureter with hydronephrosis was detected after a 2.5%
silver nitrate injection via a ureteral stent, which was consid-
ered an excessively caustic concentration. Preferably, a <1%
silver nitrate solution should be used for the safe treatment
of renal hematuria. Of note, no other severe consequences or
systemic side-effects have been reported due to silver nitrate
injection (26,27), at least to the best of our knowledge. In addi-
tion, when silver nitrate is instilled into the renal pelvis as a
chemical cauterization for five continuous minutes, aspiration
from the pelvis must be performed to prevent inflammation
of the ureteral mucosa and precipitation of silver chloride
crystals (29). Monitoring by urinalysis and retroperitoneal
ultrasound is also crucial following silver nitrate instillation.

In canines, the use of sclerotherapy as a treatment for
renal hematuria has also been explored. A previous study
demonstrated that clinical signs and anemia were resolved for
10 months in a canine with bilateral renal hematuria following
the instillation of 0.5% silver nitrate (30). In another study,
sclerotherapy led to the complete cessation of macroscopic
hematuria in 4 of 6 canines within a median of 6 h (range,
post-surgery to 7 days). In these canines, the infusion of
0.5-0% silver nitrate into the renal pelvis in combination with
5% povidone iodine was performed (31).

Finally, to the best of our knowledge, only limited data
have been reported to date for refractory hematuria in the
upper urinary tract (32). Silver nitrate instillation into the
renal pelvis has been a common method for the conservative
management of chronic renal hematuria to control recurrent,
prolonged bleeding. Recently, Araki er al (33) demonstrated
that the instillation of silver nitrate into the renal pelvis prior
to ureteroscopy became less frequent after flexible ureteros-
copy appeared as a treatment for chronic unilateral hematuria.
Flexible ureteroscopy is the diagnostic and therapeutic tech-
nique of choice to control renal hematuria (32).

Chyluria. Chyluria is caused by the rupture of lymphatics into
the renal pelvis or calices. It is a common condition among
Asian populations, and is particularly observed in India (34),
Japan (35,36), Hong Kong (37) and Taiwan (38). Wood
described an incidental disappearance of chyluria following
retrograde pyelography in 1929, which was considered the
original description of renal pelvic irrigation treatment (36,39).
Silver nitrate therapy for chyluria was first reported in
1925 (40), and silver nitrate has been a commonly used agent
for renal sclerotherapy (41).

Renal pelvic instillation can cauterize and obstruct
fistulas between the renal lymphatics and the renal pelvis
or calices (36). Silver nitrate instillation causes chemical
lymphangitis and edema of the renal lymphatic channels as an
inflammatory reaction. Consequently, a blockage of fistulas can
relieve chyluria immediately, and permanent remission can be
obtained due to subsequent fibrosis as a healing process (42).

The treatment of chyluria using the instillation of silver
nitrate into the renal pelvis is considered a safe, effective and
minimally invasive procedure. A previous study demonstrated
that 77% of 55 patients responded to instillation of 10 ml of
0.5% silver nitrate to the renal pelvis, leading to complete
remission of chyluria (38). The instillation of 1% silver
nitrate into the renal pelvis for the treatment chyluria has
been shown to be a relatively safe, effective procedure with a
success rate of 82% in 62 patients (42). Another study demon-
strated a success rate of 70% following the instillation of 1%
silver nitrate in 54 patients (43). In a large Japanese study,
585 patients were treated with 0.1-% silver nitrate instillation,
and chyluria ceased in 61% of patients and improved in 16% of
patients (39). In terms of concentration, 0.5-1.0% silver nitrate
has been recommended for the safe and effective treatment of
chyluria (44).

However, certain complications have been documented
with the instillation of 1.0% silver nitrate. Su et al (45) reported
a case of acute necrotizing ureteritis following the instillation
of 10 ml of 1% silver nitrate, although the urine became clear
post-treatment. The authors of that study argued that the coex-
isting urinary tract infection due to the long-term chyluria may
have caused this severe complication (45). Sabnis er al (42)
reported a series of 62 patients with chyluria, and treatment
included a course of 10 ml instillations of 1% silver nitrate
every half hour for 2 h (four doses). The patients received 1-3
courses of silver nitrate with an interval of 6 weeks between
courses. As a result, the treatment success rate was 82%. Flank
pain, nausea, vomiting and occasionally, hematuria occurred
in a number of patients, although all these symptoms subsided
in 24-48 h. One side should be treated at a time, with 6-week
intervals between instillations in patients with bilateral
chyluria. Importantly, patients with severe symptoms were
more likely to respond well to treatment (42).

Silver nitrate instillation has been shown to be associated
with other severe complications, such as interstitial nephritis,
sepsis and pyelonephritis (46). Kulkarni et al (47) reported a
case of renal and fulminant hepatic failure following silver
nitrate instillation for the treatment of chyluria, although the
exact quantity and concentration were unknown. Another
study also reported anuria immediately following the simul-
taneous instillation of 5 ml of 3% silver nitrate solution into
the bilateral renal pelvis. Following hemodialysis, urine output
and renal parameters improved, and chyluria disappeared (48).
Acute renal failure with acute tubular necrosis and ureteric
strictures have also been reported following simultaneous
bilateral instillation of 3% silver nitrate (49). Solutions of a
higher concentration, such as 3%, may thus be associated with
a higher risk of severe complications.

In terms of the numbers of instillations, a previous study
demonstrated that nine and three instillations of 1% silver
nitrate instillations were equally effective (96.5 vs. 96.7%,
respectively), with more side-effects in the group that received
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nine instillations (41). As previously demonstrated, a massive
arterial hemorrhage caused by an intrarenal aneurysm
occurred 8 years following multiple renal pelvis instilla-
tions with 1% silver nitrate for chyluria (50). Another study
demonstrated that the rate of the spontaneous remission of
chyluria was 50%, and the duration of chyluria was within
6 months in half of the patients who experienced spontaneous
remission (51). Thus, if the general condition of patients with
chyluria is good, observation can also be considered. When the
chyluria is refractory to conservative treatments, three instil-
lations of silver nitrate should thus be performed, based on an
associated shorter hospital stay and lesser cost.

4. Conclusion and future perspectives

In the field of urology, intravesical injection therapy is conven-
tionally used in the treatment of patients by injecting various
liquid drugs (e.g., silver nitrate, dimethyl sulfoxide, lidocaine,
phenol and steroids) into the bladder to reach the entire surface
tissue of the bladder (52-54). The therapeutic application
of silver nitrate is reportedly effective for a wide variety of
urological diseases (Table I). However, reports describing this
therapy are primarily older and rely on small cohorts of patients.
Silver nitrate instillation is not listed in treatment guidelines
due to the advent of other therapeutic agents. In additions, the
use of silver nitrate requires caution regarding environmental
pollution. By changing the method of administration (e.g., local
ablation), it is considered that silver nitrate can be used safely
and may be re-evaluated for the treatment of refractory urinary
tract diseases. Medical technologies are advancing daily, and
technologies, such as robotic surgery and laser therapy are
now available. The interest in minimally invasive treatment is
increasing, and silver nitrate offers the advantages of avoiding
unnecessary hospitalization and surgery. However, for silver
nitrate to be used more effectively with fewer complications, it is
necessary to improve the therapeutic techniques. In the future,
silver nitrate may play a role in the treatment of urinary tract
diseases as an active medical agent.
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