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T he urethral catheter was first described in the sixth
century BC, by the Indian surgeon Sushruta in his text
Sushruta Samhita.1 Silver, iron, and wood were typical com-

positions at that time, with liquid butter used for lubrication. Soon
after Goodyear developed the vulcanization technique by which
rubber could be intentionally shaped, August Nélaton, MD (1807-
1873), was credited with the invention of the Nélaton catheter, the
first rubber catheter.2 Initially, catheters were secured to the penis
or sewn to the female urethra. In 1929, Frederic Foley, MD, first
described a self-retaining “hemostatic bag catheter.”3 The design was
refined and published in the Journal of Urology in 1937.4 It was
marketed as the Foley catheter by the C.R. Bard Company from 1935
onwards. Its name and general design remain in use today.

About 100 million urinary catheters are used globally every year,
and about 20% of patients in US hospitals have a catheter at any
given time.5 Given the prevalence of catheter use globally, under-
standing optimal management of the urethral catheter is critical. First,
the indications for catheterization, catheter choices, and the frame-
work for choosing an effective catheter are discussed. Then, the tech-
niques for insertion, maintenance, and removal are reviewed.
Finally, the complications of catheterization and measures for
prevention are described.

Indications
Appropriate indications for catheterization,6,7 depending on the
clinical context, include the following: acute urinary retention or blad-
der outlet obstruction, neurogenic lower urinary tract dysfunction,
need for accurate urine output measurements (eg, in the context

of critical illness or targeted diuresis), to assist in wound healing
(eg, open wounds in genitourinary, sacral, or perineal regions) in
patients after select surgical procedures (eg, urological surgery, pro-
longed surgery, surgery wherein accurate urine output measure-
ment is necessary), and in cases wherein prolonged critical immo-
bilization is expected (eg, potentially unstable spine or pelvic
fractures, intensive care), and to provide comfort in the context of
end-of-life care.

Inappropriate uses include catheterization as a substitute for
nursing care for an individual with urinary incontinence, for conve-
nience when toileting is cumbersome, as a means for obtaining urine
specimens from an individual who can voluntarily provide a clean-
catch urine specimen, or for prolonged postoperative duration in
the absence of a specific indication.6 Typically, it is recommended
that a catheter be removed as soon as it is no longer needed after
surgery, unless there is a specific indication for continuation.

Catheter Choices: Size, Shape, Material
The “French” catheter size system is the most commonly used to-
day. The scale is as follows: the French metric is equal to 3 times the
entire diameter of the catheter (not just the internal drainage chan-
nel). Thus, an 18F catheter corresponds to a catheter with a diam-
eter of 6 mm (Figure 1A).

The second consideration is the geometry of the catheter tip.
Most catheter tips are straight, but a coudé or “elbow” tip is also avail-
able. In most young male patients, a straight-tipped catheter is
sufficient with 16F or 18F generally an appropriate choice (Figure 1A).
In a male patient with a known or suspected enlarged prostate (older
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than 50 years), it is advisable to use a coudé tip catheter. The curve
of the coudé should always be angled anteriorly, and a larger-bore
catheter (18F rather than smaller) will pass more smoothly over an
enlarged prostate since the slight increase in stiffness can pass
through the prostatic urethra more easily. In a female patient, a 14F
or 16F straight catheter is generally appropriate (Figure 1A).

The material type of the catheter should also be considered
(Figure 1B). Clearly, latex catheters should not be used in patients
with latex allergies or in those with spina bifida (in whom latex pre-
cautions are generally indicated). Silicone catheters are stiffer and
could cause more urethral irritation. Many patients managed with
long-term indwelling catheters prefer latex catheters, citing com-
fort. Many coatings and materials are in the development process,
but those details are beyond the scope of this review.8 The specific
material type (silver alloy impregnated, nitrofurazone, coated
latex, or silicone) is not associated with any real change in the rate
of urinary tract infection (UTI).9

Catheters may have variable balloon sizes, but the typical bal-
loon size is 10 mL. The balloon should be filled with the fluid vol-
ume recommended by the manufacturer of the catheter being
used (located on the inflation port), thus avoiding an underfilled
balloon that will assume an ellipsoid shape and be subject to inad-
vertent (and perhaps traumatic) removal. Smaller balloons (5 mL)
exist on pediatric catheters given the smaller bladder size and
larger balloons (30 mL) on hematuria catheters used after prostate
surgery for traction. This maneuver should only be done with uro-
logical supervision. Sterile water or saline is typically used to fill the
Foley balloon, given the theoretical possibility that other fluids
might lead to crystallization and possible balloon rupture.10

Insertion and Removal
Insertion Technique
Indwelling catheter placement should be performed using a sterile
technique. Supine positioning of the patient, with their head re-
laxed on a pillow, often will help alleviate any anxiety and relax pel-
vic floor muscles. Female patients may be placed with their legs in
a butterfly position. After sterile preparation of the meatus, typi-
cally with povidone-iodine (Betadine), it is helpful to put lubricat-
ing anesthetic jelly (often 2% lidocaine) in the meatus via a pre-
filled syringe. If viscous lidocaine is not available, then the catheter

tip should still be liberally lubricated. In male patients, traction on
the penis by holding the penile glans and shaft with a nondominant
hand (while avoiding occlusion of the urethra, which is in the ven-
tral position on the shaft) will reduce angulation in the urethra and
allows the catheter to pass much more easily. The dominant hand
advances the catheter. In female patients, the urethral meatus is typi-
cally at the opening of the vagina and anatomically is the first struc-
ture below the clitoris.

Some resistance may be encountered near the area of the
external sphincter (particularly in males with more sphincter resis-
tance), which should be traversed with gentle pressure. Reassur-
ance should be provided, and breath control exercises such as “blow-
ing out candles” may be encouraged as the sphincter is traversed
using a steady gentle pressure. The catheter should be advanced
all the way to the hub in male patients and a minimum of
halfway down the length of the catheter in female patients. Only
after urine return is visualized and the catheter pushed a few more
inches in the bladder should the balloon be inflated. After balloon
inflation, which occurs in the center of the bladder, the catheter
should be gently brought back to the bladder neck to the hub, which
confirms correct placement of the catheter (Figure 2A and B). A cath-
eter securement device should be used to secure the catheter to the
leg, with slack on the tubing to allow leg movement (Figure 3).

Removal Technique
For catheter removal, the balloon must be deflated completely using
a syringe. Because the balloon could be filled with any amount of
fluid (even if it is designed to hold a certain amount), it is critical to
empty fluid from the balloon port until it is empty. Avoid kinking of
the catheter tubing since a kinked (occluded) port tube is a com-
mon reason for an incompletely emptied catheter balloon. Next,
the catheter should be gently removed from the urethra in a smooth
motion. Troubleshooting a nondeflating balloon beyond strong
syringe suction of the port is beyond the scope of this review and
should prompt urological referral as it will often involve needle punc-
ture transcutaneously.11,12

Special Considerations and Pitfalls
One pitfall in catheter insertion is inflation of the balloon in the ure-
thra rather than the bladder (Figure 2C), which is avoided by
advancing the catheter to the hub and confirming the catheter is
indeed in the bladder. This confirmation requires either visualizing

Figure 1. Catheter Sizes, Geometry, and Material Types

Latex cathetersA Catheters of different materialsB
A, Latex catheters of varying sizes.
The leftmost catheter is shown with
the balloon inflated with 10 mL. From
left to right, catheters are 12F, 14F,
16F, 18F, and 24F. B, The leftmost
catheter is a latex catheter with a
straight tip, the left-mid catheter is a
silicone catheter with a straight tip,
the right-mid catheter is a hydrophilic
red rubber catheter with a council tip,
and the rightmost catheter is a latex
catheter with a coudé tip. The council
tip catheter is shown with a
guidewire to demonstrate its council
tip lumen and its ability to be
advanced over the wire.
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urine draining in the tube or, if the bladder is not full, irrigating and
aspirating with a catheter tip syringe. The catheter will not irrigate
in if it is folded or bent in the prostate, and it will not aspirate out
if the tip is not in the bladder.

In a patient with known stricture disease, using a smaller cath-
eter can make catheter placement easier, and a consultation with
the urologic service is prudent. A more common cause of difficult
Foley catheter placement is a traumatic catheter placement, where
excessive pressure is placed on the Foley catheter while it is being
inserted in a male patient at the external sphincter. In these in-
stances, the catheter perforates the urethra and causes a “false
passage” (usually posteriorly, at the 6-o’clock and/or surrounding
positions) at the level of the external sphincter. This will then result
in subsequent catheter passes exacerbating the false passage and
significant urethral bleeding. If significant urethral bleeding is en-
countered during Foley catheter placement, the Foley should be
removed and a urology consult placed since it will likely require
cystoscopically guided council tip catheter placement over a guide-
wire (catheter with a reinforced hole at the tip for wire guidance)
(Figure 1B). Any patient with a traumatic catheterization should
receive antibiotics, given their elevated risk for infection in the
context of breached urinary mucosa.

Another potential difficulty is locating the female meatus in cases
where it may be deeper in the vagina, which occurs more often in
older patients and patients with obesity. Placement of a catheter
in such cases with the female patient in a hospital bed or supine is
extremely difficult. Repositioning to the lithotomy position changes
the angle of the meatus, improving its visibility. A speculum may be
used to visualize the anterior vaginal wall. A coudé catheter can also
be helpful in directing the tip of the catheter anteriorly to follow the
expected course of the urethra.

Management of the Catheter
Patients with indwelling Foley catheters should be given instruc-
tions on genitourinary and perineal care using soap and water to keep

the insertion site clean but not any astringent or alcohol-based
products that would be irritating to the genitalia. Patients should be
instructed to keep their collection bag dependent (below the level
of the urinary bladder) and can switch from a leg bag to a night bag
by using an alcohol swab on the reusable bag before connection. The
system should remain closed and always connected to a drainage
bag. The drainage bag should be emptied when it is about halfway
full, thus ensuring that an overfull bag does not provide bag pres-
sure, preventing drainage. Although there are no clear recommen-
dations on catheter change frequency, most patients undergo cath-
eter exchanges approximately every 4 weeks.

Complications
The cornerstone for avoiding catheter-associated complications is
to identify and implement alternatives to catheterization. Urinary
catheters should only be used when needed and removed as soon
as they are no longer necessary. Indwelling catheters have several
potential risks, including UTI, encrustation, discomfort and irrita-
tion of the tube to the urethra and bladder, catheter erosion of the
urethra, and urine leakage around the catheter (Table).

Catheter-Associated Urinary Tract Infection
Immediately after catheter insertion, the risk of bacteriuria is
reported at 3% to 7% per day, resulting in a 98% risk of bacterial
colonization of the bladder at 30 days.13 Catheter-associated UTIs
(CAUTIs) are a serious health problem; in hospitalized patients, they
lead to increased length of stay, higher cost, and excess antibiotic
use with the risk of antimicrobial resistance and higher mortality.14

Patients at increased risk for CAUTI are older, are female and have
diabetes and longer duration of the catheter. These health care–
associated infections are reported to the National Healthcare Safety
Network. It is estimated that 50% to 70% could be prevented,14 and
most hospitals have measures in place to reduce this incidence.

Bacteria typically colonize the bladder via an ascending route:
from the perineum up the urethra. Because the patient is not voiding,

Figure 2. Illustration of Correct and Incorrect Catheter Placement

Female anatomyA Male anatomyB Failure to completely advance catheter
into the bladder

C

Correct urinary catheter placements are shown in female (A) and male (B)
anatomy. The balloon is inflated once the catheter is positioned within the
bladder and placement is confirmed by visualization of urine return or
successful fluid irrigation and aspiration. Failure to completely advance and

confirm the catheter placement in the bladder may result in balloon inflation
within the prostatic urethra (C), which could cause trauma, discomfort, and
catheter dysfunction.
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the urethra’s best defense against ascending infection, the
antegrade urine flow, is absent, and bacteria become adherent to
the urethral catheter. Bacterial biofilm formation ensues on the cath-
eter and its balloon and/or eyelets.15 This makes eradication of the
bacteria nearly impossible while the catheter remains in place.
Changing the catheter has little to no impact on bacteriuria be-
cause the bacteria are present in the bladder and on the catheter
and will quickly reform the biofilm. Steps that reduce the rate of UTI
include proper handwashing before manipulating the catheter or
drainage bag, cleansing the catheter and urethral meatus with soap
and water, maintaining a closed drainage system, using smaller
catheters such as 14F or 16F in the urethra (reduces urethral trauma),
and avoiding unnecessary breaks in the drainage system for irriga-
tion or sample collection.16 Again, the best prevention of CAUTI is
avoiding the use of indwelling catheters and removing those in place
as soon as it is safe.17

Symptoms of a UTI include bladder pain, suprapubic pain,
spasms, flank pain, and fever.18 Depending on the clinical context,
these symptoms generally require prompt treatment with culture-
specific antibiotics. If a specimen is needed from a patient with an
indwelling catheter, it is recommended to perform catheter replace-
ment before obtaining the specimen if the catheter has been in place
for 7 or more days. This will avoid culturing of catheter biofilm-
associated bacteria rather than the organisms present in the blad-
der urine. Catheters should also be changed during the treatment
for infection and in the context of encrustation. Asymptomatic
bacteriuria, or bacterial colonization of the urine in the absence of
symptoms, is extremely common and does not generally require
screening or treatment because it is not pathological.18,19

Clogging, Encrustation, and Bladder Stones
Fifty percent of long-term catheter users eventually develop
encrustation,20 a phenomenon caused by bacterial colonization and
biofilm formation (usually Proteus mirabilis), leading to hydrolyza-
tion of urea, increased urinary pH, and crystallization and deposition

of magnesium and calcium phosphates.20 The encrustation
continues to develop until a catheter becomes clogged, necessitat-
ing more frequent changes. Bladder irrigation to reduce blockage
using Renacidin (citric acid, glucono delta lactone, and magnesium
carbonate), acetic acid, and most other tested solutions have not
shown benefit.21 New data have emerged on the utility of amino-
glycoside bladder instillations for reducing UTI.22 Hydration is
helpful, especially with fluid and citrated drinks that will increase
urinary pH.20

For patients with recurrent episodes of catheter clogging or en-
crustation, home irrigation with a catheter tip syringe and normal
saline or water may be effective for reducing urgent care and emer-
gency department visits for catheter clogs. Irrigation using high vol-
umes of 100 to 200 mL either daily or as needed for clogging and
teaching patients and caregivers to perform exchanges them-
selves may be effective. More frequent catheter changes are often
effective, as each exchange resets the encrustation.

Encrustations may dislodge and act as a nidus for bladder stones.
Patients with long term catheters are at a 9-fold risk of bladder
stones.23 Additionally, extremely long term (�10 years) bladder epi-
thelial irritation from bacteriuria and or catheter irritation puts these
patients at risk for bladder cancer.24 The risk increase is minimal with
catheters in place for less than 10 years, but after this time, the risk
increases substantially. Cystoscopic screening and urine cytology
screening have been reported25 but unfortunately do not improve
detection. Patients with catheters who develop gross hematuria
all require assessment with cystoscopy because hematuria is a
hallmark sign of bladder cancer.26

Bladder Spasms and Catheter-Associated Discomfort
Bladder spasms and urgency are common conditions with both long-
and short-term catheters. Leakage around a catheter (bypass leak-
ing) can occur when tubing is kinked, the catheter is clogged, or the

Figure 3. Catheter Securement Devices

Adhesive securementA Wrap-around securementB

After urinary catheter placement, the catheter should be secured in place to
avoid inadvertent removal or disconnection of the closed system and to
minimize tension on the urethra. Common securement devices may adhere to
(A) or wrap around (B) the leg. The securement devices should generally be
placed about 1 inch proximal to a position wherein a catheter tubing would be
taught, maintaining a gentle curve of the catheter. This position ensures there
is no undue tension on the urethral or bladder neck.

Table. Complications of Urinary Catheters and Mechanisms for
Prevention

Complication Prevention approach
Catheter-associated
urinary tract infection

Seek alternatives to catheterization.
Use a sterile insertion technique and perineal care.
Consider gentamicin irrigation in individuals with
recurrent urinary tract infection.
Maintain a closed drainage system.
Maintain continuous drainage.
Remove as soon as it is no longer indicated.

Encrustation Exchange catheters at shorter intervals than
typical clogging time.
Consider a larger catheter size.
Teach self-irrigation.

Bladder spasms Avoid kinked tubing.
Ensure a steady flow and keep the drainage bag
below the level of the bladder.
Consider initiation of an anticholinergic or
β-3 agonist agent or intravesical botulinum toxin
injection.

Catheter-associated
discomfort/pain

Secure the catheter.
Consider a hydrogel-coated catheter.
Identify and treat any infections.
Consider a course of phenazopyridine
hydrochloride if there are no contraindications.

Urethral erosion and
traumatic hypospadias

Avoid long-term urethral catheter use.
Avoid upsizing catheters or increasing the fluid
volume in the balloon.
Secure the catheter without tension.
Consider alternatives to urethral catheters,
including a suprapubic tube.
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drainage bag is stored above the level of the bladder.16 If bypass
leaking persists after correcting these issues, patients can be treated
with the same oral agents used for overactive bladder, including
anticholinergics and β-3 agonists.27 However, anticholinergics can
sometimes impair a trial of void14 and are associated with constipa-
tion, dry mouth, dry eyes, and the risk of delirium.28 Long-term cath-
eter bypass leaking occurs in 43% of patients29; treatment with
anticholinergics or β-3 agonists will assist with leaking and improve
bladder compliance and reduce the risk of upper tract deteriora-
tion over time.30,31

Many patients with urethral catheters have perineal/vaginal or
penile discomfort with the catheter in place. Hydrogel-coated
latex catheters are softer than silicone and have a less rigid balloon
when deflated compared with silicone and may be preferred for the
ease and comfort associated with removal.30 Catheter secure-
ment is of paramount importance, especially in patients with de-
lirium or altered sensorium, who may be at risk for self-removal
(Figure 3). Securement prevents irritation during ambulation and
reduces the risk for inadvertent dislodgement, which may be trau-
matic if the balloon remains inflated.16 Dysuria and burning from a
catheter can be treated acutely with phenazopyridine hydrochlo-
ride, which will turn the urine orange and should be used with
caution in those with renal dysfunction.

Urethral Erosion and Traumatic Hypospadias
In the long term, urethral catheters may cause urethral erosion
in both female and male patients (Figure 4).32 Those at risk for
urethral erosion typically have a catheter in place for months to
years. Other risks for erosion include lack of catheter securement,
reduced or absence perineal sensation (eg, in the context of spinal
cord injury), prolonged sitting, and/or altered cognition.30 Also,
larger-bore catheters increase pressure on the tissue, which
results in more bladder neck and urethral erosion. Over time, men
present with a hypospadiac-appearing meatus that can progress to
an entire filet of the penis due to pressure erosion (Figure 4A). This
is typically irreparable except in very specific circumstances, and the
key to effective management is prevention. In female patients, the
presentation is more subtle (Figure 4B and C). They often present
with leakage around the catheter, and a common erroneous ap-
proach is to upsize the catheter, which results in further erosion until

they expel the balloon inflated via the urethra, which often prompts
filling the balloon with more fluid. Both maneuvers may exacer-
bate the problem, which is pressure necrosis of the urethra. Fur-
ther, the larger balloon causes more bladder spasms, with no
reduction in expulsion, and causes more trauma when it occurs.30

Long-term leakage around a catheter is often the first sign of ero-
sion and a signal that the urethral catheter needs to be removed or
replaced with another mechanism for bladder drainage, such as a
suprapubic tube. Any patient with a long-term indwelling catheter
should have the meatus examined at longitudinal intervals.32,33

An early transition to a suprapubic tube in those patients not
expected to recover voiding function will often resolve the dam-
age. A suprapubic tube is the best choice for most patients who
will require long-term bladder drainage assistance, since the supra-
pubic route is generally more comfortable32 and preferred by most
patients, given it is not associated with urethral erosion. Further, the
tube and balloon inhabit the bladder dome, a much less sensitive
location in the bladder than the trigone, the commonly contacted
area of a urethral catheter. Also, when using suprapubic tubes to
reduce catheter clogging, tubes are often upsized to 20F or 22F
without any risk of catheter discomfort, and the larger lumen can
improve drainage compared with the recommended 14F or 16F
urethral catheter.

Urethral erosion may lead to intractable incontinence and its
sequelae, including decubitus ulcers and skin breakdown. In
certain conditions, the incontinence can be halted with a pubovagi-
nal sling and suprapubic tube placement34 or a surgical urethral
closure and suprapubic tube.35 However, if the erosion has com-
pletely eroded the urethra to the pubic bone, the only solution is
urinary diversion, for example, with an ileal conduit.

Team-Based Prevention and Alternatives
to Catheterization
Long-term indwelling catheters are best managed by a catheter
care team. Many models have proven effective and provide assis-
tance to patients with catheters.30 One of the cornerstones of
CAUTI risk reduction is removal of the catheter as soon as it is no
longer needed.36,37 The timing of removal will depend on the

Figure 4. Complications From Prolonged Indwelling Catheterization

Urethral erosion in a male patientA Urethral erosion in a female patientB Urethral erosion in a female patientC

In the male patient (A), urethral
erosion may ensure leading to a
penile defect. This defect can
progress over time and may
ultimately involve the entire penile
shaft. In the female patient (B and C),
the urethral erosion may be more
subtle, but ultimately it may lead to
incontinence per urethra even
despite suprapubic catheterization.
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indication for Foley catheter placement. For example, in general an
episode of acute retention can be treated with 3 to 14 days of blad-
der decompression with Foley catheter and then a trial of void.
In male patients, tamsulosin, 0.4 mg, daily for at least 3 days can
increase the chances of a successful trial of void and should be
started at the time of Foley catheter insertion38 unless there are
contraindications. In patients with long-term retention, clean inter-
mittent catheterization is the gold standard bladder drainage
management.33

Management of incontinence in hospitalized men can be
performed with a condom catheter, a body-worn urinal attached to
the penis collecting urine without instrumenting the urinary tract.
Newer strategies are increasingly being used for continence man-
agement of patients who are bedbound. For example, PureWick
catheters, available for both men and women, use wall suction to
wick away urine.39,40 These can be obtained for home or inpatient
use. UTIs that occur while using these devices are not considered
CAUTIs because there is no indwelling catheter present, and these
devices have been commonly adopted in hospitals. Individuals
who are being managed with an indwelling catheter solely for uri-
nary incontinence should be referred to the urologic service, given

that their incontinence may be more optimally managed with
another modality or intervention. In individuals with a long-term
need for bladder drainage assistance, a suprapubic tube or inter-
mittent catheterization is preferable to an indwelling catheter when
duration is longer than 5 days.41

Conclusions
Indwelling catheters are an important tool in the management of
retention both in the short-term and long-term care of patients. To
avoid urethral injury, proper insertion technique should be used.
Patient comfort can be maximized with careful catheter care.
Complications such as infection, bladder and urethral discomfort,
encrustation, and urethral erosion can be minimized by only using a
catheter for the minimum amount of time needed; even better is to
avoid catheter placement when there are less invasive options.
The statement and issue published by the American Urological
Association title “Indwelling Urinary Catheter Management of the
Acute Patient”14 is available online; it includes many toolkits and
resources for clinicians.
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