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Abstract:  

Urinary incontinence is a fairly common problem in neutered female dogs with a prevalence of 5 – 20 

%. There are different causes behind urinary incontinence that are divided into being of either 

neurogenic or non-neurogenic origin that can either be congenital or acquired. The most common type 

of incontinence in neutered female dogs is urethral sphincter mechanism incompetence (USMI) with a 

prevalence of up to 60 %. 

Despite having been researched for nearly 40 years neither the etiology nor pathophysiology of USMI 

are completely understood. While an estimate of 75-97% of medically treated dogs respond to 

medication, USMI can become refractory over extended periods of medical administration. There are 

also some cases where medical management isn’t an option due to contraindicative illnesses or 

severe side effects from the medicine. Some owners also find it too laboursome to administer lifelong 

medication thrice a day. 

Injecting bulking agents into the lumen of the urethra is a way of regaining continence through 

increased urethral resistance. It’s a minimally invasive technique with minimal side effects and high 

continence rates. However, the effect can be passing, and additional medication might be needed.  

More invasive surgical techniques are colposuspension, urethropexy, artificial sphincters and different 

transpelvic sling techniques. These are associated with lower continence rates, more side effects and 

longer recovery times. None of these options, however, have been successful in treating all dogs.  

In this literature review I strive to collect the available information on USMI focusing on the treatment 

when medication is insufficient, with special focus on bulking agents. I hope to form a better 

understanding of the disease and to be able to highlight the areas in need of further studies, so that 

more treatment options to resolve USMI could be developed. There needn’t be one treatment to cure 

them all, however there should be a more systematic approach to diagnosing USMI in order to 

facilitate the recognition of the best course of treatment for each dog. 
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Sammandrag:  

Urininkontinens är ett förhållandevis vanligt problem hos steriliserade tikar med en prevalens mellan 5 

– 20 %. Det finns ett flertal bakomliggande orsaker för urininkontinens. De indelas ofta i att vara av 

antingen neurogent eller icke neurogent ursprung och de kan antingen vara medfödda eller 

förvärvade. Den vanligaste orsaken bakom urininkontinens hos steriliserade tikar är otillräcklig uretral 

sfinktermekanism (USMI) med en prevalens upp till 60%.  

USMI har undersökts hos hundar i snart 40 år men fortsättningsvis är etiologin och patofysiologin 

delvis okända. I första hand ges läkemedelsvård, där ca 75–97 % av fallen svarar på medicinen, men 

återfall kan inträffa efter en längre period av läkemedelsadministration.  

Läkemedelsvård är kontraindicerad ifall hunden samtidigt lider av en sjukdom där förhöjt blodtryck 

förvärrar tillståndet eller ifall biverkningarna av medicinerna är märkbara. En del av ägarna finner det 

även för arbetsdrygt att administrera läkemedel tre gånger dagligen för resten av hundens livstid.  

Periuretral injektionsbehandling av bulkmedel är ett minimalinvasivt ingrepp med få biverkningar. 

Behandlingen har gett goda resultat då den förstärker sfinktern och därav minskar inkontinensen. 

Verkan är å andra sidan ofta kortvarig och tilläggs läkemedel kan behövas för att uppnå kontinens. 

Förutom de minimalinvasiva ingreppet finns det även mer invasiva alternativ, så som 

colposuspension, uretropexi, slyngbehandling och proteskirurgi i form av en artificiell sfinkter. Dessa 

alternativ har sämre resultat, mer allvarliga biverkningar och längre återhämtningstider. Inga av dessa 

ovannämnda alternativ har ändå lyckats bota inkontinensen hos alla hundar. 

I denna litteraturöversikt eftersträvar jag att samla tillgänglig information av USMI där läkemedelsvård 

inte räcker till, speciellt med fokus på bulkmedel. Jag hoppas kunna skapa en bättre förståelse för 

ämnet och att kunna lyfta fram områden som kräver vidare forskning för att kunna utveckla bättre 

botemedel för USMI. Det är inte nödvändigt med ett enda vårdalternativ för att bota alla, men det finns 

ett behov för ett mer systematiskt tillvägagångsätt för att diagnostisera hundar med USMI och för att 

hitta det bästa vårdalternativet för var och en. 
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1 INTRODUCTION 
 

Urinary incontinence is a fairly common problem in neutered female dogs. The prevalence 

ranges from 5.1 – 20 % (Arnold et al. 1989a, Thrusfield et al. 1998, Forsee et al. 2013) and is 

around 19 % in Finland (Nurminen 2008). Urinary incontinence is defined as the 

unintentional outflow of urine during the storage phase of the urinary cycle. Incontinence can 

be of varying degree but what is frequently seen is times of normal urination combined with 

either sporadic or constant dribbling of urine (Acierno & Labato 2019). The causes for 

urinary incontinence are often divided into being of either neurogenic or non-neurogenic 

origin and can be either congenital or acquired (Chew et al. 2011) and in some dogs there 

might be a combination of problems causing the incontinence (Lane et al. 1995).  

 

The most likely reason behind urinary incontinence in neutered female dogs is urethral 

sphincter mechanism incompetence (USMI), affecting up to 60% of incontinent dogs 

(Krawiec 1988, Holt 1990a, Acierno & Labato 2006). Typically, USMI occurs in middle 

aged, neutered female dogs, but also younger and intact females and male dogs can be 

affected (Ling 1995). Typical symptoms are described as passive dribbling of urine that is 

most obvious when the animal is lying down or asleep (Holt 1985a). The diagnosis of USMI 

is often one of exclusion and is based on signalment, history, thorough physical and 

neurological examination, laboratory testing and imaging if necessary (Fischer & Lane 2011). 

A medical trial is often performed due to the relatively high drug safety, the high prevalence 

of USMI and typical clinical signs of the dog (Acierno & Labato 2019). Urodynamic testing, 

however, is considered the golden standard for a definitive USMI diagnosis but isn’t readily 

available in most places (Chew et al. 2011).  

 

Medication, with the first line of choice phenylpropanolamine (PPA), leads to resolved 

incontinence in 75 – 97 % of the dogs (Arnold et al. 1989, White & Pomeroy 1989, Claeys et 

al. 2011) but recurrence of incontinence is seen after extended periods of drug administration 

(White & Pomeroy 1989). Medication is contraindicated if the dog suffers from a condition 

where hypertension should be avoided, or if it causes severe drug related side effects in the 

dog (Burgherr et al. 2017). Some owners also find it difficult to administer lifelong 

medication several times daily (Pelio et al. 2021). Therefore, other treatment options beyond 

medication need to be explored. 
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USMI has been studied in dogs for nearly 40 years (Holt 1985b) but what is known today is 

that it’s a multifactorial problem (Noël et al. 2010a) where neither the etiology nor 

pathophysiology is entirely understood (Barth et al. 2005, Byron et al. 2011). There isn’t a 

treatment option that works for all dogs either (Owen 2019) which is especially problematic 

since pets soiling the house was among the top 10 reasons for giving up the pet or euthanizing 

it (in 9.5 % of all cases) (Salman et al. 2000). I will outline what is known about the etiology 

and pathophysiology of the disease, different treatment options including medication, 

injection of bulking agents and different surgical options in order to provide clinicians with an 

overview and a more systematic approach to diagnosing and treating USMI. 
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2 LITERATURE REVIEW 
 

2.1 ANATOMY AND PHYSIOLOGY OF THE LOWER 

URINARY SYSTEM 
 

2.1.1 Anatomy and of the lower urinary system 
 

The anatomy of the lower urinary system includes the detrusor muscle of the bladder, the 

ureterovesicular junction, the trigone area, the internal urethral sphincter (IUS) the external 

urethral sphincter (EUS) and the urethra.  The IUS consists of a circular formation of smooth 

musculature that is continuous with the smooth muscle fibers of the detrusor muscle around 

the bladder. The EUS consists of striated musculature (Elliot et al. 2017). The relevant 

anatomy of the lower urinary tract is presented in Fig. 1. 

 

 

Figure 1 represents the key anatomical parts of the lower urinary system. Picture adapted from Elliot et al. 

(2017). 

 

2.1.2 Physiology of micturition 
 

The urinary cycle can be divided into two separate phases: the filling and the voiding phase 

(Moreau 1982). The sympathetic nervous system is responsible for the retention of urine by 

controlling of the hypogastric nerve as well as inhibiting the parasympathetic nervous system 
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(Fischer & Lane 2011). The hypogastric nerve’s preganglionic neurons are located at L1 and 

L2-L4 (Purinton & Oliver 1979). Sympathetic stimulation happens via norepinephrine 

through the beta-adrenergic receptors in the bladder and alpha-adrenergic receptors in the 

bladder neck and urethra (Miller 2005). The parasympathetic nervous system controls 

micturition through the pelvic nerve. The preganglionic neurons are located between S1-S3 

(Purinton & Oliver 1979). The parasympathetic stimulation happens via acetylcholine, and 

cholinergic receptors can be found on the bladder body and neck (Miller 2005) presented in 

Fig. 2. 

The sympathetic nerves mix with parasympathetic fibers in the pelvic plexus (Fenner 1993). 

Sympathetic alpha- and beta-adrenergic postganglionic synapses are found at the level of the 

detrusor muscle, for the most part in the trigonal area, and on the neurons of the pelvic 

ganglia (Moreau 1982).  The somatic nervous system is responsible for sensory control 

through the pudendal nerve (Purinton & Oliver 1979) and the released acetylcholine 

stimulates the nicotinic receptors of the striated musculature in the urethra (Miller 2005).   

 

 

Figure 2 adapted from Noël et al. 2010a (reprinted from Acierno & Labato 2006). Sympathetic, 

parasympathetic, and somatic innervation of the bladder and urethra. L1-L2 = first and second lumbar 

vertebrae, S1-S3 = first to third sacral vertebrae, ACh = acetylcholine, NE = norepinephrine, α = alpha-

adrenergic receptors, β = beta-adrenergic receptors. 
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2.1.2.1 The filling or storage phase 

 

As the bladder fills up it naturally distends and the stretch receptors in the walls pass this 

information on through the pelvic nerve to the brainstem where the information is combined 

with conscious information from the forebrain (Moreau 1982). Both the feeling of the bladder 

filling up and the need to urinate is communicated through the pelvic nerve.  The feeling of 

overdistention and pain, however, is passed through the hypogastric nerve. The tonic state of 

the external sphincter during the filling phase of the bladder though, is preserved through the 

pudendal nerve. In conclusion, up to the point that the bladder reaches its maximum capacity 

before the voiding phase is initiated, i.e., its threshold volume, the sympathetic nerve system 

dominates. During this phase, the beta-adrenergic receptors are stimulated to keep the bladder 

relaxed, and the alpha-adrenergic receptors in the bladder neck and urethra stimulate the 

contraction of the internal sphincter so that urine doesn’t escape. Sympathetic nerve system 

domination simultaneously means inhibition of the parasympathetic nerve system (Fenner 

1993). 

 

2.1.2.2 The voiding phase 
 

In the end when the bladder finally does reach its threshold volume, the parasympathetic 

nerve system takes over, inhibiting the sympathetic and somatic nervous systems and the 

voiding phase is initiated. The release of acetylcholine makes the detrusor muscle contract 

and stimulate the muscarinic bladder receptors.  The voluntary control of micturition happens 

through the pudendal nerve that controls the urethral striated musculature. During micturition 

the inhibition of the pudendal nerve occurs so that the urethral muscle relaxes, and urine can 

pass through (Fenner 1993). 
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2.2 DIFFERENTIAL DIAGNOSES FOR URINARY 

INCONTINENCE 
 

Incontinence is defined as the unintentional outflow of urine during the storage phase of the 

urinary cycle. Incontinence can be of varying degree but what is frequently seen is times of 

normal urination combined with either sporadic or constant dribbling of urine (Acierno & 

Labato 2019). The most common cause of incontinence in adult dogs is USMI and in young 

dogs it’s ectopic ureters (EU) (Holt 1990a). In a study by Krawiec from 1988 they found that 

the reason behind incontinence in both male and female dogs was USMI in 61%, urge 

incontinence in 23%, overflow incontinence in 6%, paradoxical incontinence in 3% and reflex 

incontinence secondary to UMN lesions in 2% of the dogs, respectively. It’s also noteworthy 

that a dog may have more than one micturition disorder at the same time, making diagnostics 

and treatment even more complicated (Noël et al. 2010a). There are for example cases where 

dogs with EU simultaneously suffer from USMI (Lane et al. 1995). Other differential 

diagnoses of incontinence are polyuria/polydipsia (PU/PD), anatomical or neurological 

abnormalities, detrusor hyperactivity and secondary overflow incontinence due to bladder 

atony or obstruction amongst others (Holt 1990a, Noël et al. 2010a) summarized in Table 1. 

 

2.2.1 Incontinence of neurogenic or non-neurogenic origin 
 

As there are many different possible causes for urinary incontinence. They are often divided 

into being of either neurogenic or non-neurogenic origin and can either be congenital or 

acquired (Chew et al. 2011).  
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Table 1 Differential diagnosis for urinary incontinence in female dogs (Chew et al. 2011, Fischer & Lane 2011, 

Acierno & Labato 2019). 

Origin 

 

Location Cause of urinary incontinence 

Neurogenic 

 

  

Upper motor neuron 

 

 

Brain/brainstem Neoplasia 

Dysautonomia 

Spinal cord Dysautonomia 

Intervertebral disk protrusion 

Fibrocartilaginous infarct 

Neoplasia 

Infectious 

Trauma 

Lower motor neuron  Trauma 

Congenital anomaly 

Reflex dyssynergia  Detrusor-urethral dyssynergia - 

absence of coordination between 

the contraction and relaxation 

phases 

Primary bladder atony  Neurologic disease 

Non-neurogenic 

 

  

Urethral sphincter mechanism 

incompetence (USMI) 

Urethral sphincter Multifactorial  

Congenital or acquired 

Anatomic abnormalities 

 

  

Congenital 

 

 

 

 

 

 

 

 

 

 

 

Ectopic ureter (EU)  

 

 

 

Patent urachus 

 

 

Bladder exstrophy  

 

Female pseudohermaphroditism  

 

Ureterocele 

Congenital 

 

EU, the ureters open straight into 

the urethra and not into the 

bladder 

 

Urine dripping from the abdomen 

from birth 

 

Bladder malformation 

 

Genetic disorder 

 

Congenital swelling of ureter 

 

Congenital or acquired  

 

Urethrorectal fistula  

 

 

 

Urethral diverticulum 

Congenital or acquired 

 

A connection in between the distal 

part of the rectum and the lower 

urinary tract 

 

Sacs forming along the urethra 

Acquired Ureterovaginal fistula  Acquired e.g., after neutering 

Paradoxical (obstructive) Bladder +/- urethra  Anatomical or functional 

obstruction leading to secondary 

bladder atony 

Detrusor overactivity / urge 

incontinence associated with 

UTI or inflammation 

Bladder Mostly secondary to infection or 

inflammation 
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Intrapelvic bladder  Possibly due to an increase of 

pressure solely on bladder but not 

on the bladder neck or urethra  

Secondary bladder atony  Medication or muscle weakness/ 

damage due to overdistention 

caused by an obstruction for 

example 

 

 

2.2.2 Clinical evaluation of dogs with urinary incontinence 
 

When diagnosing a dog with USMI there are a few key points to consider. These are 

signalment, history of intermittent incontinence, particularly while resting or relaxed, and 

exclusion of other causes of incontinence. So as with all dogs presenting with a problem, a 

thorough anamnesis and physical exam should be performed (Fischer & Lane 2011). To find 

any anatomical causes of incontinence, for example EU, a detailed diagnostic approach is 

needed. In most dogs however, diagnosing USMI and detrusor hyperactivity remain 

diagnoses of exclusion. Treatment of incontinence due to neurological abnormalities, PU/PD, 

and urinary tract infection or obstruction should be focused on treating the underlying cause 

of the condition (Owen 2019). 

 

2.2.2.1 Signalment 

 

Congenital disorders are usually noticed in young animals. To exclude congenital causes an 

important thing to consider is the age of the dog and the age at the onset of incontinence, as 

some owners might not seek veterinary help immediately when the symptoms are noticed 

(Chew et al. 2011). Some owners might only notice the incontinence at an age where the 

juvenile dog is expected to be fully house trained. In about half of the juvenile female dogs 

experiencing incontinence, it resolves after their first heat (Holt 1985a, 1990a). A study found 

that young dogs, however, are much less likely to be incontinent compared to older ones. 

Older female dogs are more likely (odds ratio of 3.1-23.8) to be incontinent. Size also matters, 

as female dogs weighing over 10 kg are 3.7 times more likely to be incontinent than dogs 

under 10 kg (de Bleser et al. 2011). In short, dogs that are incontinent are usually middle-

aged, medium to large breed (over 10-15 kg), neutered and female. Still, incontinence and 

incontinence caused by USMI specifically, does occur in intact females and males as well.  
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A large study concluded that the prevalence of urinary incontinence in a population of over 

100,000 female dogs was 3.14 % (O’Neill et al. 2017). For neutered female dogs the 

prevalence ranges from 5 – 20 % (Arnold et al. 1989a, Thrusfield et al. 1998, Forsee et al. 

2013). The prevalence of USMI, specifically, in intact female dogs is around 0.2-0.3 % (Holt 

& Thrusfield 1993) and the prevalence in neutered female dogs has been reported to be 

around 3 – 5 % (O’Neill et al. 2017), but even as high as 20.1% (Arnold et al. 1989a). USMI 

is quite rare in male dogs and occurs in under 4% of all incontinent male dogs (Holt 1999).  

In addition, there are some breeds that have a predisposition including Springer spaniels, 

Rottweilers, Giant schnauzers, Old English sheepdogs, Weimaraner’s, Irish setters, Boxers, 

and Doberman pinschers (Fischer & Lane 2011, White 2001). Other predisposing factors are 

urethral tone and length, bladder neck position, docked tail and obesity (Holt 2008).  

 

2.2.2.2 History 

 

The history is very important in the diagnostics of USMI. Typically, dogs have different 

degrees of severity of intermittent or continuous urinary incontinence (Fischer & Lane 2011), 

but the incontinence usually worsens when the dog is laying down or when the pressure on 

the abdomen increases for instance, when the dog gets exited, barks or coughs (Holt 1985a). 

It’s also important to recognize that USMI usually entails a loss of voluntary control of 

micturition for the animal meaning they usually don’t take a typical position for urination 

when the urine leakage occurs (Chew et al. 2011). There are five- and ten-step continence 

scores that can assist in determining the level of incontinence and to assess possible 

improvement in continence. 

 

The five-step continence score as described by Byron et al. (2007): 

Continence score 1 Dog is never continent. Dribbles urine when awake as well as when sleeping. Constantly 
leaves urine on surfaces when getting up from a sitting or recumbent position. 

Continence score 2 Poorly continent. Dog urine soils where it has been sleeping >50% of the time. Dribbles 
urine or has a wet perineum when awake 25–75% of the time. 

Continence score 3 Dog urine soils where it has been sleeping >50% of the time. Dribbles urine or has a wet 
perineum when awake up to 25% of the time. 

Continence score 4 Dog urine soils where it has been sleeping up to 50% of the time but does not dribble or 
have a wet perineum when awake. 

Continence score 5 Dog is always continent. 
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The ten-step continence score as described by Gomez et al. (2007), Delisser et al. (2012) and 

Hoey et al. (2021): 

Continence score 1 Incontinent all the time, constantly dribbling urine 

Continence score 2 Incontinent all the time with some periods of continence during the day 

Continence score 3 Incontinent all the time with longer periods of continence during the day 

Continence score 4 Occasional incontinence during the day. Every day. 

Continence score 5 Incontinent more than once during the day 

Continence score 6 Incontinent more than once during the week 

Continence score 7 Incontinent more than once during the month 

Continence score 8 Continent almost all the time with incontinent episodes no more than once a month 

Continence score 9 Continent almost all the time with incontinent episodes only a few times a year 
(seasonal) 

Continence score 10 Completely continent 

 

Other urine related issues such as nocturia, pollakiuria, polyuria/polydipsia (PU/PD), and 

behavioral issues, can be confused for incontinence by owners (Acierno & Labato 2019) and 

measurement of water intake is an important step in the exclusion of PU/PD (Owen 2019). 

It’s also important to ask if there are any signs of hematuria, stranguria or dysuria that could 

be a sign of urinary tract inflammation or infection (UTI), or a partial obstruction of the 

urinary tract. It’s also important to know if the animal has had any previous surgery or trauma 

that could have damaged the urinary tract in any way. Previous or ongoing medications, and 

the response to them or lack of response to them can also give us further clues to the reason 

behind the incontinence (Chew et al. 2011). 

 

2.2.2.3 Physical examination 

 

The physical examination for dogs with USMI is usually without abnormal findings (Fischer 

& Lane 2011). In females the perineal region should be checked for wetness or foul odor and 

a vaginal digital examination should be performed to assess if there are any masses in the 

vestibule or external urethra. The urethra can also be evaluated through a rectal examination 

to exclude any palpable masses or obstructions (Chew et al. 2011).  

Non-neurogenic causes are associated with a small to normal-sized bladder. The bladder 

should be palpated to evaluate if there’s any pain present before and/or after micturition.  If 
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the bladder is still large after voiding it suggests possible urine retention. A catheter can be 

placed to rule out intraluminal obstructions and to measure residual urine volume after 

micturition. A volume of above 0,4ml/kg suggests a partial obstruction or functional disability 

to empty the bladder. A further recommendation is to observe the animal urinating to assess 

the dog’s ability to initiate a stream, the size of the stream and if the flow is constant or not 

and if there’s any sign of pain (Chew et al. 2011). 

 

2.2.2.4 Neurological examination 

 

A neurological assessment should be done to exclude incontinence due to neurological origin 

(Fischer & Lane 2011). Non-neurogenic causes of incontinence are more common than 

neurogenic ones and to make this distinction a thorough neurological examination should be 

performed where the function of the cerebrum, brainstem and spinal cord should be assessed 

with special attention to the local sacral reflex arc. The first step in ruling out neurological 

causes of urinary incontinence is the assessment of the anal tone, as poor tone may be a sign 

of a lower motor neuron (LMN) bladder. Second, the clitoris, or bulbus glandis in males, 

should manually be pressed to assess the bulbocavernosus reflex that causes a contraction of 

the anal sphincter through the pudendal nerve. Third, the perineal reflex should also be 

evaluated by touching or carefully pricking the perineum that, when normal, causes the anal 

sphincter to contract and the dog to press its tail downwards in between its legs (Chew et al. 

2011).  If the incontinence is of non-neurological origin the neurological exam will be normal 

and further examinations including blood and urine tests and diagnostic imaging should be 

made. If there are abnormalities in the neurological exam further neurological diagnostics is 

necessary. 

  

2.2.2.5 Laboratory testing 

 

The diagnosis of USMI is, in part, one of exclusion. Therefore, the many differential 

diagnoses for PU/PD including chronic renal failure, infections and systemic disease amongst 

others, must all be excluded. The minimum database for dogs suffering from incontinence is 

urinalysis, including urine specific gravity and a urine culture. This is to rule out urinary tract 

infections and to ensure normal function of the kidneys. The urine sample should be obtained 
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through cystocentesis. In addition, a complete blood account and chemistry panel to rule out 

systemic disease should be performed (Applegate et al. 2018, Chew et al. 2011).  

It is, however, possible that dogs present with multiple problems as for example 83% of 

female dogs suffering from EU also have a history of urinary tract infections. The infection 

must be treated and preferably eliminated before further testing (Berent et al. 2012) and if the 

incontinence persists further examinations are needed. The next step is either empirical 

medical treatment if the case seems straightforward or imaging of the urinary tract (Owen 

2019, Reichler & Hubler 2014). 

 

2.2.2.6 Diagnostic imaging 

 

Ultrasonography can be used to exclude masses, calculi, and anatomical abnormalities (Chew 

et al. 2011). EU can be excluded by administering either IV fluids or diuretics and then 

observing the jets of urine entering the bladder through the ureters, with the help of Doppler 

sonography (Reichler & Hubler 2014). According to one study EUs were identified via 

ultrasonography in 91% of the cases, the same amount that was identified using contrast 

radiography (Lamb & Gregory 1998). It is however important to note that ultrasound, as a 

diagnostic tool, is highly operator dependent (Owen 2019).  

Radiographs of the abdomen are taken to evaluate the position of the bladder (intra-pelvic or 

not), the size of the bladder (small, normal, enlarged), the shape of the bladder (is it normal 

and is the vesicourethral junction distinguishable) and if there are any radiopaque bladder 

stones present (Chew et al. 2011). Incontinent female dogs are likely to suffer from an 

intrapelvic bladder neck where the location in continent dogs is intra-abdominal (Holt 1985a). 

The length of the urethra can be measured in the radiographs as a shortened urethra in 

incontinent dogs has been observed, but how and if this effects urinary incontinence remains 

unknown (Holt 1985a, Wang et al. 2006).  

In addition, contrast radiography is helpful in excluding radiolucent bladder stones and 

anatomical abnormalities such as ectopic ureters, dilatation of the ureters, or dilatation of the 

renal pelvis. Cystography and urethrography can be used to exclude or verify the presence of 

masses, radiolucent bladder stones and anatomical abnormalities such as an intra-pelvic 

bladder, urethral diverticulum or urachal remnant for example (Chew et al. 2011).  
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Computer tomography (CT) is a good option when other appropriate diagnostic tools haven’t 

helped us reach a diagnosis. It has also been used in differentiating intramural from 

extramural ureters in dogs with EU.  CT has become progressively common in small animal 

veterinary medicine due to increased availability and affordability. Its advantages are that it’s 

quite accurate and non-invasive (Samii et al. 2004). However, it’s still quite expensive and a 

drawback is that it’s not possible to treat the dog in combination with the findings (Owen 

2019) as with cystoscopy for example (Berent et al. 2012). 

Another diagnostic tool is urethrocystoscopy/cystourethroscopy that enables us to visualize 

the lower urinary tract. It is the golden standard for diagnosis of EU in female dogs. 

Additionally, it is suitable for evaluating the bladder, urethra, vestibule and vagina and can be 

used to identify masses, abnormal ureteral openings, and other anatomical abnormalities 

(Chew et al. 2011). It’s also useful for further diagnostics if a diagnosis hasn’t been reached 

through more routine diagnostics such as urinalysis, urine culture, blood work, 

ultrasonography and radiography (Morgan & Forman 2015).  The benefit of cystoscopy is that 

minimally invasive treatment procedure can be done at the same time as diagnostics. For 

example, injection of bulking agents for dogs with USMI, (Arnold et al. 1989b) or with EU 

(Berent et al. 2012). Diagnostic options for different causes of incontinence of non-

neurogenic origin are summarized in Table 2. 
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Table 2 Diagnostic options for non-neurogenic differential diagnoses for incontinence (Chew et al. 2011). 

Diagnostics Non-neurogenic incontinence differentials  

 

Ultrasonography 

 

Bladder stones 

Anatomical abnormalities e.g., EU, 

masses 

 

Radiography Obstructions 

Radiopaque bladder stones 

Determination of bladder position (intrapelvic 

or not) size, shape (vesicourethral junction 

distinguishable or not) 

 

Contrast radiography Radiolucent bladder stones 

Intrapelvic bladder 

Anatomic abnormalities e.g., EU, ureteral 

dilatation, dilatation of renal pelvis, 

ureterocele 

 

 

Cystography and urethrography 

 

 

Anatomic abnormalities (e.g., urachal 

remnant, urethral diverticulum,) and masses 

or radiolucent calculi in the bladder or urethra 

 

Urethrocystoscopy Evaluation of vestibule, vagina, urethra, and 

bladder and identification of abnormalities in 

these e.g., abnormal ureteral openings, 

masses, urachal diverticulum 

 

CT Differentiating intramural from extramural 

ureters in dogs with EU and a tool for further 

diagnostics when diagnose remains open or 

uncertain 

 

Urodynamic testing to verify 

diagnosis 

 

Medical trial for probable 

diagnosis 

 

Urinalysis, blood analysis,  

diagnostic imaging to exclude 

other causes of incontinence  

Urethral sphincter mechanism incompetence 

(USMI) 

 

 

 

2.2.2.7 Medical trial 

 

Empirical testing of medication is commonly used in neutered female dogs since the 

symptoms are quite easily defined, the prevalence of urinary incontinence is fairly high, and 

the medicine is relatively safe (Acierno & Labato 2019). In the case of acquired incontinence, 

a presumptive USMI diagnosis of is often made based on a response to medical treatment. If 
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the incontinence improves or resolves with medication, it supports the diagnosis (Gregory 

1994). Different medical management options of USMI are covered in Chapter 2.4. 

 

2.2.2.8 Urodynamic testing 

 

The only way to confirm an USMI diagnosis is through urodynamic studies where a 

cystometrogram (CMG) and urethral pressure profile (UPP) measurements are taken (Richter 

& Ling 1985, Holt 1988). Urodynamic testing is therefore considered the golden standard for 

a definitive USMI diagnosis. To be able to perform urodynamic testing the dog must be 

anesthetized according to a specific anesthetic protocol so that the measurements are reliable. 

As previously stated α-adrenergic receptors influence the urethral tone, and therefore α-

adrenergic blocking agents should not be used. Instead, the dog should be directly sedated and 

kept under anesthesia with the help of a continuous IV propofol, infusion rates ranging from 

0.82 to 1.38 mg/kg/min. The recommended rates are quite high since the dogs do not receive 

any premedication i.e., sedatives (Hamaide et al. 2003).  

In the cystogram the bladders response to being filled with fluid or carbon dioxide (CO2) is 

measured (Chew et al. 2011) and it can give information about bladder threshold pressures 

and volumes as well as information on detrusor capacity and elasticity (Goldstein & Westropp 

2005). The idea behind the UPP on the other hand is to trace the pressure inside the urethra 

(Chew et al. 2011).  A specialized catheter is inserted into the bladder and pulled out at 

constant speed while taking pressure measurements along the way, in the bladder, in the 

bladder neck and in the urethra. This creates a specific urethral pressure profile for the dog, 

with curves representing both the urethral closure pressure and urethral functional length. 

These graphs allow us to see whether the pressure exerted by the urethral sphincter is 

sufficient to prevent leakage, as well as if the length of the functional urethra is normal 

(Acierno & Labato 2019). A significant decrease in maximum urethral closure pressure 

(MUCP) and in functional profile length (FPL) is observed in dogs with USMI compared to 

continent dogs (Holt 1988) shown in Figure 3. 

Yet, while being the golden standard for diagnosing USMI, urodynamic studies are not 

readily available as they require technical expertise and special equipment. Taking this into 

consideration together with previous options in diagnosing USMI, urodynamic studies are not 
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necessary for reaching a probable diagnosis and treatment option for most dogs with urinary 

incontinence (Chew et al. 2011). 

 

 

 

Figure 3 The ideal UPP for a female dog. The parameters that are used for evaluating UPP are MUCP and FPL as shown in 
the picture adapted from (Rosin et al. 1980). 

 

2.2.2.9 Decision tree for diagnosing urinary incontinence in the female dog  

Here the steps to diagnosing urinary incontinence in the female dog are summarized. 

 

 

 

Figure 4 Diagnosing urinary incontinence in the female dog. Starting at the top box in the middle, following the 

bolded arrows leads to a USMI diagnosis. Other differential diagnoses are bolded. Adapted from (Reichler & 

Hubler 2014). 

MUCP MUP 
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2.3 PATHOPHYSIOLOGY OF URETHRAL SPHINCTER 

MECHANISM INCOMPETENCE  
 

USMI can occur in both male and female dogs, neutered or intact, but the vast majority of the 

dogs suffering from USMI are neutered and female. USMI usually occurs 3-4 years after 

neutering, but the mechanisms by how these two are related remains uncertain.  USMI is a 

multifactorial problem, where the exact pathophysiology is unknown (Noël et al. 2010a). 

Different proposed underlying mechanisms and risk factors include sterilization and the 

timing of sterilization, hormonal abnormalities, structural abnormalities and functional 

abnormalities (Reichler et al. 2005, Applegate et al. 2018). 

 

2.3.1 Sterilization and timing of sterilization   
 

There is a relationship established between neutering and USMI, where 82 – 90 % of female 

dogs that have USMI are neutered (Holt 1985a, 1990). Neutering is therefore considered to be 

the most important risk factor in the development of USMI in female dogs. In a study that 

compared 310 neutered to 195 intact female dogs, 20 % of the neutered dogs started having 

involuntary loss of micturition after being neutered, compared to only 2 % of the intact ones 

(Reichler et al. 2005). One study that compared neutered female dogs to intact ones, found the 

risk for developing USMI to be 2.2-fold (O’Neill et al. 2017) and another found the risk to be 

eight-fold (de Bleser et al. 2011). However, the surgical method chosen i.e., ovariectomy 

(OE) or ovariohysterectomy (OHE), has not been found to affect the risk of developing USMI 

(van Goethem et al. 2006).  

In a study on 202 neutered incontinent female dogs with a control group of 168 neutered 

continent female dogs no significant association between early neutering and incontinence 

was found. However, there was a predisposition that early neutered female dogs were less 

likely to be incontinent, consequently decreasing the risk for USMI (de Bleser et al. 2011). 

Similar results were found in a study examining previous journal articles on the association 

between USMI and neutering, and age at neutering. They found that the evidence was not 

strong or consistent enough to make actual recommendations on the impact of neutering or 

age of neutering on the risk of urinary incontinence (Beauvais et al. 2012). However, there 

seems to be some consensus that most dogs develop incontinence, most of which are due to 
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USMI within 3 - 4 years after neutering, but clinical signs can also be seen immediately or up 

to 10 years after neutering (Fischer & Lane 2011). 

 

2.3.2 Hormonal abnormalities 
 

There are estrogen receptors in the urethra that increase the sensitivity of alpha-receptors to 

catecholamines, therefore a deficiency in estrogen will alter the urethral tone and impact 

urinary sphincter competence (Reichler et al. 2004). While this could be a plausible 

explanation, intact female dogs have similar levels of estrogen in-between their heats as 

neutered ones without suffering from urinary incontinence (Richter & Ling 1985). 

Additionally, estrogen supplementation doesn’t work in all cases of USMI with one study 

showing that 35 % remained incontinent after treatment (Mandigers & Nell 2001). 

Another theory is that the increased levels of luteinizing hormone (LH) and follicle-

stimulating hormone (FSH) after neutering play a role in the development of USMI. Some 

dogs have benefited from the administration of gonadotropin analogues (GnRH), but no 

connection has been found between gonadotropin levels and changes in the urethral pressure 

profile (Reichler et al. 2003). GnRH is therefore suggested to be helpful because of its effect 

on increasing bladder capacity (Reichler et al. 2006).  

Prostaglandins play a role in regulating bladder tone and controlling micturition reflexes. 

Therefore, a further theory is that the decreased local cyclo-oxygenase-2 expression in the 

lower urinary tract might impair normal function and therefore play a role in the development 

of USMI (Ponglowhapan et al. 2009). 

 

2.3.3 Structural abnormalities 
 

In neutered female dogs we see a decrease in the thickness of smooth muscle in the bladder 

and urethra.  There have been conflicting results in the amount of collagen, but according to 

more recent studies we’ve seen an increase in the levels of collagen, resulting in an increased 

collagen to muscle ratio in the bladder and urethra in neutered female dogs (Ponglowhapan et 

al. 2009). It is thought that this loss of muscle and increase of collagen could impair the 

function of the lower urinary tract and possibly contribute to the weakness of the urethral 

closure mechanism (Noël et al. 2010a). In addition, shorter urethral lengths are seen in 
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neutered dogs compared to intact ones. This is thought to contribute to an intra-pelvic bladder 

modifying UPP (Arnold et al. 1989a, Reichler et al. 2004). In one study on 100 female dogs 

(89 % neutered) suffering from USMI, 78 % of the dogs had an intrapelvic position of the 

bladder neck (White 2001). In addition, obesity and tail docking has been associated with 

USMI (Holt 2008) where tail docked female dogs are 3.8 more likely to be incontinent 

compared to undocked ones (de Bleser et al. 2011). 

 

2.3.4 Functional abnormalities  
 

Even with dogs that remain continent, there’s a drop in UPP within one year of neutering, but 

if the pressure drops below a certain point, it’s believed to lead to incontinence (Richter & 

Ling 1985, Reichler et al. 2004). An example of a functional abnormality is urethral 

hypotonicity that occurs in both women and female dogs. Animal models are often used in 

medicine and the treatment of USMI has been adapted from human medicine. Urinary 

incontinence is a fairly common problem in women as well, with stress urinary incontinence 

(SUI) being the most common type. Involuntary leakage of urine when sneezing, couching, or 

during effort is typical for SUI (Abrahams et al. 2003). The urine escapes because the 

intravesical pressure exceeds the maximal urethral closure pressure (MUACP) and there’s an 

absence of involuntary detrusor contractions to prevent this (Ortiz 2004). It is thought that this 

is caused by either an “intrinsic sphincter deficiency” where the urethral wall components 

have been altered or a “hypermobile bladder neck or urethra” where the pelvic floor isn’t 

strong enough to support the bladder in place when a sudden increase in abdominal pressure 

occurs. In humans the role of pregnancy, childbirth, age and obesity have been established in 

the development of SUI, but the role of hysterectomy and menopause has produced 

controversial results (Van der Vaart et al. 2002). In dogs USMI is associated with decreased 

urethral resistance where urine leakage occurs when the intra-abdominal pressure increases, 

for example when the dog barks or is lying down (Holt 2008) but other than that there aren’t 

many similarities. 
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2.4 MEDICAL MANAGEMENT 
 

Empirical testing of medication is commonly used because of the high prevalence of urinary 

incontinence in dogs, quite easily defined symptoms and relatively high safety of the 

medicine (Acierno & Labato 2019). Medical management is usually successful independent 

of the age at neutering or severity of the incontinence (Richter & Ling 1985). Medical 

management of USMI is always recommended before proceeding to more invasive surgical 

options (Applegate et al. 2018). There are a couple of different options available with the 

most common ones either belonging to the alpha-adrenergic agonists or oestrogenic group 

(Noël et al. 2010a). In addition to these, anticholinergics, gonadotropin-releasing hormone 

(GnRH) analogues and immunization have been explored (Reichler et al. 2003 & 2006). 

 

2.4.1 Alpha-adrenergic agonists 

 

2.4.1.1 Phenylpropanolamine 

 

The first line of treatment for USMI is the nonselective alpha-agonist PPA, also known as 

DL-norephedrine, a sympathomimetic amine belonging to the alpha-adrenergic group. The 

pharmacodynamic effects of PPA are still unclear, but it has an effect that mimics the 

stimulation of the sympathetic nervous system. As it affects the alpha-adrenergic receptors 

located in the internal urethral sphincter, it produces a contraction of the bladder neck and 

proximal urethra (Ek 1978) leading to an increase in the urethral closure pressure (Richter & 

Ling 1985). 

PPA is considered to be a better alpha-adrenergic treatment option over ephedrine due to its 

lesser side effects and higher continence rates (Byron et al. 2007). According to Arnold et al. 

(1989) the administration of PPA reached continence in 75 % of the treated dogs, while White 

& Pomeroy (1989) showed results of up to 90% of dogs with USMI becoming continent. 

Other sources state a success rate from between 86% to 97% with PPA in the treatment of 

USMI (Claeys et al. 2011). 

The recommended dose is 1-1.5 mg/kg, per os (PO), administered twice a day (BID) to three 

times a day (TID) to treat USMI (Noël et al. 2010b). However, in a study from 2011, 8 out of 

9 dogs achieved continence with just a single dose of 1.5 mg/kg per day, suggesting that 
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administration once daily (SID) might be sufficient in some dogs (Claeys et al. 2011). Clinical 

improvement is expected to occur within the first 3 - 4 weeks (Carofiglio et al. 2006). It’s 

important to note that recurrence of incontinence is seen after prolonged periods of 

administration with PPA (White & Pomeroy 1989). To dogs suffering of cardiovascular 

disease the administration of PPA should be done with caution as possible adverse effects 

include hypertension, tachycardia, restlessness and anxiety (Noël et al. 2010b), and the use of 

PPA is even considered as contraindicated in diseases where an increase in blood pressure 

should be avoided, such as heart problems, glaucoma and most kidney diseases (Burgherr et 

al. 2017). In case of an overdose, neurological side effects (ataxia, seizures, muscle tremors), 

behavioral changes and gastrointestinal side effects (nausea and vomiting) can occur (Claeys 

et al. 2011). Therefore, monitoring of blood pressure in dogs being treated with PPA should 

be recommended as the medication often is lifelong with potentially increased dosage over 

time (Byron et al. 2017). 

 

2.4.1.2 Ephedrine or pseudoephedrine 

 

Another possible alpha-adrenergic treatment option is ephedrine or its stereoisomer 

pseudoephedrine (Reichler et al. 2006), which is a mixed acting sympathomimetic. The 

administration of ephedrine reached continence in 74 % of the treated dogs and improvement 

of continence in 24 % (Arnold et al. 1989a). A later study concluded that the reported effect 

was between 25 - 75% (Byron et al. 2007). The recommended dose in the treatment of USMI 

is 1-4 mg/kg, PO, BID to TID. Possible adverse effects include restlessness, hypertension, 

tachycardia, excitability and anxiety (Noël et al. 2010b). 

 

2.4.2 Estrogens 

 

2.4.2.1 Diethylstilbestrol 

 

Diethylstilbestrol (DES) is a long-term estrogen that was previously used a lot. One study 

concluded that an improvement in continence, with DES when given solely, was seen in 60 – 

80 % (Fischer 2011). However, there are, even though rare, severe side-effects associated 

with long term estrogens such as bone marrow suppression (Hendriks and Janszen 1998). 
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Because of the potential severe side effects associated with DES, administration should be 

limited to short term estrogens with less severe side effects (De Schepper et al. 1977). In 

addition, DES has been associated with severe side-effects in humans and has been 

recognized as carcinogenic and teratogenic with a general risk for cancer in women exposed 

to DES in utero being about 30% higher than in unexposed women (Troisi et al. 2007). The 

recommended dosage to treat incontinence is 0.1 – 1.0 mg/dog, PO every 3 to 7 days. But the 

availability of DES is low since it’s no longer used in humans (Chew et al. 2011). 

 

2.4.2.2 Oestriol 

 

According Mandigers and Nell (2001) and Hamaide et al. (2006) dogs respond better to 

oestriol than to DES in the treatment of USMI. The reported continence rates are between 65 

– 83 % (Arnold 1997, Mandigers & Nell 2001). The recommended dose for oestriol is 0.5 – 2 

mg/kg, PO, SID (Noël et al. 2010b). The dose should first be given for 5 to 7 days, then every 

other day, and/or reduce the dosage weekly till a minimal effective dose is found (Mandigers 

& Nell 2001). 

Oestriol is a short-acting natural oestrogen with few (Clark & Markaverich 1984) and quite 

mild side-effects including attraction of males, swelling of the vulva and bleeding in-between 

heats i.e., metrorrhagia (Mandigers & Nell 2001) and is rarely associated with bone marrow 

suppression (Hendriks & Janszen 1998). However, caution should be used in the treatment of 

intact female dogs as it does increase the risk of pyometra in these dogs (Mandigers & Nell 

2001). A contraindication for oestrogen is young age since using it in immature female dogs 

can have negative side effects on growth and development related to the negative feedback on 

the hypophysis (Holt 1988). 

 

2.4.3. Anticholinergics and cholinergics 
 

Antimuscarinic drugs, such as oxybutynin is used in the treatment of canine bladder/detrusor 

overactivity (Lane 2000), but not in the treatment of USMI (Noël et al. 2010a). In a study by 

Holt (1984) the anticholinergic agent emepronium bromide was effective in treating USMI in 

one female dog and in treating detrusor instability in two (Holt 1984). The adverse effects for 

both include tachycardia, diarrhea, anorexia, sedation, dry mouth and eyes, mydriasis, 

vomiting, urinary retention, hypersalivation and constipation and the use should be avoided in 
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dogs suffering from cardiac diseases, glaucoma, hypertension or other obstructive uropathies 

(Lane 2000). Bethanechol is a cholinergic that has been used in the treatment of atonic 

bladder. Its side effects include diarrhea, vomiting, anorexia and salivation (Nöel et al.2010a). 

 

2.4.4 GnRH Analogues and immunization 
 

According to Reichler et al. (2003) the use of GnRH analogues resulted in complete 

continence in 7/11 female dogs suffering from USMI. Additionally, the use of a vaccine 

against GnRH also decreased incontinence in some dogs (Reichler et al. 2003). During the 

treatment a decrease in plasma concentrations of FSH and LH was seen but there was no 

noticeable effect on urodynamic values. Additionally, the achieved rates of continence were 

better with PPA. GnRH analogues could be useful in dogs showing serious side effects with 

the use of alpha-adrenergic agonists or in dogs where the medication is contraindicated. No 

side effects of the medication were detected (Reichler et al. 2006). 

 

2.4.5 Combination therapy 
 

A combination of the two drug groups, alpha- adrenergic agonists and oestrogens, has been 

studied with controversial results (Clayes et al. 2011). One study suggested that adding 

oestrogen medication to dogs that do not fully respond to PPA would be helpful as alpha-

adrenergic drugs and oestrogens are synergistic and oestrogen increases the number and 

sensitivity of the alpha-adrenergic receptors (Aaron et al. 1996). However, this study was 

done on male dogs suffering from USMI. On the other hand, a more recent study by Hamaide 

et al. (2006) concluded that a combination of PPA and oestriol presented a decrease in 

urethral resistance already after one week of usage compared to the usage of oestriol alone. 

It’s also been suggested that PPA and GnRH could be used together as an additional treatment 

option when PPA alone is insufficient (Reichler & Hubler 2014). 

 

2.4.6 Outcome after medical treatment 
 

The reported continence rates are usually between 60 – 97 % (Arnold et al. 1989, White & 

Pomeroy 1989, Arnold 1997, Mandigers & Nell 2001, Reichler et al. 2003, Claeys et al. 2011, 

Fischer 2011), which depending on the study, leaves about 3 – 40 % of dogs with unresolved 
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incontinence.  Why then doesn’t the medication work in all cases? These following theories 

have been presented. 

 

2.4.6.1 The problem isn’t USMI 

 

One thought is that it’s possible that it’s in fact not urinary incontinence caused by USMI in 

the first place that we are trying to treat, but some other underlying issue causing the problem, 

therefore when treating it as USMI the treatment is destined to fail (Owen 2019). So, it’s very 

important to diagnose and treat any other underlying disease that may cause symptoms such 

as polyuria and/or related cystitis before treating the condition as incontinence (Richter & 

Ling 1985). These differential diagnoses of USMI were presented in chapter 3. 

 

2.4.6.2 Desensitization of alpha-receptors over time 
 

Recurrence of incontinence has sometimes been seen after prolonged periods of 

administration with PPA (White & Pomeroy 1989). Why this happens is still unknown. A 

possible reason could be a desensitization of the alpha-receptors over time (Callahan & Creed 

1985). However, results are controversial as some authors claim there is no relationship at all 

(Gillberg et al. 1998). Longer follow-up periods and additional research is needed to study 

what causes refractory incontinence (Timmermans et al. 2020). 

 

2.4.6.3 Owner medication adherence 

 

Another issue that shouldn’t be overlooked is the investment required by the owner, both 

monetary and timewise. It can get expensive over time to administer lifelong medicines and 

some owners find that medicating twice or three times daily is quite laboursome. This may 

lead to a lack of motivation on the owner’s part. A study on evaluation of owner medication 

adherence for canine cardiovascular disease by Pelio et al. (2021) can be adapted due to its 

similar nature of multiple medications a day. They found that about one third (30 %) of the 

owners felt that they could consistently administer a maximum of three medications daily. On 

the other hand, almost half of the respondents reported that the highest frequency of 

administration, that could be consistently achieved, was twice daily. What was interesting was 



25 
 

that 23 % of the respondents stated that their pet had at least one other chronic condition that 

required daily medication besides cardiac disease. About 18 % reported that they missed 

medications sporadically, although only one percent said it exceeded 20 % of medications 

weekly. They also concluded that veterinarians should take this into account when planning 

treatment protocols where dosage is set to several times a day (Pelio et al. 2021). 

 

2.4.6.4 Side effects 

 

As already listed in the previous part there can be side effects associated with medication and 

there are always some dogs that are more sensitive to them than others. There are also some 

situations where caution should be used and according to some sources some medicines can 

even be contraindicated, which is the case, for example, with a history of cardiovascular 

problems and/or pre-existing hypertension (Plumb 2021).  

In conclusion, other options than medical management should be explored for dogs whose 

incontinence responds poorly to medication or becomes refractory after time, for owners who 

prefer to avoid life-long drug administration (especially in young dogs) and for dogs that have 

side effects associated with medication or the medication is contraindicated (Owen 2019). In 

this next chapter we will explore these alternatives. 
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2.5 BULKING AGENTS 
 

The usage of urethral bulking agents (UBAs) has been adapted from human urology where 

UBAs became a treatment option for stress and mixed urinary incontinence already in the 

1930’s, but it took until the 1990’s before the treatment was adapted to dogs (Byron 2015). 

According to Arnold et al. (1989) the endoscopic injection of polytef paste was described as 

an established procedure in the treatment of USMI with success rates of above 50 %. Around 

the same time the surgical method of colposuspension in dogs was described with similar 

success rates (Holt 1990b). The idea behind bulking agents is to improve continence rates 

through increased urethral resistance. The advantages of the injection technique are that it’s 

minimally invasive, has low complication rates and high continence rates (Arnold et al. 

1989b, Barth et al. 2005, Claeys et al. 2010a). On the other hand, the effect is short-lived and 

repeated injections can be needed to maintain continence. Furthermore, in some cases they 

require additional medical treatment to achieve full continence (Barth et al. 2005, Claeys et al. 

2010a, Byron et al. 2011). Therefore, it is crucial to remember the importance of 

communication to properly manage the outcome expectations of the owners (Byron et al. 

2011). 

 

2.5.1 Bulking agent injection technique 
 

Regardless of what agent is used to inject into the submucosa of the urethra, all follow a 

similar protocol first described by Arnold et al. (1989). Under general anesthesia, the dog is 

placed in dorsal recumbency with its hindlegs stretched cranially, the hair around the vulva is 

shaved and the vulva and the area around it is washed before the cystoscope is placed into the 

urethra. About 1,5 cm caudal of the bladder neck two to four injections are made into the 

submucosa of the urethra in a circular manner at even intervals, at 2, 6 and 10 o’clock for 

example (Arnold et al. 1989b) Figure 5. This was done with a specially designed flexible 21 

G needle (Urotech FIN-06-380 injection needle, GmbH, Rohrdorf, Germany) or 22 G (BoNee 

Dedicated Needle for bladder injection, Coloplast A/S, Holtedam, Denmark) (Chen et al. 

2020) or 23 G needle (Williams cystoscopy needle Cook Urological, Mönchengladbach) 

(Lüttmann et al. 2019). It’s important that the needle is held nearly parallel to the urethral 

mucosa to ensure the right depth of the injection, then the needle is pushed thorough the 

mucosa and the agent is injected underneath it (Byron 2015). Finally, the needle should be 
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held in place for around one minute after injection to allow the material to stabilize and to 

prevent backflow of the bulking agent into the urethra (Chen et al. 2020). The amount of 

agent varies between dogs because as much agent is injected until the injection sites are 

apposed as viewed through the cystoscope (Arnold 1996). In the study by Byron et al. (2011) 

they describe the assessment of coaptation as being done as estimation of lumen occlusion but 

do bring up the need of a more objective assessment method in their discussion. In the study 

by Chen et al. (2020) the goal was to decrease the diameter of the urethral lumen by at least 

80 %. In one study the dogs received a total of 0.75 – 3 ml of the bulking agent (Arnold et al. 

1996), in another the amount needed for each dog was a mean of 2.0 (0.5 - 5.0) ml (Barth et 

al. 2005). In a third study the amount used was between 1.0 – 2.5 ml per dog (Byron 2015). 

To ensure that urine can pass through the urethra, even though the risk of an obstruction is 

minimal, the bladder is pressed manually. If there however is concern, a catheter can be 

inserted to open the urethra by flattening the injection sites, also referred to as “blebs” (Byron 

2015). The injections facilitate continence by narrowing the lumen of the urethra, in a way 

creating an outflow obstruction, which in turn increases the stretching of the muscle fibers of 

the sphincter which enables the urethral muscle to close more efficiently (Byron 2015). The 

exact mechanism of why the muscle fibers have improved contractile strength when stretched 

is unclear, but we know this occurs (Herzog 2005). 
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Figure 5 Injection of bulking agent about 1,5 cm caudal to the bladder neck. The agent is injected under the 

urethral mucosa making a bleb of material to partly close the lumen, however so that urine can still pass. 

Picture adapted from Hoover & Karram (2020). 

 

2.5.2 Different bulking agent materials 
 

Based on the literature different bulking agents used are polytetrafluoroethylene (PTFE) 

(Arnold et al. 1989b), bovine cross-linked collagen (BC) or glutaraldehyde-cross-linked-

collagen (COL/GAX) (Arnold et al. 1996, Barth et al. 2005, Lüttmann et al. 2019), 

dextranomer/hyaluronic acid copolymer (DEX) (Arnold et al. 1996, Lüttmann et al. 2019), 

porcine gelatin cross-linked with transglutaminase (Chen et al. 2020) and extracellular matrix 

(ECM) from the urinary bladder of pigs (Wood et al. 2005). In addition to this the tissue 

response to polyethylene glycol carboxymethyl cellulose hydrogel (PEG-CMC) (Sumner et 

al. 2012) and polydimethylsiloxane (PDMS) has been investigated in experimental dogs 

(Smith et al. 1994). In this next part the results of these studies are presented and towards the 

end of the chapter summarized in a table. 

 

2.5.2.1 Polytetrafluoroethylene  
 

PTFE is a fluoropolymer that is well known as Teflon® (Chemours, Delaware, United 

States). Treatment of humans with PTFE for urinary stress incontinence have been reported as 
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early as 1974 (Politano 1974). At first the results were promising, but it turned out that the 

effect was quite short-lived (Beckingham et al. 1992). The agent was in the form of polytef 

paste, that was said to be chemically inactive. Despite this, foreign body responses to the 

PTFE implant with multinucleated giant cells and granuloma formation have been seen in 

animal models, as well as migration of the material into the surrounding muscle (Aronson & 

Meyler 2016). 

In a study by Arnold et al. (1989) 22 female dogs nonresponsive to PPA were treated by 

urethral submucosal injection of Teflon® (Chemours, Delaware, United States). All dogs 

became continent for at least two months, but in 64 % of the dogs, urinary incontinence 

reoccurred. Twelve of these dogs received a second injection with the same agent and 11 

(92%) regained continence. The results have been summed up as achieved success rate of 77 

% and duration of continence between two and 28 months. There were some minor 

complications reported such as temporary stranguria and/or hematuria in four out of 35 

injection procedures. One dog suffered from temporary partial urethral obstruction. The 

recurrence of incontinence was attributed to the fact that the deposits were rejected by the 

body (Arnold et al. 1989b, Arnold et al. 1996), which led to the search of an injectable 

material with higher biocompatibility (Arnold et al. 1996). 

2.5.2.2 Bovine cross-linked collagen 
 

To fill the need for a more biocompatible agent, highly purified collagen extracted from calf 

skin cross-linked with glutaraldehyde was developed. It was suspended in phosphate buffered 

saline (pH 7.2) and mixed with lidocaine (Arnold et al. 1996). The literature refers to this 

agent with slightly different names, sometimes simply just as collagen (Barth et al. 2005). It 

was taken into use in 1996 and has since then been reexamined in several different studies 

(Arnold et al. 1996, Barth et al. 2005, Byron et al. 2011, Lüttmann et al. 2019). However, the 

agent became unavailable in 2011 as it caused hypersensitivity reactions in about 4 % of 

humans even though no evidence of this happening in dogs has been found (Byron et al. 

2011).  

In a study on 32 neutered female dogs, incontinence resolved with collagen alone in 53% of 

the dogs, and with the addition of medication (PPA) the success rate increased to 59%. A 

second injection was given to nine dogs, three of them became continent after the injection 

and an additional two became continent with added medication. A mean duration of 

continence of 21 (2-48) months was observed. There were no complications or side effects 
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during the follow-up period with a mean of 22 months. The injection sites were inspected, via 

cystoscopy, in the dogs that received a second injection. In these dogs it was observed that the 

deposits were covered by a mucosal layer and the sites of injection were barely noticeable 

(Arnold et al. 1996). 

In a study by Barth et al. (2005) they strived to evaluate the long-term effects of endoscopic 

injection of BC in the treatment of USMI. They included 40 female dogs with USMI that 

either didn’t respond to medical treatment or had adverse effects to it. In 75 % the urinary 

incontinence had occurred after neutering and the remaining 25 % were already incontinent 

before neutering. They found that 64 % of the dogs were continent for a mean time interval of 

17 (1 – 64) months, in an additional 10 dogs the incontinence improved and out of these, six 

dogs regained full continence with the addition of medication. In three dogs there was no 

change in continence. After 12 months there was a deterioration in the continence in as many 

as 16 dogs corresponding to 59% of the dogs in this group. Twelve of these were treated 

medically and 11 were continent for an addition mean time of 27 (2 – 64) months and one had 

improved continence for 29 months. Only two dogs were treated with a second injection, and 

28/40 owners stated they would be ready to try a second injection if required. Upon the 

second injection the previous blebs could still be seen via the cystoscope but had significantly 

flattened. After the second injection one dog did not experience any change in continence 

rates. The other one of the two was continent for an additional 30 months before becoming 

incontinent again, however, the addition of medication made it continent till the end of the 

study (33 months follow-up) (Barth et al. 2005). 

In the study by Byron et al. (2011) they evaluated the effects of endoscopic injection of BC in 

the treatment of USMI and EU. To analyze the success of the procedure they utilized the five-

step continence score (CS) (presented in chapter 1) that they had previously developed (Byron 

et al. 2007). In addition to this they gathered information on owner satisfaction as well as 

strived to evaluate the correlation of outcome with the location of the injection and the degree 

of urethral coaptation (Byron et al. from 2011). The study included 32 neutered female dogs 

that received 37 injections in total. Twenty-one dogs with USMI and ten with EU were 

included in the study. Sixteen dogs received one and five dogs received two injections, 

respectively. The median duration of continence was 24 (12 – 35) months. The median CS 

before the injection therapy without medication was 2/5, and with medication it was 3/5. 

Immediately after the procedure the median CS was 5/5 without the use of medication for a 

median length of 8 (2 – 16.5) months. Thirteen USMI dogs (13/21, 62%) were continent for a 
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mean duration of 5.2 months after which they received additional medication. The median 

continence score of these dogs was 4.5/5 after the addition of medication for a median of 8.4 

(4 – 32) months. The 23 dogs that didn’t receive medical therapy had a mean continence of 

16.4 months with a median CS of 5/5 until the end of the observation time. The owner 

satisfaction reported in the study was 100%. However, the study failed in one of their aims to 

measure the correlation of outcome with the location of the injection. This was due to the 

small number of dogs who received the injection in the middle or distal part of the urethra in 

the end (Byron et al. 2011). 

A retrospective study by Lüttmann et al. (2019) included 50 female dogs with USMI that 

couldn’t be treated with medicine either because they didn’t respond to the treatment or had 

adverse effects to it. It also included female dogs that had surgical or laser treatment of EU 

that didn’t improve their continence and were assumed to have concurrent USMI. In 86 % 

(43/50) the incontinence had occurred after neutering and in 6 % (3/50) it occurred in intact 

dogs that had acquired urinary incontinence without EU. Out of these 50 dogs, 24 were 

treated with COL and 26 with dextranomer (DEX). Out of the 24 dogs treated with COL 

between 2007 - 2011 they found that the mean duration of continence was 48.5 (12 – 84) 

months and the success rate after six months after the injection 71 % without any major 

complications. In this study they evaluated the success rates by measuring continence scores 

from one to five, as described by Byron et al. (2007, 2011). In addition to this, the 

successfully treated dogs were divided into four groups: A = continent with the first injection, 

B = continent with first injection with added medication, C = clinical improvement with first 

injection with or without added medication, D = continent with repeated injection with or 

without added medication. The results showed that 46 % (11/24) belonged to group A with a 

mean continence time of 53 (12 - 84) months, 4 % (1/24) to group B where the dog was 

continent for 4 years with added ephedrine hydrochloride medication. Belonging to group C 

was 8 % (2/24), having continence rates of 6 and 30 months respectively, and finally 

belonging to group D 12.5 % (2/24) with a mean continence of 24 (12 – 36) months. This 

study also analyzed the results of a different agent, DEX, presented in the next part (Lüttman 

et al. 2019). 

Acierno and Labato (2019) have listed an injectable bovine cross-linked collagen bulking 

agent ReGain™ (Avalon Medical, Minnesota, USA), which when researched online seems to 

be available for order from their web shop (www.avalonmed.com) in contrary to previous 

belief. There are no studies available on the use of this agent. However, a veterinarian, 
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working in New York that has used this agent in dogs for a few years was contacted and the 

following unofficial information was obtained. The treatment is successful in 75 -90 % but 

depends on the underlying cause. In the treatment for USMI in older dogs its effective in over 

90 % and in cases of urogenital malformation the success rate is well under 30 %. The 

continence usually lasts between 6 – 12 months, but also depends on the underlying cause. 

The procedure has been repeated in many dogs and in done once they become incontinent 

again. About 75 % of the dogs likely need PO medication immediately after the procedure to 

achieve continence (A. Berent, personal communication March 14, 2022). 

 

2.5.2.3 Dextranomer/hyaluronic acid copolymer  
 

Dextranomer/hyaluronic acid copolymer (DEX) is a biocompatible and biodegradable option 

that has been used in human medicine in the treatment of SUI, with success rates of 52 – 78 % 

and mean continence rates of 12 months (Chapple et al. 2005). In the same retrospective 

analysis by Lüttmann et al. (2019) as above, 26 female dogs were treated with DEX between 

2012 - 2015. They found that the mean duration of continence was 20.5 (12 – 48) months, and 

the success rate after six months after the injection was 58 %, with a minor complication of 

transient hematuria in 2 % (1/50), no major complications observed. In group A there were 

15% (4/26) with a mean continence time of 12 (11-14) months, 23 % (6/26) belonging to 

group B which were continent for an average of 20 (12-24) months. In group B additional 

medication was administered in six dogs, three with ephedrine hydrochloride, two with 

estrogen and one with PPA. Three dogs, 11.5%, belonged to group C having continence rates 

of 12 - 48 months after the procedure, and just below 8 % (2/26) belonged to group D with 

continence of 24 months for both (Lüttman et al. 2019). 

 

2.5.2.4 Cross-linked porcine gelatin 
 

A study by Chen et al. from 2020 aimed to evaluate the effectiveness of novel agent 

VetFoam™ (BioChange Ltd, Israel), which consists of porcine gelatin cross-linked with 

transglutaminase (PGCT) to create a porous injectable scaffold. In the study 22 injections 

were performed on 15 neutered female dogs with USMI that had become refractory to or 

didn’t respond to medical treatment. Four dogs had a second injection and one dog had three 
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injections. Continence was achieved in 87 % (13/15) after the first injection and in 100% (7/7) 

after repeated procedures. Mean duration of continence was 11.1 months after the first 

injection. At the time of first follow-up (12 months) continence scores of over 4/5 were 

observed in 91% (20/22). One dog had passing adverse effects such as tenesmus, stranguria 

and pollakiuria for two days after the procedure. In all the dogs requiring a second or third 

injection, complete flattening of the blebs was seen in cystoscopy, with no visible signs of 

inflammation or scaring of the mucosa (Chen et al. 2020). 

 

2.5.2.5 Extracellular matrix from porcine bladder 
 

In this study by Wood et al. from 2005 they evaluated the use of a bioscaffold as agent that 

consisted of extracellular matrix (ECM) from pig bladders. In the study they included nine 

female dogs suffering from acquired urinary incontinence that didn’t respond to medical 

treatment. Six dogs received a carrier consisting of 30 mg of ECM added to a solution with 

glycerin and saline and three control dogs received the mix without the ECM with a similar 

technique as described in the previous studies. The result was that 67% (4/6) were continent 

for a median duration of 168 (84-616) days equal to approximately 5.6 (2.8 – 20.5) months. 

The three control dogs were continent for a median duration of 14 (7-31) days. Two out of 

three control dogs were retreated with the solution containing ECM and were continent for 

119 and 252 days (3.9 and 8.4 months) respectively. There were no adverse effects observed. 

2.5.2.6 Additional studies 
 

A study by Sumner et al. (2012) compared the tissue response of polyethylene glycol 

carboxymethyl cellulose hydrogel (PEG-CMC) to that of bovine collagen (BC/COL) in eight 

healthy, 1.5-year-old, female, purpose-bred hounds. They found that PEG-CMC made more 

prominent blebs than COL, and that the needle tracts in the injection sites were also more 

prominent with three sites showing mucosal erosion. Foreign body reaction and inflammation 

was significantly higher for PEG-CMC than for COL, showing a granulomatous response 

instead of a lymphoplasmacytic reaction for COL. The agent was studied in experimental 

dogs and only focused on the compatibility of the agent itself in healthy laboratory Beagles 

rather than its use in incontinent dogs. However, it might be a possible option as bulking 

agent in the future (Sumner et al. 2012). 
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There is one study on the use of PDMS on seven mix breed female dogs as an alternative to 

PTFE (Smith et al. 1994). The animals were euthanized at one-, three- and six-month 

intervals and all their organs were retrieved and processed to study the possibility of the agent 

migrating into other organs. The injection sites showed encapsulated foreign body reactions 

that histologically showed mainly fibroblasts, collagen deposition and giant cells. In one dog 

they found migration of the agent into the periurethral lymphatics and the spleen. The authors 

claim this was possibly caused by the fact that the injection was made too deeply into the 

muscular layer of the bladder. They also suggest that the agent could be a biocompatible 

alternative without the risk of migration if only injected correctly, since the other six dogs did 

not show migration of the agent. In another study by Wustenberg (2010) PDMS was tested in 

1777 pigs. The agent was implanted transurethrally and histopathology showed that no 

migration or dissipation occurred. The author describes the injection sites as fibrous 

characterized by long-term anchoring and stability suggesting that PDMS implants are a long-

term durable option to be used in periurethral tissue (Wustenberg 2010). 
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Table 3 Summary of results from studies on the use of bulking agents. Success rate, mean duration and adverse 

effects. Success rate = the percentage of dogs that were completely continent or had significant improvement in 

continence (CS 4/5 or 5/5). Mean duration = the duration of continence. *information not available 

 
Agent Mean 

duration 

of 

complete 

continence 

Success 

rate 

Continence 

after 1st 

injection 

Continence 

after 2nd 

injection 

(if 

applicable) 

Continence 

after with 

added 

medical 

treatment 

Adverse 

effects 

Source 

PTFE x* months 

(2-28) 

months 

17/32  

(53 %) 

 

17/32 

(53%) 

- - rejection of 

foreign 

material, 

migration of 

material into 

muscle in 

humans, not 

dogs 

Arnold et 

al. 1989b 

COL 21 (2-48) 

months 

59% with 

medication 

 

53% with 

collagen 

alone  

 

14/32 

(44%)  

with 

injection 

alone 

 

3/9 

(33%) 

19/32 with 

PPA 

5/9 with 

PPA 

 

none, 

mean 

observation 

period 22 

months 

Arnold et 

al. 1996 

COL 17 (1-64) 

months 

27/40 

(68%) 

improved 

continence 

in additional 

10 

 1 / 2  

mean 30 

moths 

10/27 

6 mean 

23months 

4 mean 

43months 

PPA or 

ephedrine 

15% 

passing 

stranguria 

hematuria 

vaginitis 

 

Barth et 

al. 2005 

COL 8 

(2-16,5 

months) 

100% 

immediately 

after 

procedure 

62% needed 

medication 

after mean 

of 5,2 

months 

100% 

immediately 

after 

procedure 

 

- 13/21  

62% 

for 8,4  

(4-32) 

months 

 

 

 

none 

reported 

Byron et 

al. 2011 

COL 45.8  

(12-84) 

months 

17/24  

71% after 6 

months or 

more 

12/24 

21,3 (12-84) 

Months 

3/24 

24 (12-36) 

months 

- none Lüttmann 

et al. 

2019 

DEX 20.5  

(12-48) 

months 

15/26  

58% after 6 

months or 

more 

4/26 

12 (11-14) 

months 

2/26 

24 months 

- 2 % (1/50) 

transient 

hematuria 

Lüttmann 

et al. 

2019 

PGCT 11.1 

months 

87 % 

(13/15) 

87 % 

(13/15) 

6/6 

(one dog 

received 3 

injections) 

5/15 

PPA +/- 

DES 

7% (1/15) 

passing 

tenesmus, 

stranguria & 

pollakiuria 

Chen et 

al. 2020 

ECM 5.6  

(2.8–20.5) 

months 

4/6 or 

6/9 

4/6 or 

6/9 

control 

group 2/2 

regained 

continence 

for mean 

6.2 months 

 none Wood et 

al. 2005 
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2.5.2.7 Potential future agents 
 

Since the use of bulking agents has been adapted from human medicine it is possible that the 

agents used in humans will be tested on dogs in the future as well. In a study from 2019 by 

Hussain and Bray the available bulking agents for humans on the market were listed. This list 

consists of calcium hydroxyl apatite Coaptite™ (Boston Scientific, USA), carbon coated 

zirconium, Durasphere™ (Coloplast, USA), polydimethylsiloxane elastomer PDMS, 

Macroplastique™ (Cogentix, USA), polyacrylamide hydrogel Bulkamid™ (Axonics Inc, 

USA) and PDMS‐U Urolastic™ (Urogynbv, The Netherlands) and it’s possible that one or 

several of these will be available for use in dogs at some point. 

 

2.5.3 The advantages of bulking agents 
 

One main advantage of injectable bulking agents is that the procedure is minimally invasive 

(Arnold et al. 1989b & 1996, Barth et al. 2005, Wood et al. 2005, Byron et al. 2011, Byron 

2015, Lüttmann et al. 2019, Chen et al. 2020) since the urethra can be accessed from the 

outside via a cystoscope. There are many important advantages with minimally invasive 

surgery compared to invasive surgery many that stem from lesser operative trauma and 

magnified visualization of the area (Cuesta 2017). To further support this the dogs are usually 

discharged shortly (about 4 hours) after the procedure compared to surgical alternatives in the 

treatment of USMI (Wood et al. 2005), where they might need to stay overnight for pain 

management and to ensure that they can urinate on their own (Byron et al. 2011). However, 

it’s worth noting that in a retrospective study of 40 dogs, the insertion of the cystoscope into 

the urethra through the external orifice wasn’t possible in five dogs (12,5 %) so a laparotomy 

and cystotomy was performed to insert the agent (Barth et al. 2005). 

Another main advantage is that there have been very few complications or side effects and the 

ones that have occurred have been rare, mild, and transient (Barth et al.2005, Chen et al. 

2020). Furthermore, continence scores increase substantially, and most dogs achieved full 

continence (Byron et al. from 2011, Lüttmann et al. 2019). Moreover, the dogs gain 

continence immediately after the procedure (Arnold et al. 1989b). In addition, for some dogs 

that had not previously responded to medication, not only experienced measurable 
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improvement in continence, but also had an enhanced response to medical therapy after the 

procedure (Byron et al. 2011).  

Additionally, some dogs did experience remarkable periods of gained continence of up to 84 

months, the equivalent of seven years (Lüttmann et al. 2019) making injectable bulking 

agents a viable option for long-term treatment in some dogs. Still, the reported level of 

customer satisfaction was excellent even when all dogs didn’t achieve continence and some 

acquired additional medication. An additional benefit to this is that the procedure is very 

quick to perform compared to surgery, lasting about 15-30 minutes (Barth et al. 2005). Also, 

the owner doesn’t have to medicate their dog one to three times daily if the injection of 

bulking agent alone is sufficient to treat the incontinence. Furthermore, in the case that 

additional medication is needed, it’s possible that the frequency of administration can be 

reduced while maintaining continence (Rawlings et al. 2001). 

Furthermore, bulking agents can offer a last resource for dogs that have undergone EU 

surgery and still haven’t regained continence. In the study by Byron et al. (2011) they found 

that even though the previous surgery posed some additional challenges in the form of fibrosis 

and scarring of the urethra, satisfactory outcomes were achieved in the treatment of 

incontinence with bulking agents. 

 

2.5.4 The disadvantages of bulking agents 
 

One of the main disadvantages is the short lasting, passing effect of bulking agents. Owen 

(2019) even goes as far as suggesting that surgical intervention is a preferable choice for 

young dogs to avoid multiple treatments throughout the dog’s life and therefore bulking 

agents should only be used in older dogs and/or reserved for owners who wish to avoid 

surgery (Owen 2019. The duration of continence can be extremely short, one to two months 

in some dogs (Arnold et al. 1989b & 1996, Barth et al. 2005, Byron et al. 2011), but the mean 

duration times have usually been significantly higher (Arnold et al. 1996, Barth et al. 2005, 

Lüttmann 2019). Another disadvantage presented in one study is the lack of adequate training 

in cystoscopy among veterinarians (Wood et al. 2005). 

A further disadvantage is the absence of outcome predictors making it difficult to choose the 

right dogs that would benefit from bulking agents. This is because the etiology of USMI isn’t 

completely understood, and there hasn’t been any relationship established between the age at 
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the time of injection, severity of incontinence or the degree of coaptation of the blebs or the 

amount of collagen used, with the success of the treatment (Barth et al. 2005, Byron et al. 

2011). On the other hand, the lack of outcome predictors is something that all the treatment 

techniques of USMI have in common (Owen 2019).  

Serious side effects such as migration of the agent, hypersensitivity or foreign body responses 

are also risk factors that need to be taken into consideration even though evidence of this is 

scarce (Arnold et al. 1989b) or lacking in dogs (Byron et al. 2011). Finally, the adverse effects 

such as stranguria, hematuria, and vaginitis among others (listed in Table 3), although mild 

and passing, are still disadvantages of this technique. 
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2.6 SURGICAL TREATMENT OPTIONS 
 

There are three main objectives when performing surgery to treat USMI: repositioning of the 

bladder, increasing urethral resistance and/or increasing urethral length (Holt 1990b). Much in 

a same way as for bulking agents, surgery can be recommended for dogs that do not respond 

to medication, either initially or over time, or who suffer from side effects of the medication. 

In addition, it can be an option for owners who want to avoid administering life-long 

medication to their dog (Owen 2019). 

 

2.6.1 Surgery to reposition the bladder 
 

2.6.1.1 Colposuspension  
 

One of the most used surgical options, in the treatment of USMI, is the relocation of the 

bladder. There are two different techniques to achieve this, either by colposuspension or 

urethropexy or then a combination of these two techniques. Colposuspension has been 

adapted from human medicine and was first described by Holt in 1985. The technique has 

largely remained the same with some variation in the positioning and the number of sutures 

and the degree of cranial adhesion placed on the vagina and bladder. All these changes, while 

seemingly small, can impact the success of the procedure (Owen 2019).  

Colposuspension is done through midline laparotomy with the incision extending to the pubis. 

A catheter is inserted to facilitate recognition of the urethra. The pelvic fat is dissected from 

the area and a traction suture with 2-0 or 0 polypropylene is placed into the vagina. Then the 

vagina is pulled cranially with the help of the sutures and a second set of sutures is placed to 

form a cruciate suture pattern in the vagina and two sutures are placed on each side. Each 

suture is pulled cranially and passed through the abdominal wall medial of the superficial 

epigastric vessels and tightened so that the vagina presses up on the urethra but not too tight 

to get obstructed (Rawlings 2002).  The result is that the distal parts of the vagina are sutured 

to the pre-pubic tendon so that the bladder neck and proximal urethra are moved, from the 

pelvis, into the abdominal cavity (Chew et al. 2011).  
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Figure 6 Colposuspension increases urethral length and its closure pressure. Surgically the vagina is pulled 

cranially into the abdomen from being inside the pelvic region. This is done by placing sutures between the 

vagina and prepubic tendon. Figure adapted from Chew et al. 2011) 

 

In a study by Holt (1990b) on 150 female dogs that had been given unsuccessful medical 

treatment for USMI 85 % (127/150) were adults and 15 % (23/150) juveniles. The study 

evaluated the effect of colposuspension and 53 % (80/150) were completely cured by the 

procedure, 37% became less incontinent, and 9% (14/150) had no change in their condition. 

There was a relapse in 11% (9/80) dogs between 1.5 - 15 months after surgery (Holt 1990b). 

Minor complications such as stranguria, pollakiuria, tenesmus and dysuria were seen in 11% 

(17/150) of the dogs, but no major complications were reported.  

In another study from 2001 by Rawlings et al. 23 neutered female dogs with urinary 

incontinence undergoing colposuspension were studied. Two months after the surgery 55% of 

the dogs were continent (CS 4-5/5), however the results one year after the surgery (obtained 

from 21 dogs), showed that only 14% (3/21) were fully continent, 67% (14/21) had mild 

incontinence and 19% (4/21) had moderate to severe incontinence. When medical treatment 

was added at this point the numbers increased to 38% (8/21) being fully continent and 43% 

(9/21) having significant improvement. Only one owner was dissatisfied with the decision to 

have their dog undergo surgery. One dog that developed a hematoma after surgery, was 

diagnosed with von Willebrand disease, and was excluded from the study. One dog died of a 

vagina 

bladder 
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liver abscess 10 months after surgery and 25 % (5/20) had a urinary tract infection two 

months after the surgery. One dog that for almost a year after surgery had a persistent urinary 

infection, that was resistant to antibiotic treatment, was further studied. It was found that the 

cranial part of the bladder had retroflexed dorsally making it difficult for the bladder to 

empty. A cystopexy was performed on the dog and its CS dropped from a 4/5 to a 2/5 after 

the second surgery (Rawlings et al. 2001).  

 

2.6.1.2 Urethropexy 
 

Urethropexy has the same idea of pulling the bladder cranially out of the pelvic region into 

the abdomen. The first steps are performed much in the same fashion as colposuspension, 

however in this technique two polypropylene sutures are placed through the muscle layers of 

the urethra, avoiding the lumen, then attached to the ventral abdominal wall at the edge of the 

pubis (White 2001). 

A study that investigated the outcome of urethropexy in 100 female dogs with USMI, 89 % of 

them neutered, found that 56 % became completely continent, 27 % benefited from the 

operation, but still had slight incontinence and 17 % had no response at all. However, 21 % 

(21/100) of the dogs had mild adverse effects with pollakiuria in 14 %, dysuria in 6 % and 

severe complications such as anuria in 3 %, that led to the removal of the sutures. Ten out of 

30 dogs that were tested postoperatively had a urinary infection (White 2001).  

 

2.6.1.3 Combined colposuspension and urethropexy 
 

Another study including 30 female dogs, 29 neutered and one intact, with USMI unresponsive 

to medical treatment combined colposuspension and urethropexy. They found that 70% had 

“excellent” continence after the procedure, 26% had a “good” level of continence and 4% had 

no response. Here the complication rates were lower, where 10% had mild passing dysuria 

and no major complications were reported (Martinoli et al. 2014).  
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2.6.2 Artificial urethral sphincters 
 

The insertion of an artificial urethral sphincter (AUS) is done through midline laparotomy 

with the incision extending from the umbilicus to the pubis. The bladder is pulled forward and 

the pelvic fat is bluntly dissected around the pelvic urethra. An appropriated sized AUS is 

chosen by measuring the urethra at the place where the AUS will be inserted, about 2 cm 

caudal to the trigone. The infusion line of the AUS is pulled through a stab incision in the 

inguinal abdominal wall and placed subcutaneously on the medial part of the hind leg and 

connected to an infusion port attached in the inguinal area. The abdomen is then closed 

routinely in three layers (Rose et al. 2009). 

In a retrospective study by Gomes et al. (2018) they studied the use of a static hydraulic 

urethral sphincter in the management of USMI in 20 female dogs (18 neutered and two 

intact). They looked at postoperative continence scores, complications and long-term follow-

up. The median continence scores were reported to be 9/10 (range 7-10/10), and complete 

continence was achieved in 90 % (18/20) of the dogs. Minor complications such as dysuria, 

bacterial cystitis and stranguria were seen in 65% (13/20) dogs. One dog (5 %) had persistent 

stranguria postoperatively, a major complication leading to the sphincter being removed after 

28 months (Gomes et al. 2018). 

Delisser et al. (2012) studied the treatment of USMI with the help of a static hydraulic 

sphincter. The study included eleven neutered female dogs.  They checked the continence 

scores at two weeks, three and six months after the surgery, with a mean score of 8.5/10 and a 

median score of 9/10 at 6 months. At 13.7 months (range 3.9 – 25) all dogs had a significant 

change for the better in continence, with 36 % of the dogs being fully continent and 64 % 

having mild incontinence. On the other hand, 82 % (9/11) had complications such as 

hematuria, stranguria and prolonged urination time. The complications resolved with 

symptomatic, minimally invasive treatment, or no treatment. The authors defined major 

complications as requiring surgical intervention, which was not needed. 

Reeves et al. (2013) studied the efficacy and safety of an adjustable AUS in 27 incontinent 

dogs, with the cause of incontinence was USMI in 18 dogs with 15 being females and three 

males. Over a period of 12.5 months (range 6 – 19) they found that 93 % had mild 

incontinence to full continence and 7 % had no change in continence. Mild complications 

such as mild stranguria and seroma were seen in 21 % of the dogs. The complications 

resolved during the first month after surgery. Two female dogs had a major complication with 
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the urethra becoming progressively obstructed at five and nine months after the surgery and 

the device had to be taken out. Out of the owners 81.5% were highly satisfied, 7.5 % satisfied 

and 11 % dissatisfied with the procedure. 

 

2.6.3 Transpelvic slings 
 

Suburethral tapes is the most popular surgical technique to treat stress urinary incontinence in 

humans. However, this technique is not a popular alternative in veterinary medicine due to 

risks associated with urethral erosion and the lack of similarities in the development of SUI 

and USMI. In women the supporting structures of the urethra are damaged during pregnancy 

and childbirth leading to the development of SUI, which is not considered to be an underlying 

factor in the development of USMI (Owen 2019). Nickel et al. (1998) first tried the use of a 

transpelvic sling on 26 neutered female dogs with USMI that had not responded to medical 

management. Half of the dogs had a colposuspension at the same time. The objective of the 

study was to assess how a transpelvic sling procedure works in the treatment of USMI. The 

transpelvic sling procedure is essentially a polyester tape that is inserted through the obturator 

foramen, going around the urethra, and then fixed outside the pelvis. About 50 % of the dogs 

regained total continence, 27 % improved substantially and 23 % presented with no 

improvement. Out of the dogs that were fully continent about half had colposuspension. The 

dogs remained continent throughout the follow-up period, with of a mean of 9 (12 – 36) 

months. Out of the seven dogs that had substantial improvement in continence, three had 

undergone additional colposuspension, and four required additional medical treatment to gain 

continence. Five dogs (19.2%) didn’t improve. However, the continence rate increased to 67 

% (17/26) during a mean time of 22 (6 – 36) months with added medical therapy. A main 

adverse effect of the technique was that it is more invasive than colposuspension or any other 

surgical technique alone. Minor complications such as stranguria or dysuria occurred in 23 % 

(6/26), out of which four had undergone additional colposuspension. Major complications 

occurred in three dogs (11.5 %). Two developed fistulas associated with the polyester ribbon, 

2 and 3 years after surgery respectively. One dog suffered from unresolved stranguria, and the 

sling had to be removed five days after surgery.  
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2.6.4 Transobturator vaginal tape inside-out 
 

A technique called the transobturator vaginal tape inside-out (TVT-O) has been developed 

from the transpelvic sling procedure. It has been adapted from humans to dogs by adding an 

episiotomy (an incision through the peritoneum) to gain access to the urethral meatus. A 

catheter is inserted into the urethra to facilitate its recognition and to avoid urination 

intraoperatively. A vertical midline incision of about 1 cm is made into the full thickness of 

the ventral vaginal wall. A large enough needle to accommodate the tape is needed. The 

needle is pushed through the vaginal incision craniolaterally towards to the dorsal plane of the 

ischiopubic bone, then the needle is slid along the bone until the resistance stops marking the 

beginning of obturator foramen. Then the needle is pulled through the foramen, then through 

the skin close to the midline where another incision has been made into the skin. This is then 

repeated on the other side so that the tape exits through the same skin hole as the other one. 

The ends are then carefully pulled to tighten the tape around the urethra. It’s important to 

make sure that the tape lies flatly around the urethra and that it’s not too tight, so it doesn’t 

obstruct the urethra. This can be checked by making sure the catheter moves smoothly back 

and forth inside the urethra. Then the ends are tied, buried into the submucosa of the skin and 

then the vaginal, skin and episiotomy incisions are sutured, and the catheter is removed 

(Deschamps & Roux 2015).  

 

In a study by Claeys et al. (2010c) seven neutered female dogs suffering from USMI were 

included. Initially 86 % (6/7) of the dogs became continent for a mean time of 11.5 (7 – 15) 

months. Nevertheless, a later study on 12 dogs with a longer follow-up time for a mean of 

74.4 months, showed a drop in continence rates to 40 % in the long term (Claeys 2017). The 

placing of a TVT-O showed local increase in urethral resistance in urethral profile pressure 

measurements, but it’s unclear why this happens. One theory suggests that a partial 

obstruction of the urethra might be the reason, another suggests that maybe damage to the 

supporting structures of the urethra does happen in some dogs with USMI after all (Claeys et 

al. 2010b). 

 

In another study by Deschamps and Roux (2015) they manufactured their own tape and 

studied its effect and safety in 12 neutered female dogs. Twelve days after the surgery 92 % 

(11/12) of the dogs were completely continent. However, with at a median follow-up time of 

21 months, only 25 % (3/12) achieved full continence, 50 % (6/12) were classified as 
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significantly improved and 25 % (3/12) with some improvement in continence. At the time of 

the next follow-up with a median of 52 months, half of the dogs had similar levels of 

continence as before the operation and the other half had sporadic dribbling. In addition, 58 % 

(7/12) suffered from minor complications such as dysuria and stranguria and a temporary 

catheter had to be placed in 33 % (4/12) of these dogs. In addition to this, 33 % (4/12) of the 

dogs suffered from major complications. Two developed a fistula along the tape path and in 

the remaining two the tape either broke or had to be replaced to achieve continence 

(Deschamps & Roux 2015). 
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Table 4 Summary of different (invasive) surgical techniques and their outcomes in the treatment of USMI. 

Treatment 

technique 

Female 

dogs 

treated 

Results Minor 

complications 

Major 

complications 

Mean 

follow-

up 

Author(s) 

& year of 

publicatio

n 

Colpo-
suspension 

150 54 % fully continent 
37 % mild incontinence 

9 % no change in 

continence 
 

11 % 
stranguria, 

pollakiuria, 

tenesmus, 
dysuria 

None 32 
(6-180) 

months 

Holt 1990b 

Colpo-

suspension 

23 

(results 
from 21) 

14 % fully continent 

67 % mild incontinence 
19 % no change in 

continence 

 

None 8 % requiring 

new surgery 
because of 

hematoma and 

retroflexed 
bladder  

12 

months 

Rawlings et 

al. 2001 

Urethro-

pexy 

100 56 % fully continent 

27 % mild incontinence 

17 % no change in 
continence 

 

20 % 

pollakiuria, 

dysuria 

3 % anuria 

requiring 

suture removal 

35 

(12-84) 

months 
 

White 2001 

Combined 

colpo-
suspension 

and 

urethro-
pexy 

30 70 % fully continent 

26 % mild incontinence 
4 % no change in 

continence 

 

10 % dysuria None 38.5 

(6-72) 
months 

Martinoli et 

al. 2014 

Artificial 

urethral 

sphincter 

20 90 % fully continent 

10 % mild incontinence -

no change in continence 
 

65 % dysuria, 

hematuria, 

prolonged 
urination time, 

seroma, urinary 
retention 

5 % removal 

required 28 

months after 
placement  

40.2  

(19.2 -

61.1) 
months 

Gomes et 

al. 2018 

Artificial 
urethral 

sphincter 

11 36,4 % fully continent 
64 % mild incontinence 

0 % no change in 
continence 

 

82 % 
hematuria, 

stranguria 
prolonged 

urination time 

None 13.7 
(range 

3.9 – 
25)  

Delisser et 
al. 2012 

Artificial 

urethral 
sphincter 

24 

(USMI in 
18, 

3 males) 

93 % fully continent - 

mild incontinence 
7 % no change in 

continence 

 

21 % mild 

stranguria and 
seroma 

2 female dogs, 

8,3 % urethral 
obstruction at 5 

and 9 months -

> removal of 
AUS 

12.5 (6–

19) 
months 

Reeves et 

al. 2013 

Transpelvic 

sling 

with 
combined 

colpo-
suspension 

in half 

 

26 

13 with 

added 
colposusp

ension 

50 % fully continent 

27 % mild incontinence 

23 % no change in 
continence 

 

23 % 

stranguria or 

dysuria 

7,6 % fistulas 22 

(range 

6–36) 
months 

Nickel et 

al. 1998 

Trans-
obturator 

tape 

12 25 % fully continent 
75 % mild incontinence 

0 % no change in 

continence 
 

58 % 
stranguria, 

dysuria, 

temporary 
catheter in 33% 

33 % fistula, 
broken tape, 

replaced tape 

for improved 
continence 

median 
21 

months 

Deschamps 
& Roux 

2015 

Transobtur

ator tape 

7 71 % fully continent 

29 % mild incontinence 

0 % no change in 
continence 

 

14 % urethral 

tear 

None 11.3 

months 

Claeys et 

al. 2010c 
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3 DISCUSSION 
 

Throughout this literature review it has become clear that there are many underlying reasons 

behind urinary incontinence and USMI, and that the condition is far more complicated than I 

had initially thought. At times it was even difficult to separate incontinence from USMI as 

these two sometimes are used interchangeably in the literature. As USMI is the most probable 

reason for the incontinence in adult neutered female dogs, it’s understandable that these two 

are difficult to separate. However, it would be of outmost importance that a definitive 

diagnosis would be reached in order to properly be able to assess the efficacy of the treatment. 

To be able to provide better treatment options, there needs to be a better understanding of the 

disease. To achieve this, further research has to be made, but many aspects should be 

considered. First, we need to know what we are treating. Essentially, we need to know if it’s 

USMI or something else, or perhaps it’s USMI combined with something else. The only way 

to reliably identify USMI, at the moment, is through urodynamic testing. One main issue is 

the limited availability worldwide, and in Finland urodynamic testing isn’t available at all for 

the time being.  

If urodynamic testing did become available, it would be a very good idea to confirm the 

USMI diagnosis as this information would help the clinician decide the best course of 

treatment. This information would be even more valuable if the problem turned out to not be 

USMI after all, so that unnecessary medications can be avoided. The use of urodynamic 

testing would also become more appealing if injectable bulking agents became more 

common, as diagnosis and treatment could be performed under the same anesthesia. This 

would also benefit research, that quite often is done collecting retrospective results. When 

choosing the research population, it would be ideal that the USMI diagnosis is verified 

through urodynamic testing making future USMI research more reliable. Especially in dogs 

where drug treatment, or any other kind of treatment, is unsuccessful it would be of utmost 

importance to know if the dog in fact had USMI or not. Without a confirmed diagnosis it’s 

difficult to say much about the efficacy of different treatment options. 

Another reason why it’s important to understand the development of the disease is that it 

might improve outcome predictors, so that we could recognize what type of a dog would 

benefit the most from a certain type of treatment, or combination of treatments. The quest for 

“one treatment to cure them all”, is possibly a bit too ambitious considering that there is so 
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much variation in the outcomes of different treatment options and that the etiology and 

pathophysiology still isn’t fully understood. 

It would also be interesting to know more about the differences between dogs that respond to 

medication in different ways. What are the reasons behind the fact that one dog might be 

continent with PPA but not with estrogen or vice versa? And why do some dogs require a 

combination of the two to achieve continence.   

One of the main disadvantages of bulking agents mentioned is its short-lasting effect.  

However, already one year of not having to administer medication up to three times a day and 

not having to worry about the side effects of the medication, does not seem unreasonable to 

me at all. Therefore, multiple injections could be a good option, but further research needs to 

be made in this area as it’s not known if the urethra can be damaged by several injections. 

Another advantage is that dogs that have become refractory to the medication, can still regain 

continence with the help of bulking agents, with or without added medication. There’s also a 

need for further research if the medicine can be given at a lower dose and/or less frequently, 

and if there is one medicine that works better than others in combination with bulking agents. 

At the moment there seems to be poor availability of bulking agents on the market. However, 

I found an American company that produces bovine crosslinked collagen even though some 

sources stated that its production was discontinued in 2011, when they stopped using the 

agent in humans. Independent of what the agent is, what is needed on the market is a safe, 

durable, biocompatible material that doesn’t flatten, migrate, or create a foreign body 

response that is also available.  

When considering the cost of injection of bulking agents, it’s also important to remember that 

there are also cost associated with administering the medication. The price of the medicine 

itself and annual check-ups over the course of many years quickly adds up to a significant 

amount. In the best-case dogs can be continent for several years with only one injection of 

bulking agents.       

There are many points that should be discussed with the owners before choosing the injection 

of bulking agents. I believe that honest, open communication is the reason why in one study 

100 % of the owners were satisfied with the technique even though their dogs didn’t achieve 

complete continence. Their expectations had been managed properly, and it’s important that 

veterinarians realize the importance of this. Veterinarians should always remember to inform 
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the owners that the dog might need medication even after treatment with bulking agents. In 

some cases, the injection of the agent isn’t possible through cystoscopy and must then been 

done through laparotomy and cystotomy making the procedure more invasive which can be a 

problem, especially if repeated injections are needed. Most importantly it should be 

communicated that the incontinence does not resolve in all dogs, even with added medication 

and that the effect can be passing, and the procedure probably will have to be repeated. 

The problem with the existing invasive surgical options is that long-term outcomes are poor, 

and no technique seems superior over another. The AUS has shown some hopeful results, but 

this has been in male dogs. 

When designing future studies, I would hope that subjectiveness would be eliminate as much 

as possible, so that results could be compared more reliably. I find that these following points 

need to be addressed: 

The inclusion criteria. Is it really USMI that we are treating? Should urodynamic testing be 

compulsory or can other ways of identifying the condition be accepted for the dogs that are 

included in studies. The follow-up times also need to be longer or roughly the same so that 

different outcomes can be compared reliably. 

Evaluating the incontinence before and after the procedure should not be subjective. There 

should be clear parameters, for example the 10-step CS scale or some other objective way of 

measuring incontinence. It isn’t specific enough to measure continence on scales consisting of 

“cured”, “improved” and “no change”. However, in a sense CS is also subjective to a certain 

degree so should urodynamic testing ideally be done pre- and postoperatively to be able to 

assess the success of treatment more accurately?  

The procedure of injecting bulking agent in itself: there is a need for more specific guidelines 

on the amount of agent that should be injected. In some studies, they describe that the amount 

of agent injected should be “till the blebs are apposed” but so that urine can still pass through. 

In one study there was a mention that an obstruction of the urethra of around 80% should be 

aimed for, but there can still be some variation as it’s just a subjective approximation, it’s not 

something that is actually measured.  Currently there’s no relationship between the degree of 

incontinence before the procedure, the amount of agent or degree of apposition of blebs, with 

the outcome of the technique. And it’s very difficult to obtain this and to compare results in 

between studies if these points are subjective. 
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The adverse effects need to be standardized, it should be decided what constitutes as 

mild/minor and what as serious/major adverse effects to facilitate comparison between 

different treatment techniques. More research should also be done on the type of medication 

and actual dose given post-operatively or post-bulking agents compared to before the 

procedures. Do they still become refractory to the medication after the procedure, or do they 

become refractory to the procedure itself? 

All in all, as we can see from this literature review, this is a complicated subject that does not 

offer a simple answer to the question of what the ideal treatment option for a neutered female 

dog suffering from USMI is. Until further studies offer us a better understanding each dog 

should be treated as an individual. 
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