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Urethral obstruction (UO) is a frequently occurring medical emergency in cats. In these cases, 

urinalysis and examination of urine sediment are part of the diagnostic practice to detect 

possible crystals and/or infection.  

The aim of this thesis was to describe the results of the urine sediment in cases of urinary 

obstruction in felines and to analyse the use of antimicrobials in these cases. The research 

material of this retrospective study consisted of cats that were brought to Small Animal Hospital 

Vettori in Raisio, Finland and were diagnosed with UO in the period of 2019-2021. Collected 

patient data consisted of signalment, diagnosis, results of urinalysis, and information about 

prescribed antimicrobials. Total pool of samples included 153 urine samples obtained from 124 

patients. Specific gravity and dipstick were examined, and sediment was analysed with 

automated sediment analyser. Urine culture was prepared from 35 samples. 

Results of this study indicated that the presence of pyuria in the urine sediment was associated 

with the urine culture results (p = 0.02), whereas no association occurred between presence of 

bacteria in the sediment and urine culture results (p = 0.3). However, due to small number of 

cultured samples the reliability of this conclusion might be reduced. During the study period, 

antimicrobials were prescribed to 62.1% of the patients (n = 77). This study concluded that the 

decision to treat with antimicrobials in feline UO cases was based on the finding of bacteria, 

significant haematuria, and/or pyuria in the urine sediment. Choice of antimicrobials was 

targeted towards the most likely pathogen and length of the treatment mainly followed the 

guidelines for antimicrobial use. 
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Kuseteede ummistus on kassidel esinev sage, kiiret sekkumist vajav terviseprobleem. Uriini 

analüüs ja uriini sademe hindamine on diagnostilised võtted, mille abil saab tuvastada nii uriinis 

oleva sette kui ka infektsiooni.  

Käesoleva uurimistöö eesmärk oli iseloomustada uriini sadet kuseteede ummistusega kassidel 

ning hinnata sealjuures toimunud antibiootikumiravi. Uurimistöö viidi läbi Soome 

väikeloomakliiniku patsientide põhjal, kellel oli tuvastatud kuseteede ummistus ajavahemikul 

2019-2021. Patsientide andmestik sisaldas kassi vanust, tõugu, diagnoosi, uriini analüüsi 

tulemusi ning antibiootikumiravi. Kokku võeti uuringusse 124 kassi 153 uriiniproovi, millest 

oli määratud uriini erikaal ja ribatestiga põhinäitajad. Uriini sademe analüüs oli läbi viidud 

analüsaatoriga. Uriini mikrobioloogiline uurimine Uricult süsteemiga tehti 35 kassile.  

Uurimistulemused näitasid, et uriini sademe põhjal pandud püuuria diagnoosi ja uriini 

mikrobioloogilise uurimise vahel esines oluline seos(p=0.02), kuid seost ei leitud uriini sademe 

põhjal pandud bakteriuuria ja Uricult mikrobioloogilise uurimise vahel (p= 0.3). Kuna proovide 

arv oli väike, ei saa teha lõplikke järeldusi. Kokku kasutati antibiootikumiravi 62.1% (n = 77) 

patsientidest. Uuringuga leiti, et kasside kuseteede ummistuse juures oli antibiootikumiravi 

otsus tehtud bakterite leidumise, hematuuria ja/või püuuria leiu põhjal uriini sademes. 

Antibiootikumi valik oli üldiselt patogeenipõhine ja järgis antibiootikumiravi soovitusi. 
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LIST OF ABBREVIATIONS  
 

BID  Twice a day 

BUN   Blood urea nitrogen 

CAUTI  Catheter-associated urinary tract infection 

CFU  Colony forming units  

ECG  Electrocardiogram 

E. coli   Escherichia coli 

FIC   Feline idiopathic cystitis 

FLUTD  Feline lower urinary tract disease 

GFR   Glomerular filtration rate  

HPF  High power field 

IC   Interstitial cystitis 

ISCAID International Society for Companion Animal Infectious Diseases 

IV  Intravenous 

SB  Subclinical bacteriuria 

TCC  Transitional cell carcinoma 

TID  Three times a day 

UO   Urinary obstruction 

USG  Urine specific gravity 

UTI   Urinary tract infection 

WBC  White blood cell 
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INTRODUCTION  

 

Urethral obstruction (UO) in cats is a frequently occurring urologic emergency in a small animal 

practice (George and Grauer, 2016). Most common reasons for urethral obstructions in cats include 

urolithiasis, urethral plugs, and feline idiopathic cystitis (FIC). Less frequently occurring causes 

include neoplasia, urethral stricture, solidified blood calculi, or infection (Kennedy and White, 

2021).  

 

UO is a serious and potentially life-threatening disease that requires immediate medical attention. 

Severity varies depending on the magnitude of acid-base and electrolytic disturbances (Little, 

2012). Condition is treatable and has high survival rate of over 90% to discharge (Gerber et al., 

2005; Defauw et al., 2011; Segev et al., 2011; Nevins et al., 2015). Clinical signs of vocalizing at 

the litter box, stranguria, dysuria, excessive licking of the perineal area, dehydration, vomiting, 

anorexia, lethargy, bradycardia with or without arrythmias, tachypnoea, and even shock (Lee and 

Drobatz, 2003; Little, 2012).  

 

Therapy aims to correct the metabolic disturbances and electrolyte imbalances, alleviate pain, 

maintain tissue perfusion, and to relieve urethral obstruction by catheterization (Lee and Drobatz, 

2003). Managing feline UO can be economically strenuous for cat owner since it may require 

several days of hospitalization, and reoccurrence of obstruction is relatively common. Significant 

bacteriuria at the time of presentation is rare and therefore treatment with antimicrobials is often 

not indicated. However, improper catheter hygiene can predispose patients to development of 

infection (Segev et al.,2011; Cooper, 2019; Weese et al., 2019). Typical findings in the urine of 

obstructed cats are haematuria, struvite crystalluria, pyuria, bacteriuria, glucosuria, and alkalinuria 

(Segev et al., 2011).   

 

The purpose of this retrospective study is to describe the findings in the urine sediment of cats 

diagnosed with UO and to analyse the association between findings in the urine samples and the 

use of antimicrobials in these cases based on the data collected from patient information system of 

Small Animal Hospital Vettori. This thesis also aims to determine the choice of antimicrobial agent, 

dosage, and the length of treatment in UO cases. 
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1 LITERATURE REVIEW 
 

1.1 Lower urinary tract disease 

 

1.1.1 Definition  

 

Feline lower urinary tract disease (FLUTD) is a broad term used to describe a collection of 

conditions that can affect the bladder and/or urethra of cats. All lower urinary tract diseases tend 

to cause similar clinical signs including haematuria, stranguria, pollakiuria, and periuria (Dorsch 

et al., 2014). Therefore, since the urinary tract can respond to insult in only a limited number of 

ways these signs rarely indicate to a particular aetiology (Gunn-Moore, 2003; Sævik et al., 2010). 

Majority of FLUTD cases are caused by idiopathic disorders and several studies have reported 

feline idiopathic cystitis (FIC) to be the most common diagnosis in cats with FLUTD with the 

incidence of 55.0-60.7% (Gerber et al., 2005; Sævik et al., 2010; Dorsch et al., 2014; Lew-Kojrys 

et al., 2017).  Infectious cystitis is reported only in 2% of cases (Eggertsdóttir et al., 2007).  

However, different conditions can also occur simultaneously (Gunn-Moore, 2002; Segev et al., 

2011). UO occurs relatively often in cats and is reported in 20-55% of cats with FLUTD (Kruger 

et al., 1991; Gerber et al., 2005). Lower urinary tract diseases can be either obstructive or non-

obstructive (Gunn-Moore, 2003).  

 

1.2 Urethral obstruction 
 

1.2.1 Definition  

 

Urethral obstruction is a potentially life-threatening condition. Blockage of the lower portion of 

the urinary tract prevents the animal from being able to urinate and leads to accumulation of 

uraemic toxins, electrolyte, and acid-base imbalances secondary to postrenal azotaemia (Segev et 

al., 2011). Obstruction can be caused by urethral spasm due to FIC or by a physical obstruction 

due to urethral plug, calculi, stricture, or neoplasia (Gerber et al., 2008).  
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1.2.2 Predisposing factors 

 

Male cats are much more likely to develop urethral obstruction compared to females due to their 

long and narrow urethra (Cooper, 2015). Since UO occurs relatively often in cats diagnosed with 

FIC, it is likely that there is a cross-over of predisposing factors between these two conditions. 

Although there is a lot of research determining predisposing factors for FLUTD in general, there 

are only few studies that have specifically researched predisposing factors for feline UO. Segev et 

al. (2011) have concluded that increased body weight and diet comprised of only dry food are risk 

factors for UO. Obstructions are also seen more frequently in young adult cats and cats that are 

kept indoors. Association of breed, neuter status, vaccination status, and housing conditions are not 

found to be connected to the likelihood of UO. Whereas a study by Kennedy and White (2021) 

stated that age, sex, breed, and housing did not have significant effect on the development of 

obstruction. The only factor that was associated with increased risk of UO was a dry food only diet. 

There was no difference observed between development of urethral obstruction in cats fed with 

mixed diet compared to cats fed mostly moist food.  

 

1.2.3 Pathophysiology 

 

Complete obstruction of the urethra leads to accumulation of urine, increased pressure within the 

urethra, and bladder. Increased pressure in the bladder causes distension of tissues leading to 

mucosal injury and possibly even pressure necrosis and local nerve damage (Bartges et al., 1996).  

Increased pressure will then pass on to kidneys via ureters causing reduction in the renal blood 

flow that decreases the functional renal mass that ultimately leads to loss of kidneys’ concentrating 

ability of urine, decrease in glomerular filtration rate (GFR), and accumulation of blood urea 

nitrogen (BUN), potassium, phosphorus, and creatinine (Lee and Drobatz, 2003). While renal 

function may not yet be impaired in cases of partial or early obstruction, clinical signs of uraemia 

typically will occur within 24 hours from complete obstruction (Bartges et al., 1996).  

 

Metabolic acidosis is a significant contributor to the pathophysiology of urethral obstruction, but 

severe hyperkalemia is the most significant and common life-threatening problem in UO due to its 

effects on the cardiovascular system (Lee and Drobatz, 2003). High potassium serum concentration 
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(9-10 mEq/L) can cause bradycardia due to its effect on electrical conduction, and even cardiac 

arrest on high concentrations. Typically, death occurs within 3-6 days in untreated cats because of 

cardiac failure with electrolyte imbalances or due to acute kidney failure (Bartges et al., 1996).  

 

1.3 Causes of urethral obstruction 
 

1.3.1 Feline idiopathic cystitis 

 

Idiopathic cystitis is a sterile inflammatory condition of the bladder without any identifiable cause 

and is diagnosed when diagnostic testing reveals no underlying cause for the signs of lower urinary 

disease (Westropp et al., 2006). It is the most common pathology under the umbrella term of feline 

lower urinary tract diseases, and according to several studies, it affects 55.0–60.7% of all patients 

with FLUTD (Gerber et al., 2005; Sævik et al., 2010; Dorsch et al., 2014; Lew-Kojrys et al., 

2017). Incidence of FIC in feline UO cases is reported to be between 31% and 56% (Gerber et al., 

2005; Lew-Kojrys et al., 2017). FIC resembles painful bladder syndrome also known as interstitial 

cystitis (IC) in humans. Clinical signs are similar to IC, and on presentation are commonly the 

same for cats and humans with any kind of lower urinary tract disease, irrespective of the aetiology 

(Gunn-Moore, 2003).  

 

In a study by Dorsch et al. (2014) urethral obstruction occurred significantly more frequently in 

cats with FIC than in cats with urinary tract infection (UTI). Urethral obstruction in these cases can 

occur due to inflammation, spasms, or formation of a plug consisting of leucocytes, proteins, 

erythrocytes, and crystals, which is mostly seen in male cats because of their long and narrow 

urethra (Defauw et al., 2011). 

 

1.3.2 Uroliths 

 

The definition of urolithiasis is a formation or presence of calculi within the urinary tract (Gunn-

Moore, 2003). This occurs when urine becomes oversaturated with minerals and urine pH is 

favourable to crystallization, which causes minerals to precipitate and form crystals. These crystals 

may then combine to form uroliths (Houston et al., 2003). Urolithiasis is a relatively common 

problem and cause to approximately 7-23% of all FLUTD cases and 12-29% of UO cases (Gerber 
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et al., 2005; Gerber et al., 2008; Sævik et al., 2011; Dorsch et al., 2014; Lew-Kojrys et al., 2017). 

Uroliths occur mainly in the lower urinary tract, mostly in the bladder (Houston et al., 2016).   

 

Mineral composition of uroliths may vary and they can be composed of a single mineral type or be 

a combination of several.  For cats, mostly struvite (magnesium ammonium phosphate hexa-

hydrate) and calcium oxalate are diagnosed and combined they comprehend about 90% of feline 

uroliths. Both are radiopaque and can be visualized in radiographs (Gunn-Moore, 2003; Dorsch et 

al., 2014; Houston et al., 2016). The third most reported type of urolith in cats is ammonium urate 

(Houston et al., 2016). Less commonly occurring feline urolith types include uric acid, calcium 

phosphate, cystine, xanthine, and silica (Houston et al., 2003). Dried solidified blood clots are 

uncommon cause for obstruction (Houston et al., 2016).  

 

1.3.3 Urethral plugs 

 

Feline urethral plugs are a frequent cause for urethral obstruction in the male cats and occur 

approximately with same prevalence as uroliths (Gunn-Moore, 2003; Segev et al., 2011). 

Prevalence of plugs in FLUTD cases varies between 10.3-21.0% and they cause 10.4-17.7% of UO 

cases (Gerber et al., 2005; Gerber et al., 2008; Sævik et al., 2011; Dorsch et al., 2014; Lew-Kojrys 

et al., 2017). Urethral plugs consist largely of organic matter (mucoprotein, consisting of mucus 

and inflammatory debris) and varying amounts of minerals (Houston et al., 2003).  Mineral 

composition of plugs is predominantly struvite.  Plugs mostly occur in places where urethra is 

narrow, commonly at the tip of the penis where the diameter is the narrowest. However, plugs can 

occur anywhere in the urethra. One typical place is located caudally to the bulbourethral gland, 

between the bladder and prostate gland where the urethra narrows (Houston et al., 2003; Little, 

2012). 

 

The aetiology of urethral plugs is currently not known. However, one theory suggests that they 

form in cats with underlying inflammation of the urinary bladder. As inflammation promotes urine 

protein leakage, it leads to combined urinary crystals forming urethral plug, and thus increases the 

risk for urethral obstruction. (Segev et al., 2011).  
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Differentiation between obstructive FIC and urethral plugs is challenging and diagnosis of urethral 

plugs can only be made when obstructing plug-forming material is detected (Gerber et al., 2005). 

In addition, misdiagnosis can easily be made during catheterisation as urethral plugs may be pushed 

back into the bladder and consequently lost (Gerber et al., 2005).  

 

1.3.4 Neoplasia 

 

Neoplasias of the urinary tract in cats are rare. They can occur anywhere in the lower urinary tract, 

but the urinary bladder is the most common site of neoplasia (Little, 2012).  Typically, feline 

bladder tumours are malignant and invasive but occur only rarely. The most prevalent tumor of the 

lower urinary tract in dogs and cats is transitional cell carcinoma (TCC) (Little, 2012; Borrego, 

2017). It is mostly seen in geriatric cats (Little, 2012). Differentials include squamous cell 

carcinoma, lymphoma, adenocarcinoma, and other mesenchymal tumours (Borrego, 2017; Griffin 

et al., 2018). In cats the location of TCC is more variable than in dogs, but in both species the 

trigone seems to be the most common location (Griffin et al.,2020). Trigonal location with prostatic 

and urethral involvement is frequently seen in this type of tumor and may lead to urethral 

obstruction. Clinical signs of neoplasia within the bladder or urethra are similar as in bacterial 

cystitis or urolithiasis (Borrego, 2017). This may delay the diagnosis of TCC and therefore 

emphasizes the importance of diagnostic testing to evaluate the presence of potential neoplasia of 

the lower urinary tract even for cats with a history of other common forms of lower urinary disease, 

especially when signs are reoccurring (Griffin et al., 2020).  Griffin et al. (2020) also suggest that 

a prior lower urinary tract disease and inflammation can also predispose cats to TCC.  

 

1.4 Prognosis and recurrence 
 

Although UO is a life-threatening condition, immediate treatment is often successful and the 

survival rate is high (Segev et al., 2011). Survival rates in UO cats at discharge have reported to be 

between 91.1-93.6% (Gerber et al., 2005; Defauw et al., 2011; Segev et al., 2011; Nevins et al., 

2015). According to a study by Gerber et al. (2008), the long-term prognosis is guarded as in their 

study 51% of male cats with UO had recurrent clinical signs, 36% re-obstructed and 23% was 

euthanized out of 45 cats studied. While Segev et al. (2011) argues that as recurrence rates are low, 
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immediate treatment is often successful in most cases and most cats could be discharged and 

therefore long-term prognosis is good, and owners should be encouraged to treat cats with UO. 

 

Several other studies have also tried to find out recurrence of obstruction, both in short and long 

term and potential risk factors leading to it. It is important because treatment of UO can be 

expensive and re-obstruction in UO patients is a common reason for euthanasia. Reoccurrence of 

obstruction has been reported to be anywhere from 11 to 58% depending on the study and time 

frame examined (Segev et al., 2011; Zezza et al., 2012; Hetrick and Davidow, 2013; Dorsch, et al., 

2016; Seitz et al., 2018; Hanson et al., 2021).  

 

In a study by Eisenberg et al. (2013) either the size of the catheter or the difficulty in placing the 

catheter increased the risk for re-obstruction. Treatment with urethral relaxants (prazosin), 

antimicrobials, meloxicam, or opioid pain medications did not have effect on recurrence. Risk of 

recurrence is lowered by increasing water intake and environmental modification seem to decrease 

risk of recurrence (Eisenberg et al. 2013; Hetrick and Davidow, 2013; Nevins et al., 2015; Reineke 

et al., 2017; Nivy et al., 2019; Hanson et al., 2021). In a study by Segev et al. (2011), urine pH 

was significantly lower in cats with recurrence, but in a study by Eisenberger et al. (2013), neither 

urine pH nor USG had effect on recurrence of UO. Multiple catheterizations increased the 

possibility to urethral trauma and complications in recovery according to Smarick et al. (2004). 

 

1.5 Urinary tract infections with urethral obstruction  
 

1.5.1 Bacteriuria  

 

Bacteriuria is defined as the presence of bacteria in the urine, microscopy, or culture (Clarke et al., 

2020). For diagnosis of significant bacteriuria generally cut-off value in cats has been 103-104 

colony forming units per millilitre (CFU/ml) although not all articles define cut-off values for 

bacterial inflammation. Cut-off values have generally been categorized to be rich with values >104 

CFU/ml, moderate with 103-104 CFU/ml, and low when <103 CFU/ml (Eggertsdóttir et al.,2007; 

Sævik et al., 2011). Similar cut-off values are also used in dogs and humans (Sørensen et al., 2016).  

Whereas Bartges (2004) used the cut-off value for urine sample taken via catheter to be 103 CFU/ml 
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and for midstream voiding and manual compression 104 CFU/ml, while values used in dogs were 

104 CFU/ml and 105 CFU/ml, respectively.  

  

1.5.2 Pyuria 

 

Presence of white blood cells (WBC) in urine is called pyuria. More than 3-5 white blood cells per 

high power field (WBC/HPF) in a urine sample obtained by cystocentesis is significant. Whereas 

for samples obtained via catheter 5-10 WBC/HPF is considered significant and indicative of UTI 

(Bartges, 2004).  However, WBC may be seen in the urine also in inflammatory processes without 

bacterial infection (Neubert and Weber, 2021). 

 

1.5.3 Bacterial cystitis 

 

Identifying bacteria in urine does not always implicate UTI. The significance of bacteriuria depends 

also on the method of sampling. Lower result may be significant if sample is taken aseptically via 

cystocentesis, or it could simply be due to contamination and not clinically relevant if the sample 

was a voiding sample. In addition, sample may also become contaminated after collection for 

instance during transfer or due to improper storing (Bartges, 2004).  

 

Development of urinary tract infection is often multifactorial and dependent on the interaction 

between virulence and hosts factors (Dorsch et al., 2019). Cat’s lower urinary tract has several 

defence mechanisms that prevent bacterial urinary tract inflammation. These include physical 

barriers such as length of urethra, urethral peristalsis, and unidirectional urine flow. Mucosal 

barriers such as glycosaminoglycan layer and intrinsic mucosal antimicrobial properties prevent 

bacterial migration and colonization. In addition, cat urine is normally very concentrated and has 

high USG, typically over 1.045, and contains organic acids and antimicrobial peptides in high 

concentrations making urine an unfavourable habitat for bacteria. (Litster et al., 2011). Risk factors 

for UTI include female sex, older age, and concurrent diseases such as hyperthyroidism, chronic 

kidney disease, and diabetes mellitus (Litster et al., 2009; Martinez-Ruzafa et al., 2012; 

Teichmann-Knorrn et al., 2018).  
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Incidence of bacteriuria in feline UO cases at the time of presentation has been reported to be 

anywhere from 0-21% (Sævik et al., 2011; Hetrick and Davidow, 2013; Hugonnard et al., 2013; 

Hall et al., 2015; Cooper et al., 2019). Most studies record Escherichia coli (E.coli) as the most 

common bacterial pathogen isolated in cases of urinary tract infection in cats, with incidence of 

37–59%. Other frequently occurring uropathogens are Staphylococcus spp. (15–23%), 

Enterococcus spp. (5–27%), and Streptococcus species (2–19%). Pasteurella, Pseudomonas, 

Haemophilus, Citrobacter, Proteus, Klebsiella, and Corynebacterium species are reported more 

rarely. (Eggertsdóttir et al., 2007; Litster et al., 2007; Litster et al., 2009; Martinez-Ruzafa et al., 

2012; Dorsch et al., 2015; Lund et al., 2015; Teichmann-Knorrn et al., 2018). Prevalence of 

different bacterial species isolated in feline urinary tract infection cases are listed in table 1.  

 

Table 1. Most cultivated pathogens from feline urine. Modified from Dorsch et al. (2019). 

  A B C D E F G H 

Study period 
2003-

2005 
NA 

2008-

2013 

2000-

2009 

2003-

2009 

2008-

2013 

2009-

2014 

2016-

2018 

Number of cats 134 107 155 280 71 NA 150 1673 

Number of urine 

samples 
104 107 NA 330 72 5963 169 457 

Number of bacterial 

isolates 
65 126 198 375 82 6282 192 NA 

Gram-negative bacteria 

Escherichia coli (%) 38.5 37.3 50.3 42.3 38.8 59.3 50.5 39.8 

Pasteurella spp. (%) 4.6 NA 1.9 1.3 5.5 NA 1.0 NA 

Pseudomonas spp. (%) NA 1.6 5.2 1.6 1.4 1.5 NA 5.2 

Enterobacter spp. (%) 3.0 2.4 2.6 NA 2.8 1.8 NA 3.9 

Klebsiella spp. (%) NA 0.8 3.9 0.3 1.4 1.5 NA 4.8 

Proteus spp. (%) 1.5 NA 1.3 3.2 2.8 2.0 2.6 3.0 
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Table 1 continued 

Citrobacter spp. (%) 1.5 NA NA NA 1.4 NA NA 0 

Haemophilus spp. (%) 4.6 NA NA NA 2.8 NA NA NA 

Gram-positive bacteria 

Staphylococcus spp. (%) 6.2 23.0 17.4 16.0 15.3 16.8 22.9 12.3 

Streptococcus spp. (%) 4.6 1.6 12.9 19.2 4.2 2.0 3.6 2.2 

Enterococcus spp. (%) 3.0 28.6 21.3 6.6 9.7 12.1 15.1 24.3 

Corynebacterium spp. 

(%) 
NA NA 1.9 2.1 1.4 NA NA NA 

Lactobacillus spp. (%) NA NA 3.2 NA NA NA NA NA 

NA= not assessed. A= Eggertsdóttir et al., 2007, B= Litster et al., 2007, C= Martinez-Ruzafa et 

al., 2012, D = Dorsch et al., 2015, E= Lund et al., 2015, F= Marques et al., 2016, G= Teichmann-

Knorrn et al., 2018, H= Darwich et al., 2021.  

 

1.5.4 Classification of bacterial urinary tract infections 

 

1.5.4.1 Subclinical bacteriuria 

 

Subclinical bacteriuria (SB) is diagnosed when positive bacterial culture is obtained from 

aseptically collected urine sample shows significant number of bacteria without clinical signs 

associated with urinary tract disease (Weese et al., 2019). Prevalence of SB in younger, clinically 

healthy, adult cats is low and higher in older population with prevalence varying between 0.9–

28.8% (Litster et al., 2009; Eggertsdóttir et al.,2011; Puchot et al., 2017).  

 

1.5.4.2 Sporadic and recurrent bacterial cystitis 

 

Sporadic bacterial cystitis, also referred as uncomplicated UTI, is a sporadic infection with fewer 

than three episodes in the preceding twelve months in an otherwise healthy individual with normal 
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urinary tract anatomy and function. However, the presence of concurrent disorders does not itself 

indicate complicate infection (Weese et al., 2019).  

 

Recurrent bacterial cystitis is diagnosed when there are three or more episodes of clinical bacterial 

cystitis in the last twelve months or two or more episodes within the last six months. Recurrent 

UTI may be caused by reinfection, relapsing, or persistent infection. It is important to determine 

which type is the cause as it can be vital when determining the diagnostic plan (Weese et al., 2019).  

 

1.5.4.3 Catheter associated urinary tract infection 

 

Urogenital procedures, especially placement of indwelling urethral catheter, is a known risk factor 

for the development of UTI in humans, dogs, and cats (Martinez-Ruzafa et al., 2012; Weese et al., 

2019). Catheter creates a direct route between the external environment and the bladder allowing 

introduction of bacteria into the bladder either during placement of catheter or due to poor catheter 

maintenance. Poor hygiene can promote the intraluminal migration of bacteria to the bladder for 

instance via open collection systems and if the collection bag is not kept below the level of the 

patient (Smarick et al., 2004; Weese et al., 2019).  

 

According to Hooton et al. (2010), in humans CAUTI (catheter-associated urinary tract infection) 

is one of the most common healthcare-associated infection, and can lead to significant patient 

morbidity, healthcare costs, and occasionally even mortality. The duration of catheterization is the 

most important risk factor for the development of infection.  

 

Studies in humans have also shown that majority of catheter-associated bacteriuria cases are 

asymptomatic and only few cases lead to bacteraemia requiring antimicrobial treatment (Kranz et 

al., 2020). However, there does not exist equivalent data for veterinary medicine. One can assume 

that the incidence in veterinary patients is lower than in humans due to fewer catheterized patients 

and fewer patients that are catheterized for long periods of time. In addition, the incidence of 

CAUTI in dogs and cats is hard to define due to the failure to differentiate subclinical bacteriuria 

and cystitis (Weese et al., 2019).  
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Incidence of bacteriuria in catheterized cats has been reported to be between 13–33% (Hugonnard 

et al., 2013; Cooper et al., 2019).  Likely, many of them are having subclinical bacteriuria instead. 

Therefore, it is essential to differentiate subclinical bacteriuria from cystitis as only the latter 

requires antimicrobial treatment (Weese et al., 2019). 

 

1.6 Clinical signs of urethral obstruction 
 

The hallmark clinical sign of UO is painful, firm, and distended urinary bladder with little to no 

urine passing from the urethra. In addition, obstructed cats may show symptoms of vocalizing at 

the litter box, stranguria, dysuria, excessive grooming of the perineum, dehydration, vomiting, 

anorexia, lethargy, bradycardia with or without arrythmias, tachypnoea, and even shock (Lee and 

Drobatz, 2003; Little, 2012).  Microscopic or macroscopic haematuria may be noted. Clinical signs 

may vary greatly, depending on the severity of obstruction at the time of presentation. Cats that 

seek treatment early may not show any other signs than firm, moderate to large bladder (Little, 

2012; Cooper, 2019). Majority of cats with a urethral obstruction are presented early with relatively 

normal clinical examination findings. Only approximately 10% of obstructed cats are critically ill 

at presentation (Lee and Drobatz, 2003; Little, 2012). In addition, as cats commonly hide their 

symptoms, the condition may progress long before the owner notices. If the patients have been 

obstructed for longer than 24 hours, they have systemic signs of illness (Little, 2012; Cooper, 

2019). Patients with prolonged obstruction may be moribund or even dead (Little, 2012).  

 

Systemic signs correlate with the severity of obstruction and are potentially life threatening and 

occur due to accumulation of uraemic toxins accompanied by electrolyte and acid base imbalances, 

all of which result from a sharp decrease in GFR (Lee and Drobatz, 2003).  

 

1.7 Diagnosis 
 

Diagnosis of urethral obstruction is made based on clinical examination findings and history. On 

clinical examination a painful, large, firm distended bladder is palpated, with or without other signs 

of systemic illness. Palpation must be done carefully to prevent causing tears or rupture of the 
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bladder. However, if the cat is brought to clinic soon after obstruction has occurred, bladder may 

not yet be overdistended, but cat is not able to express urine (Little, 2012). 

 

Diagnostic testing in UO patients is critical to identify possible complications. Urgent tests include 

blood gas and serum electrolyte measurements and electrocardiography (ECG). Results of these 

tests allow targeted stabilization of possible life-threatening metabolic and electrolyte disturbances. 

Urine samples are obtained for identification of possible crystals and signs of infection. 

Radiographic imaging is done to detect the presence of obstructing uroliths, and to guide the 

approach to urinary catheter placement and bladder decompression. Determining the renal status 

is a priority, as severe kidney injury may affect prognosis and client decisions (Little, 2012, Cooper, 

2019).  

 

1.7.1 Radiography  

 

Urethral obstruction must always be confirmed before urethral catheter is placed since clinical 

signs of dysuria are similar, regardless of whether a patient has a urethral obstruction. Urethral 

catheterization is not a reliable way to diagnose obstruction and it possess a risk of iatrogenic 

perforation. Abdominal radiographs aids to assess the urinary tract, to confirm size of the bladder, 

and to visualize radiodense uroliths (Lulich and Osborne, 2017). 

 

1.7.2 Ultrasonography 

 

Abdominal ultrasonography is done to evaluate size of the bladder, its content, and the wall 

structure.  Smaller bladder is consistent with pollakiuria and larger bladder with urinary obstruction 

(Lulich and Osborne, 2017). Free abdominal fluid can occur in the ultrasound but is not necessarily 

caused by rupture of the bladder as severe distension may cause increased permeability and 

transmural leakage of urine without rupture. For diagnosing of bladder rupture, positive contrast 

ultrasound is the most sensitive test (Hall et al., 2015).  
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1.7.3 Urine sampling 

 

The method of sampling has significant effect on the accuracy of diagnosis. Ideally, urine samples 

for bacteriological tests should be collected by cystocentesis to eliminate the risk of contamination 

from the lower urinary tract. In the absence of contamination, any number of bacteria will indicate 

UTI (Bartges, 2004). Sample may also be taken via catheter, but the risk of contamination is higher. 

Free-catch (mid-stream voiding) samples are not recommended as they are always 

contaminated. Manual expression is not recommended due to risk of bladder rupture (Lew-Kojrys 

et al., 2017; Dorsch et al., 2019). 

 

1.7.4 Urinalysis and urine sediment 

 

Complete urinalysis includes determination of USG, dipstick, and urine sediment analysis. 

Sediment can be analysed with a light microscope and staining may be used to aid detection of 

bacteria in the sample. Although, it is highly dependent on the skills and experience of the person 

performing the analysis. The use of automated urine sediment analysers has increased as it saves 

time on samples preparation and results are obtained faster. In addition, it is less dependent on the 

skills of the operator (Neubert and Weber, 2021). Detection of bacteria in the sediment should be 

verified with urine culture (Bartges, 2004).  

 

Proteinuria, haematuria, and pyuria are commonly observed findings in UTI but are often present 

in the urine of obstructed cats also (Bartges, 2004). It should be taken into consideration that as 

most cats with UO have abnormal color of urine, it can disrupt with the colour readings in the urine 

dipstick. Haematuria is often detected in the urine of obstructed cats and occurs likely due to 

damage caused to the bladder by the increasing pressure inside the obstructed bladder rather than 

inflammation. Method of sampling may also cause trauma to the bladder leading to haematuria. 

Apart from UTI, FIC and urolithiasis may also cause haematuria alone (Segev et al., 2011). 

 

Proteinuria in the urine of obstructed patients is likely to be post-renal origin. Glucosuria is likely 

to be stress-induced in cases of normoglycemia (Segev et al., 2011). Bacteriuria in feline UO cases 

is relatively uncommon at presentation (Sævik et al., 2011; Hetrick and Davidow, 2013; 
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Hugonnard et al., 2013; Hall et al., 2015; Cooper et al., 2019). In a study by Bailiff et al. (2008), 

bacteriuria and pyuria in the urine sediment were considered to be useful predictors of UTI and 

their presence in the urine sediment strongly correlated with positive urine culture. 

 

USG can be over 1.040 in early cases of UO but usually is more dilute in cases with prolonged UO 

due to misfunctioning kidneys (George and Grauer, 2016). USG can vary in cats with UTI.  Urine 

samples that contain gram-negative bacteria tend to have lower USG and samples with gram-

positive bacteria tend to have higher USG (Litster et al., 2009). Almost all obstructed cats have 

sterile urine. Struvite crystals are often observed in the urine of obstructed cats, especially when 

urine is alkaline. It is more likely that they are formed secondary to urine stasis and alkalinuria, 

rather than being the primary cause of obstruction (George and Grauer, 2016).  

 

1.7.5 Urine culture and antimicrobial susceptibility testing 

 

Urine culture is the gold standard diagnostic test for UTI and is the only way to diagnose it with 

certainty. A sterile sample obtained via cystocentesis should always be preferred to avoid false-

positive results on urine culture. Sample for urine culture should be obtained before initiation of 

therapy (Bartges, 2004). 

 

1.8 Treatment 
 

Management of UO includes stabilization of life-threatening cardiovascular and metabolic 

derangements, correction of electrolyte imbalances, analgesia, maintenance of tissue perfusion, and 

to relieving obstruction by catheterization (Cooper, 2019). The approach to stabilization varies with 

each case, but presentation of a blocked cat always warrants for immediate medical attention 

(Little, 2012). 
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1.8.1 Bladder decompression 

 

1.8.1.1 Cystocentesis 

 

According to Cooper (2015), performing a decompressive cystocentesis before catheter placement 

has multiple benefits, such as immediate relief of pressure and pain within the urinary tract, more 

rapid recovery of glomerular filtration, and thus ceasing progression of renal injury. In addition, 

only minimal or no sedation is typically needed to perform cystocentesis, whereas deeper sedation 

might be required for catheterization, which can be of importance especially in patients with 

cardiovascular compromise.  

 

Benefits of performing a cystocentesis also include an uncontaminated urine sample and it makes 

the subsequent catheterization easier by relieving the backpressure against obstruction (e.g., stone, 

plug or spasm) (Cooper, 2015; Hall et al., 2015). Yet, performing cystocentesis prior to 

catheterization is considered controversial and many practitioners prefer not to do it on obstructed 

animals. The major concern with this procedure is that by applying too much pressure on the 

bladder, there is a risk of urine leakage, tearing, or even rupture of the bladder leading to 

uroabdomen (Little, 2012; Hall et al., 2015). The more distended and friable the bladder is, the 

higher the risk (Cooper, 2015).  Although, there is a risk in performing cystocentesis on a distended 

bladder, it appears to be low.  In a study conducted by Hall et al. (2015), in which decompressive 

cystocentesis before placement of an indwelling urinary catheter was done to 47 cats with UO, 

none of the cases resulted in bladder rupture.  

 

1.8.1.2 Catheterization 

 

Placing a urinary catheter, to relieve physical obstruction and allow normal flow of urine, is 

essential part of management of UO. However, it also increases the risk for infection since it creates 

a direct route between the external environment and the bladder (Weese et al., 2019).  Therefore, 

it is critical that catheter placement is done aseptically to prevent bacterial contamination and 

ideally on a sedated patient (Cooper, 2015). Patient is placed either on dorsal or lateral recumbency. 

Prepuce and tip of the penis should be surgically scrubbed. While wearing sterile gloves penis is 

extracted, tip of the catheter is lubricated with sterile lidocaine gel and inserted to urethra. Catheter 
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is then gently advanced to the bladder while avoiding causing irritation. Bladder is then flushed 

repeatedly with saline solution until no more debris occurs (Little, 2012).  

 

Catheter size used varies from 3.5 Fr to 5 Fr. Benefit of a larger catheter is that it is easier to 

measure urine output and patient is less likely to urinate around the catheter. Although, passing a 

larger catheter can cause more irritation to the urethral epithelium compared to a smaller one 

(Cooper, 2015). Typically used catheter materials include polypropylene, polyvinyl, 

polytetrafluoroethylene, and polyurethane. Polypropene is rigid and has therefore higher risk of 

causing epithelial damage, while polyvinyl, silicone, and polyurethane are softer and more flexible 

but therefore challenging to insert (Little, 2012).  

 

The ideal length of catheterization is questionable and while the general recommendation is to 

leave on place for 24 hours, duration of catheterization should always be determined according to 

the clinical situation rather than a specific time frame and to be ideally as short as possible. Time 

is needed for the inflammation to resolve and for clearance of debris, clots, or crystals, but the 

longer the catheter is in place the higher is the risk for infection. Catheter can also cause trauma to 

the urethral epithelium and increase risk of infection (Cooper, 2015). Indication for placement of 

indwelling catheter is haematuria because it indicates a risk for re-obstruction due to blood clots 

and shows that there is severe overdistention of the bladder which can weaken the detrusor muscle 

contractility (Little, 2012). Catheter can be removed once patient’s clinical condition has improved, 

renal values and electrolytes normalized, post-obstructive diuresis is resolved, and the urine is free 

from debris and clots, and haematuria is diminished (Little, 2012; Cooper, 2015).  

 

1.8.2 Treatment of bacterial cystitis with antimicrobials 

 

In veterinary medicine urinary tract infections are one of the most important indications for use of 

antimicrobials. However, inappropriate therapy choice can contribute to variety of concerns such 

as the development of antimicrobial resistance, failure to resolve infection, and to have economic 

impacts on clients due to repeated or prolonged treatment (Dorsch et al., 2019; Weese et al., 2019). 

Therefore, to avoid further deterioration of the antimicrobial resistance situation it is crucial to 

follow current treatment guidelines, choose first-line antimicrobial agents, and possibly narrow 
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spectrum. The decision to treat with antimicrobials should always be based on the presence of 

clinical signs, and/or concurrent diseases, in addition to the results of urine culture and in vitro 

susceptibility testing (Dorsch et al., 2019). Majority of cats presented with first urinary tract 

obstruction do not have concurrent bacterial inflammation and prophylactic use of antimicrobials 

do not prevent the development of CAUTI (George and Grauer, 2016).  

 

If treatment must be initiated before receiving the results of urine culture and sensitivity testing, it 

should be targeted against the most likely causative factor. In feline UTI, the most common 

bacterial species are E. coli, Proteus, Enterococcus, Streptococcus, and Staphylococcus which are 

often sensitive to amoxicillin and amoxicillin clavulanic acid (Little, 2012; Finnish Food Authority, 

2016; Weese et al., 2019).  

 

The current recommendation for duration of antimicrobial therapy for the treatment of UTI is 3–5 

days. Shorter three-day antimicrobial course might be optimal but current research in veterinary 

medicine to prove this is lacking (Weese et al., 2019). Benefits of a shorter antimicrobial course 

include reduced antimicrobial resistance, less stress to the owner and the cat by decreasing 

handling, and lower risk for adverse effects from the medicine (Weese et al., 2021). Identifying 

and treating the primary cause of bacterial inflammation is essential to avoid treatment failure and 

to prevent development of reinfection (Finnish Food Authority, 2016; Weese et al., 2019). 

According to ISCAID (International Society for Companion Animal Infectious Diseases) 

guidelines, recommended duration of therapy is 3-5 days in cases of sporadic cystitis and 

reinfection and longer 7-14 days in persistent and relapsing infections. There is a lack of evidence 

to support the recommendation of the old guideline to routinely use long 7–10-day duration of 

antimicrobial treatment in treatment of bacterial cystitis (Weese et al., 2019).  

 

The prevalence and management of SB in humans is well studied and the research has shown that 

antimicrobial use is not recommended in otherwise healthy individuals as it does not have effect 

on the outcome (Bengtsson et al., 1998; Nicolle, 2006; Köves et al., 2017). Similar findings have 

been observed in studies with cats and dogs suggesting that the use of antimicrobials is not 

indicated unless there are risk factors for sepsis or some urogenital disease (Wan et al., 2014; White 

et al., 2016). While Teichmann-Knorrn et al. (2018) argues that currently there is not enough 
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evidence to say, whether we should treat cats with SB or not. Since the results of research in human 

medicine are not directly comparable to veterinary medicine, more research of antimicrobial use in 

cats with SB is needed.  

 

According to ISCAID guidelines, medical management of sporadic cystitis include analgesics, 

usually non-steroidal anti-inflammatories, while waiting for the urine culture results. They suggest 

that like in humans, analgesics may be as effective as antimicrobials in uncomplicated cases and 

therefore withholding the use of antimicrobials pending the result of aerobic culture would be 

rational (Weese et al., 2019). 

 

Clinical signs can be expected to subside within first 48 hours after initiation of treatment (Little, 

2012). Antimicrobial choice is appropriate if all clinical signs disappear during the treatment 

period. If not, the chosen antimicrobial is either inappropriate or the dose is insufficient, then the 

original antimicrobial should be discontinued, and therapy altered according to the susceptibility 

test results. Possibility of treatment failure due to owner related reasons should also be considered 

(Little, 2012; Weese et al., 2019).  

 

1.9 Antimicrobial resistance  
 

There is ever growing concern regarding the increase of antimicrobial resistant bacteria in both 

human and veterinary medicine. To prevent development of resistance and treatment failure, use 

of antimicrobials should always rely on in vitro susceptibility testing. Yet, they are still frequently 

prescribed empirically based on the presence of clinical signs consistent with UTI in the absence 

urine culture (Weese et al., 2019).  

 

In 2016, Marques et al. (2016) conducted a study where they documented antimicrobial resistance 

of isolated bacteria in small animal urinary tract infections in 14 European countries including 

Austria, Belgium, Denmark, France, Germany, Greece, Italy, the Netherlands, Portugal, Serbia, 

Spain, Sweden, Switzerland, and United Kingdom, over the period of five years.  One of their most 

important findings was that the overall resistance was higher in Southern countries (Italy, Greece, 

Portugal, and Spain) in comparison to Northern countries (Denmark and Sweden). Lower 
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frequency of antimicrobial resistance in Northern Europe, especially in Sweden, could be explained 

by their strict regulations and surveillance on antimicrobial prescribing and resistance in 

companion animals. Therefore, similar strategies should be used also in other countries to avoid 

deterioration antimicrobial resistance situation.  

 

1.10 Antimicrobial use in Finland and resistance situation 
 

In the recommendations for the use of antimicrobials compiled by Finnish Food Authority in case 

of acute uncomplicated UTI the first choice of antimicrobials for cats and dogs are either 

amoxicillin clavulanic acid or trimethoprim sulfonamide. They recommend to always take sample 

via cystocentesis and perform culture and sensitivity testing. Length of treatment is seven days 

(Finnish Food Authority, 2016). However, this guideline was published already in 2016 and 

currently shorter treatment course is recommended. Since 2002, Finland has recorded information 

about consumption of antimicrobials in veterinary use and resistance situation to FINRES-Vet 

program. From FINRES-Vet database Finnish Food Authority compiles an annual report.  In their 

latest report published in 2021, sulfonamide-trimethoprim and amoxicillin-clavulanic acid 

resistance for E. coli isolates in cats had been low during the monitoring period of 2014-2020. 

According to the report, the overall antibiotic resistance situation has remained relatively good in 

Finland. However, resistance levels regarding certain bacterial species have been recorded to be 

elevated and hence it is important to follow the recommendations and to use antimicrobials 

prudently (FINRES-Vet, 2020). 
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2 AIMS OF STUDY 
 

Aim of this study is to: 

• describe results of urine sediment in feline cases of urinary obstruction  

• analyse the use of antimicrobials in the treatment in catheterized felines with urinary 

obstruction  
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3 MATERIALS AND METHODS 
 

3.1 Study design and inclusion criteria 
 

The study was a retrospective study where the data was collected from the small animal patient 

database. All cats included in the study were treated and diagnosed at Small Animal Hospital 

Vettori in Raisio, Finland during the period of 1.1.2019-31.12.2021. Cats that were included in the 

study were diagnosed with urethral obstruction and were catheterized by a veterinarian. The 

diagnosis of urinary obstruction was based on typical clinical signs such as dysuria, stranguria, and 

large and firm urinary bladder that could not be expressed manually. In this study all decisions 

regarding sampling and treatment of patients were made purely by medical reasons by the 

veterinarians working at the small animal hospital and not for the sake of this study.  

 

In total, 149 cats were diagnosed with UO during the inclusion period out of which 124 cats 

(85.2%) met the inclusion criteria and were enrolled in the study.  

 

Exclusion criteria for the study was the following: 

1. Urine sample not taken 

2. Urine sample not analysed with SediVue dx 

3. Urinary catheter not placed 

4. UO was not a primary complaint 

5. Referral patients 

6. History of antimicrobial treatment within the past 14 days 

 

3.2 Data collection 
 

Data was extracted from medical records for statistical analysis from patient information program 

Provet Net at Small Animal Hospital Vettori. It included the following information: signalment, 

medical history, neutering status, results of urinalysis and culture, and records about antimicrobial 

treatment. Age was recorded with the proximity of six months. Data was handled anonymously, 
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only the summary of the results is presented in this thesis. Permission to use patient data was 

granted by Clinical Director of Small Animal Hospital Vettori. There is no conflict of interest. 

 

3.3 Collection of urine samples 
 

Urine samples were collected either by cystocentesis or via catheter. Cats from which sample was 

taken via cystocentesis were placed on dorsal recumbency. Fur from the caudal abdomen was 

clipped and skin disinfected. A needle with 3 or 6ml syringe attached was inserted through 

abdominal and bladder wall with the guidance of an ultrasound and urine sample obtained. All cats 

were sedated for the placement of urine catheter. Male cats were placed on dorsal recumbency, tip 

of penis was disinfected with diluted betadine, and catheter lubricated with xylocaine was inserted 

aseptically into the bladder. Females were placed on sternal recumbency. Length of catheterisation 

was not documented. Kruuse buster cat catheter either 3Fr or 4Fr with a stylet was used for 

catheterization depending on the size of the patient.  

 

Collected samples were not stored and samples were analysed in Vettori’s own laboratory shortly 

after sample collection.  

 

3.4 Laboratory analysis of urine samples  
 

Specific gravity for the collected urine samples was determined with a refractometer. Protein, 

ketone, bilirubin, and pH results were analysed with Idexx UA-dipstick machine. Urine sediment 

was analysed with automated Idexx SediVue dx urine sediment analyser (Figure 1). Idexx SediVue 

Dx sediment analyser captures up to 70 high resolution images per run representing approximately 

45 high-power fields and interprets them automatically. It has an automatic analysis for bacteria in 

the urine and can classify cocci and rods. It classifies bacteria in three grades as “present”, 

“suspected presence”, and “none detected”. In case of bacteriuria, the manufacturer advises 

evaluation of images by a human observer. In cases where result is “suspect presence,” further 

investigation of the sample is recommended. Figures 2 and 3 present struvite crystalluria and 

bacteriuria respectively in images captured by SediVue dx.  
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Figure 1. SediVue dx urine sediment analyser and VetLab urine dipstick analyser. 
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Figure 2. Struvite crystals in sediment image analysed by SediVue dx. 

 

Figure 3. Bacteriuria in sediment analysis by SediVue dx. 
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3.4.1 Bacteriological analysis of urine samples 

 

Urine samples were cultured on Uricult® Vet dip with CLED and MacConkey agar slides at the 

laboratory of Small Animal Hospital Vettori. Analysis was performed by dipping the slide on urine. 

Uricult® Vet dip slides were then incubated for 24-48 hours in a temperature of +37°C. After 

incubation, colony density was evaluated by comparing the slide with the model chart. If no growth 

had been detected within 24 hours, incubation was continued for another 24 hours. In case where 

no growth was observed within 48 hours, the sample was marked “no growth” and discarded. If 

growth was detected after 24 hours of incubation, the sample was placed to a refrigerator to wait 

for the possible shipping to outside laboratory for culture and sensitivity testing.  

 

3.5 Statistical analysis 
 

Data was collected to a chart on Microsoft Excel 2016 and was described using descriptive 

statistics. Collected data included the results of urinalysis, urine culture, and use of antimicrobials 

in treatment of UO. To investigate whether the results of urine sediment had association with urine 

culture results and whether the findings in the urine had association with the use of antimicrobials, 

open-source software for epidemiologic statistics (OpenEpi, Dean et al., 2022) was used for 

proportions and for two-by-two tables to evaluate association. Confidence intervals were calculated 

using mid-P. Exact and two-tailed P-values < 0.05 were considered as statistically significant. 

Means and range with standard deviation were used to describe continuous variables such as weight 

and age.   

 

Urine culture was considered the gold standard for assessing the sterility of urine. Pyuria was 

defined as the presence of ≥8 WBC/HPF since majority of the samples were taken via catheter and 

some level of contamination was expected. Haematuria was defined as the presence of ≥8 

WBC/HPF. 
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4 RESULTS 
 

4.1 Characteristics of study population 
 

From all cats included in the study 122 (98.4%) were male and 2 (1.6 %) were female. 117 of male 

cats were castrated (95.2 %) and both females were neutered. 

 

Mean age of the cats included in the study was 6.4 years (SD ±3.3 years, range 1.0-15.0 years) and 

mean body weight was 5.6 kg (SD ±1.2kg, range 3.3-10.4kg). Weight of three patients and the age 

of one cat was not reported. Age and weight distributions presented in figure 4 and 5.  

 

 

Figure 4. Age distribution of obstructed cats. 
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Figure 5. Weight distribution of the obstructed felines. 

 

Majority of cats were domestic shorthair n=99 (79.8%). Out of the rest n=25 (20.2%) cats studied, 

there were eight domestic longhairs (6.5%), two Maine Coons (1.6%), one British shorthair, one 

European shorthair, one Oriental shorthair, one Ragdoll, one Birman, one Selkirk Rex shorthair, 

one Turkish van, and one LaPerm shorthair (each specimen corresponding to 0.8%) and breed was 

unknown in seven cats (5.6%).  

 

4.1.1 Distribution of diagnoses in case of urethral obstructions 

 

Struvite crystals were diagnosed in 75 patients (60.5%), urinary tract infection was suspected in 11 

(8.9%), uroliths in 11 (8.9%), idiopathic cystitis in eight (6.5%), unidentified crystals in four (3.2%) 

and diagnosis was unknown in 31 cases (25.0%). Some patients had several diagnoses. Diagnoses 

are listed in the following graph in figure 6.   
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Figure 6. Distribution of diagnoses in case of urethral obstruction for studied cats (n=124). 

 

92 out of 124 patients (74.2%) had only one UO reported during the study period, 26 of patients 

(21.0%) had two, five (4.0%) had three and one patient (0.8%) had UO six times over the course 

of the three-year study period.  Number of obstructions is presented in figure 4.4. Within a month 

after a previous obstruction, 21 patients (16.9%) re-obstructed, and out of this group five was 

euthanized. Number of re-obstructions summarized in figure 7. 

 

During the study period, 16 cats (12.9%) were euthanized upon owners’ request due to re-

obstruction and/or complications of UO. One cat was reported to have died due to complications 

of UO.  
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Figure 7. Number of obstructions and re-obstructions during the study period. 

 

4.2 Sampling, urinalysis, and results of bacterial culture 
 

4.2.1 Sampling method 

 

During the three-year study period, total of 161 urine samples were obtained from 124 patients 

from which 153 were included in the study. Included urine samples were collected by cystocentesis 

in nine cases (5.9%) and via catheter in 60 cases (39.2%), method of sampling was not registered 

in 84 samples (54.9%).  

 

4.2.2 Urine sediment analysis 

 

In 153 urine samples, haematuria was detected in 145 samples (94.8%). Significant haematuria 

was detected in 23 samples (15.0%) due to which no information of bacteria could be obtained 

from those samples. Idexx SediVue dx suspected or identified bacteria in 43 samples (28.1%). 

Rods were suspected in 26 samples (17.0%), present in eight (5.2%) and cocci suspected in 20 

(13.1%) and present in two samples (1.3%). Both cocci and rods were suspected to be present 

simultaneously in 15 samples (9.8%).  
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Based on sediment analysis bacteria was not identified in 87 samples (58.9%). Pyuria was detected 

in 69 samples (45.1%). Struvite crystalluria was observed in the sediment in 60 samples (39.2%). 

Results of urine sediment and dipstick analysis are gathered to a graph in figure 8.  

 

4.2.3 Results of urine dipstick analysis and specific gravity 

 

Glucosuria was found in 21 samples (13,7%). Proteinuria was detected in 117 samples (76.5%). 

Ketonuria was present in only one sample (0.7%). Bilirubinuria was not found in any of the 

samples. pH was neutral in majority of samples (61.4%). Mean pH was 7.3 (SD±0.6, range 5-9). 

Alkalinuria was present in 47 of samples (30.7%).  

 

Urine specific gravity could be determined from 141 out of 153 samples. Mean was 1.038 (SD 

±0.01, range 1.011-1.060). Urine specific gravity was equal or higher than 1.04 in 83 samples. 

 

 

Figure 8. Urinalysis results of obstructed cats. 
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4.2.4 Bacteriological analysis of the urine samples 

 

From 153 analysed samples, 35 samples (22.9%) obtained from 33 patients were cultivated on 

Uricult growth plate. Growth was recorded in 7 (20.0%) out of 35 samples. Bacterial identification 

and sensitivity testing was performed only for two samples, out of which one was send to YESLAB 

in Helsinki, Finland and one sample to Idexx Laboratories in Germany. Sample that was sent to 

YESLAB did not yield growth. Sample sent to Idexx had growth, bacteria identified was 

Staphylococcus sp. No resistance against antimicrobials were detected. In total, growth was then 

recorded in 8 (21.6%) out of 37 samples. 

 

4.2.5 Association between sediment and culture results 

 

There was no statistically significant relationship between presence of bacteria in the urine 

sediment and the results of urine culture by Uricult (p = 0.3). Culture had growth in 11.4% (4/35) 

of samples in which bacteria was present in the sediment and in 8.6% (3/35) of samples where 

bacteria was not detected. Culture was negative in 34.2% (12/35) of samples where bacteria was 

detected in the sediment and in 45.7% (16/35) of samples where bacteria was not detected. Due to 

significant haematuria in two samples, presence or absence of bacteria and pyuria could not be 

determined in those samples.  

 

The presence of pyuria in the urine sediment was associated with the urine culture results (p = 

0.02). Culture was positive in 17.1% (6/35) (95% CI 7.2-32.29) of samples with pyuria and 2.9% 

(1/35) (95% CI 0.1-13.3) of samples with no significant pyuria. Culture was negative in 31.4% 

(11/35) (95% CI 17.8-48.0) of samples that contained pyuria and in 48.6% (17/35) (95% CI 32.5-

64.9) of samples where pyuria was not recorded.  

 

4.3 Antimicrobial treatment 
 

In total, antimicrobials were prescribed to cats diagnosed with urinary obstruction in 96 cases 

(62.7%) to 77 patients (62.1%) during the three-year study period.  
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The recommended length of antimicrobial treatment course in cases of feline urinary tract infection 

is 3-5 days. However, over 1/3 of the cases where antimicrobials were prescribed, (27/77, 35.1% 

%) the length of antimicrobial treatment exceeded the recommended length. The mean length of 

the treatment was 5.4 days (SD ±1.5 days) and ranging between 2.5-10 days. 

 

Twice a day dosing (BID) was used in 47 cases (61.0%) and three times a day dosing (TID) in 30 

cases (39.5%). 59 patients received one dose of amoxicillin intravenously (IV). Patients that were 

hospitalized and had indwelling catheter placed received IV amoxicillin TID. The mean dose of 

amoxicillin administered IV was 21.4mg/kg (SD ±1.5mg/kg, range 15.4-239.0mg/kg). 32 patients 

received one dose of amoxicillin IV at the hospital and treatment regimen with amoxicillin 

clavulanic acid was continued for few days. 45 patients were prescribed amoxicillin clavulanic acid 

at home. Mean dose of amoxicillin and clavulanic acid was 20.2 mg/kg (SD±3.7mg/kg, range 11.0-

28.1 mg/kg). 

 

The presence of bacteria in the urine sediment was associated with decision to treat patient with 

antimicrobials (p = 0.004). Antimicrobials were prescribed in 26.6% (34/128) (95% CI (19.5-34.7) 

of cases where bacteria were present in the sediment and in 32.0% (41/128) (95% CI 24.4-40.5) 

cases where no bacteria were detected. Antimicrobials were not prescribed in 7.0% (9/128) (95% 

CI 3.5-12.5) cases where bacteria were present and in 34.4% (44/128) (95% CI 26.5-42.9) of cases 

with no bacteria in the sample. 

 

Presence of significant haematuria in the urine sample and prescription of antimicrobials were 

associated (p = 0.02). Antimicrobials were prescribed in 16.0% (17/106) (95% CI 9.9-24.0) of 

cases where haematuria was present in the sediment and in 36.8% (39/106) (95% CI 28.0-46.3) of 

cases where no haematuria was present. Antimicrobials were not prescribed in 5.7% (6/106) (95% 

CI 2.3-11.4) of cases where haematuria was observed and in 41.5% (44/106) (95% CI 32.4-51.1) 

of cases in which haematuria did not occur in the sample. 

 

No significant association was noted between the presence of growth in urine culture and the 

decision to treat patient with antimicrobials (p = 0.07).   
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Association with detection of pyuria in the urine sediment and prescription of antimicrobials was 

significant (p = 0.01). Antimicrobials were therefore likely to be prescribed if sample contained 

pyuria (≥ 8 WBC/HPF). Antimicrobials were prescribed in 31.3% (40/128) (95% CI 23.7-39.7) 

cases where pyuria was present, in 27.3% (35/128) (95% CI 20.2-35.6) cases where no pyuria was 

observed. Antimicrobials were not prescribed in 13.3% (17/128) (95% CI 8.2-20.0) cases where 

sample contained pyuria and in 28.1% (36/128) (95% CI 20.9-36.4) samples where no pyuria was 

detected. 
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5 DISCUSSION 
 

Aim of this study was to describe the urinalysis and urine sediment results in felines diagnosed 

with UO and to record usage of antimicrobials in these cases. Hypothesis was that the findings in 

the urine sediment would be associated with the decision to prescribe antimicrobials. 

 

Vast majority of the study population were castrated male cats. This is in correlation with previous 

studies as male cats are much more likely to develop urethral obstruction compared to females due 

to their long and narrow urethra (Cooper, 2015). Most cats in the study were domestic shorthairs. 

Majority of the cats were adults and slightly overweight. According to a study by Segev et al. 

(2011), increased body weight and relatively young age were considered risk factors for 

development of urethral obstruction in cats.  

 

In this study, bacteria were recorded in the sediment of approximately 1/3 of urine samples. 

Because urine culture was performed only for small portion of samples, true incidence of 

bacteriuria could not therefore be reliably determined. Also, the incidence of significant bacteriuria 

might be overestimated in samples taken via catheter because there is always some level of 

contamination expected depending on how aseptically the sampling procedure had been performed. 

Eggertsdóttir et al. (2007) did not find a significant difference in bacteriuria results between urine 

collected by cystocentesis and by catheterisation in their study. Majority of the samples in this 

study were taken via the catheter. This is most likely due to the risk related to bladder rupture or 

tear related while sampling by cystocentesis from a distended and friable bladder.  

 

Urinalysis showed haematuria in almost all samples. Proteinuria and crystalluria were also 

common findings detected in urine of obstructed cats. Glucosuria was seen more seldomly and was 

likely to be stress induced. pH was alkaline or neutral in most samples. These findings are typical 

in cases of UO on cats and consistent with findings of other studies e.g., Segev et al., 2011; 

Hugonnard et al., 2013. It should also be considered that traumatic sample collection may also 

induce bleeding and tissue damage, causing microscopic haematuria which cannot be differentiated 

from pathological haematuria (Lund et al., 2013).  
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Results of this study might suggest that there is no association with the presence of bacteria in the 

sediment and urine culture results whereas association between culture results and the presence of 

pyuria in the urine sediment was observed. However, findings of a study by Hugonnard et al. 

(2013) obtained the opposite results, showing correlation between bacteria in sediment and culture 

findings, while correlation between pyuria and culture results did not exist. However, a study by 

Bailiff et al. (2008) with study population of 614 cats detected that the presence of pyuria, 

bacteriuria, and haematuria were all significantly associated with positive urine culture outcome. 

With significantly larger sample size, reliability of their results is likely higher than the one in this 

study with limited number of specimens. Although one considerable difference is that both Bailiff 

et al. (2008) and Hugonnard et al. (2013) analysed sediment with microscope instead of an 

automated analyser. In a study by Neubert and Weber (2021) in which urine samples from 191 cats 

were analysed with same automated urine sediment analyser Idexx SediVue dx as was used in this 

study. They concluded that in samples that were declared to be free from bacteria by SediVue had 

no growth in culture and in samples that SediVue clearly detected bacteria, majority of samples 

were culture positive. Although the sensitivity and specificity were high on these samples, 100% 

and 96% respectively, the overall specificity dropped to 45% once all samples were considered, 

including those which did not have so clear interpretation result. Sensitivity was 82% and 

specificity was 75% for the ability of the automated leukocyte count to predict bacteriuria. 

Therefore, although SediVue appears to be sufficient to predict culture results in cases where the 

presence or absence of bacteria is clear, whereas in unclear cases it is less reliable. It should also 

be noted that between different studies the cut-offs values for bacteria, pyuria, and haematuria 

differ, and there are differences in preanalytical treatment of samples that makes comparison 

between studies difficult. 

 

Examination of sediment with automated analyser such as SediVue is faster and less observer-

dependent than with a microscope, but the weak point of SediVue is that it may falsely interpret 

other particles as bacteria when the presence of true bacteriuria is low or non-existent. This occurs 

especially in cases of crystalluria. In addition, SediVue cannot identify bacteria if there is 

significant haematuria present. Therefore, as the manufacturer instructions, microscopic images 

taken by SediVue should always be viewed and in cases of unreliable result and culture is needed 

to confirm the infection.  
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The results of this study indicated that the clinician’s decision to prescribe antimicrobials in felines 

with urinary obstruction was largely based on the findings in the urine sediment. Presence of 

bacteria in the urine sediment was associated with the decision to prescribe antimicrobials. In 

addition, association between the use of antimicrobials and the presence of pyuria (≥ 8 WBC/HPF) 

in the urine sediment was also detected. Although the urine sediment is an important diagnostic 

tool, previous studies have proven that there is a significant overlap between sediment findings in 

felines with UTI and felines with other urinary tract disease. For instance, it should be noted that 

haematuria is present in over 70% of cats with FIC and can be observed in patients with urolithiasis 

and bladder neoplasia. Haematuria and pyuria can also be observed in 28–77% and 35–100% of 

cases of subclinical bacteriuria respectively (Gerber et al., 2005; Eggertsdóttir et al., 2011). In this 

study there was a significant association between antimicrobial prescriptions and presence of 

haematuria in the urine sediment. It can be assumed that the clinical thinking behind this is that as 

blood is a good growth plate for bacteria, infection is to be expected. In addition, as crystals and 

uroliths create mechanical irritation to the bladder and can damage the bladder mucosa they too 

predispose to UTI. Being the assumed reason why antimicrobial treatment was used in those cases.  

 

This study found that the mean length of antimicrobial treatment varied considerably between 

cases. In addition, some patients received only one dose of IV amoxicilin but where not given 

antimicrobials to home. Reasoning of this was not recorded but can be assumed to prevent CAUTI.  

 

The recommended length of antimicrobial treatment in cases of feline urinary tract infection is 3-

5 days. It is recommended that in case when treatment must be initiated before results from culture 

it should be initiated with first-line antimicrobial, such as amoxicillin, amoxicillin clavulanic acid, 

or trimethoprim sulfonamide (Little, 2012; Weese et al., 2019). In this study all cats that received 

antimicrobial treatment were given either amoxicillin IV or amoxicillin clavulanic acid to home or 

both. In 1/3 of the cases where antimicrobials were prescribed, the length of antimicrobial treatment 

exceeded the recommended length. There was also remarkable variance in the dosage of the drug. 

Dosage interval was either BID or TID.  
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As this study recorded antimicrobial use only in one hospital, it cannot be extrapolated to represent 

the antimicrobial use in the whole country, and how well veterinarians in other parts of Finland 

follow the antimicrobial guidelines. According to the results, veterinarians in Small Animal 

Hospital Vettori prescribe antimicrobials following the guidelines for their use. However, it 

remains to be answered what was the clinical reasoning behind the large variance in the length and 

dosage of prescribed antimicrobials as no concurrent pathologies were identified in these patients 

in which used antimicrobial dose was larger or treatment longer than recommended.  

 

Reliability of this study was unfortunately decreased by due to the fact that it was a retrospective 

study and as the data was collected from the patient information system afterwards, some of the 

needed information was not recorded and there was no standardization for method of sample 

collection. If this study would have been prospective and the clients had been informed about the 

study, one could have obtained follow-up information about patients’ recovery. Reliable 

information about potential recurrence or recovery could not therefore be collected. It must also be 

considered that as Vettori is only one of the many clinics in Southwest Finland, some of the patients 

could have visited another clinic for follow-up, further treatment, or in a case of re-obstruction.  

 

Although the patient data otherwise was sufficient, limitation for the study was small number of 

samples that were cultivated. Therefore, true bacteriuria in samples could not be trustworthy 

estimated and valid association between urine culture results and decision to prescribe 

antimicrobials could not be determined with the scope of this thesis. Association with each finding 

on the urine sediment and antimicrobial use was studied individually without considering the 

combined effects of multiple simultaneous findings.  

 

It would be recommended to conduct culture and sensitivity testing more frequently, especially 

with recurrent cases where cat has already received several antimicrobial courses, due to increased 

risk of development of resistant strains and treatment failure. In case no complicating pathologies 

are present, the length of antimicrobial course, interval of administration, and dosage of the drug 

should be more uniform and consistent. 
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6 CONCLUSIONS  
 

Urine of the obstructed felines contained haematuria in almost all samples.  Bacteriuria, pyuria, 

crystalluria, and proteinuria were also detected in several samples. However, true incidence of 

bacteriuria could not be determined due to small number of cultured samples. According to the 

results of this study, urine sediment results did not have association with culture results in cases of 

bacteriuria whereas association with pyuria and culture results occurred. However, reliability of 

results causes somewhat concerns regarding small number of cultured samples. In addition, 

previous studies have determined that the presence of pyuria, bacteriuria, and haematuria in the 

urine sediment is indicative of positive urine culture outcome. 

 

Decision to prescribe antimicrobials was largely based on the presence of bacteriuria, pyuria, or 

significant haematuria in the urine sediment as urine culture was seldomly performed. Guidelines 

for antimicrobial treatment were followed as used antimicrobials were targeted against the most 

likely pathogen and in majority of cases the length of the treatment was the recommended 3 to 5 

days. More thorough studies are needed to further evaluate the use of antimicrobials in the whole 

country which is to some extent monitored by Finnish Food Authority. In addition, larger sample 

pool of cultured urine samples should be obtained to estimate true level of bacteriuria in the urine 

of obstructed cats to determine the reliability of results of sediment analyser. 
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