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Ossective: To evaluate the effect of intraurethral administration of atracurium besylate for urinary

obstruction resulting from urethral plugs in male cats.

MetHops: Forty-five male cats were divided into the treatment group (n=25), in which 4 mL atracurium

besylate solution (0-5 mg/mL) was injected into the urethral lumen, and the control group (n=20),

treated with saline. All cats were then submitted to retrograde flushing until the removal of the occlu-

sion was obtained.

ResuLts: The percentage of cats in which the plug was removed at the first attempt was significantly

(P<0-05) higher in the treatment group (64%) than in the control group (15%). Moreover, the mean

(£SD) time required for the removal of the urethral obstruction was significantly shorter in the treat-
ment group than in the control group (21-1 +16-2 seconds versus 235-2 +132-4 seconds; P<0-001).

CuinicaL SiaNiFicance: The results of this study indicate that in adult male cats with urethral plugs, ure-

thral administration of atracurium besylate increases the proportion of animals in which the obstruc-

tion is removed at the first attempt and reduces the time required to remove the urethral plugs.
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INTRODUCTION

Obstruction of the lower urinary tract is a common disorder in
male cats. According to Kruger and others (1991), urethral plugs
are the most common cause of urinary tract obstruction (59%),
followed by idiopathic obstruction (29%) and then by uroliths
(12%). Barsanti and others (1996) found urethral plugs and idio-
pathic obstruction to be equally responsible for urethral occlu-
sion (42%), while a more recent study (Gerber and others 2005)
reported a considerably lower percentage of urethral plugs com-
pared to uroliths or idiopathic obstructions. Other less-frequent
causes of urethral obstruction are neoplasms, stenosis, abscesses
and cysts.

Urethral plugs are more likely to occur in the postprostatic/
penile tract of the urethra because of the smaller diameter of the
lumen in this region (Wang and others 1999, Filippich 2006).
Inflammation of the bladder and urinary crystals appear to play
important roles in the formation of urethral plugs (Osborne and
others 1996a, Hostutler and others 2005). The composition of
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plugs is indeed predominantly a mixture of matrix made by pro-
teins and epithelial/blood cells plus a variable amount of mineral
crystals (mainly struvite) (Osborne and others 1996b). Urethral
plugs rapidly lead to severe distension of the bladder and subse-
quently to postrenal azotaemia. In the absence of effective treat-
ment, affected cats usually die within three to six days (Bartges
and others 1996).

The most commonly employed procedure to remove urethral
plugs in order to enable bladder voiding is retrograde flush-
ing (Bernard 1984, Osborne and others 1996¢, Walker 2009).
Pharmacological management may facilitate removal of the ure-
thral obstruction (Straeter-Knowlen and others 1995) and may
reduce urethral damage, which could afterwards lead to com-
plications or to a recurrence of the obstruction (Corgozinho
and others 2007). Intravenously (iv) administered smooth and
striated muscle relaxants, including acepromazine, phenoxyben-
zamine, prazosin, dantrolene and diazepam, have been studied
for their ability to relax the urethral musculature, to aid relief
of the obstruction and to prevent recurrences (Mawby and oth-
ers 1990, Frenier and others 1992, Stracter-Knowlen and others
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1994, Marks and others 1996). However, because these systemic
treatments generally have side effects and their effectiveness is
limited, they are not suitable for routine clinical practice (Lane
1995, 2000, Gaskell 2007). While the centrally acting muscle
relaxant diazepam did not induce a significant pressure decrease
in any of the urethral segments in anaesthetised, healthy, sexually
entire male cats, dantrolene sodium, a direct-acting skeletal mus-
cle relaxant, was effective in promoting a significant decrease in
intraurethral pressure of the postprostatic/penile regions in clin-
ically healthy cats and cats with urethral obstruction (Straeter-
Knowlen and others 1994, 1995). Intravenously administered
succinylcholine, a depolarising neuromuscular blocking drug,
has also been studied and was effective in reducing urethral pres-
sure in healthy anaesthetised cats (Stracter-Knowlen and others
1994). However, succinylcholine causes respiratory paralysis and
is not, therefore, used for clinical applications in obstructed cats
(Straeter-Knowlen and others 1994). Nevertheless, these obser-
vations indicate that skeletal muscle relaxants might be helpful
for pharmacological management of lower urinary tract disor-
ders in male cats.

Atracurium besylate (AB) is a curare derivate employed in
humans and tested in cats (Coker and others 1981, Sutherland
and others 1983) to obtain optimal muscle relaxation during
surgery. AB acts as a neuromuscular blocking agent by antago-
nising acetylcholine at the nicotinic receptors in the neuro-
muscular junction and, therefore, induces paralysis of striated
muscle (Coker and others 1981, Sutherland and others 1983).
The metabolism of AB does not depend on renal or liver func-
tion, but AB is quickly inactivated by plasma esterases or by
spontaneous degradation (Neill and Chapple 1982). AB can,
therefore, be used in cats with liver or kidney failure without
an increase of its effects (Bowman 2006, Martinez and Keegan
2007).

The aim of the present study was to evaluate the effect of intra-
urethral administration of the neuromuscular blocking agent AB
on the resolution of urinary obstruction due to urethral plugs in
male cats.

MATERIALS AND METHODS

The present prospective study was conducted in a non-blinded
fashion between January 2008 and July 2010 on two groups
of client-owned male cats brought to the “Veterinary Clinic
Castellarano” (RE, Italy) with clinical signs of urinary retention.
The study was performed in compliance with the requirements
of Local Ethics Committee and informed consent was obtained
from the owners before the participation of their cats in the
study.

A diagnosis of urethral obstruction was made by the medi-
cal history of the animals (presence of anuria or stranguria last-
ing one to four days), physical examination (palpation of the
bladder) and detection of urethral obstruction by urethral cath-
eterisation. Urethral plugs were diagnosed when traces of a plug
were detected after the withdrawal of the urinary catheter. Sur-
vey radiographs and ultrasonography were also used in order to
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exclude the presence of uroliths. Cats with obstruction located
at the tip of the penis were not included in this study because of
the impossibility of performing intraurethral irrigation. Only the
cats in which the obstruction was located in the postprostatic/
penile urethra, i.e. when the plug could be reached by a 32-mm-
length catheter, were included in the study. The reason for this
was to exclude the animals with obstruction in the urethral seg-
ment with prevalent smooth muscle control. All enrolled cats had
urinary retention with total absence of bladder emptying and the
cats that had been obstructed or catheterised before (recurrent
cases) were excluded.

None of the cats received any drugs for at least 24 hours before
the treatment. The cats (n=45) were divided into 2 groups in
alternating order; the treatment group (n=25), treated with AB,
consisted of 19 neutered and 6 entire male cats, while the control
group (n=20), not treated with AB, consisted of 13 neutered and
7 entire male cats.

Simple physical restraint was sufficient to perform the proce-
dure in three cats in the treatment group and in one cat in the
control group, as they were cooperative or had sensorial depres-
sion; all the other animals were premedicated with acepromazine
(0-025 mg/kg) and butorphanol (0-2 mg/kg), and anaesthetised
with propofol (2 mg/kg) and isoflurane.

Drugs

For the preparation of the intraurethral solution, 0-2 mL of AB
(Tracrium, 10 mg/mL, Glaxo SmithKline, San Polo di Torrile,
Parma, Italy) was diluted in 3-8 mL of 0-9% sodium chloride to
obtain a final volume of 4 mL with a 0-5 mg/mL concentration
of AB. The concentration of AB was established empirically, as
this is, to the authors’ knowledge, the first work concerning local
intraurethral administration of this compound. The concentra-
tion of the AB solution (0-5 mg/mL) was the same used in a
previous study to improve local peribulbar anaesthesia for oph-
thalmic surgery in humans (Kiigiikyavuz and Arici 2002).

Treatment procedure

The cats were placed in a lateral recumbency and, after disin-
fection of the sheath, the penis was extruded and a sterile, iv
polytetrafluoroethylene catheter of 3 F x 32 mm (Delta Ven 1°),
previously lubricated with Luan®, was carefully introduced into
the urethra. A 5-mL syringe containing either AB or saline solu-
tion was attached to the catheter and a steady, gentle pressure
was exerted on the syringe plunger for 5 minutes while the ure-
thral orifice was pressed with two fingers to prevent leakage of the
solution. Then, the syringe was removed and a retrograde flush-
ing with saline was performed for a maximum of 20 seconds.
This 20-second period refers only to the total time of flushing
and does not include “downtime” such as the time required to
reload the syringe.

If the obstruction was not removed by the first attempt, the
entire procedure (5 minutes treatment and subsequent flushing)
was immediately repeated until the urethral plug was removed
(Fig 1). The times of retrograde flushing were recorded with
a chronometer and then summed to obtain the overall time
required to remove the obstruction.
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FIG 1. Treatment procedure. Each attempt was composed by a 5-minute
intraurethral administration of atracurium besylate (treatment group)

or saline (control group), followed by a 20-second retrograde flushing
with saline. The overall time of retrograde flushing needed to remove the
obstruction was recorded

Statistical analysis

All data were expressed as mean +SD and analysed by multiple
regressions, with time (in seconds) of retrograde flushing as the
dependent variable and group (treatment versus control), sexual
status (neutered versus entire), weight and age as independent
variables. The non-parametric Mann-Whitney U-test was used
for variable comparisons between groups. The chi-square test was
used to compare the number of animals that responded or not to
the treatment after the first actempt. The level of statistical sig-
nificance was set at P<0-05. Analyses were performed by a com-
mercial software programme (SPSS, version 10.0, IBM).

RESULTS

The breeds of cats were domestic shorthair (22 treated and 15
controls), domestic longhair (3 treated and 3 controls), Chartreux
(1 control) and Maine coon (1 control). The mean age of the
cats in the treatment group was 4-50 +3-2 years and their mean
weight was 5-59 +2-2 kg. The corresponding values for the con-
trols were 4-45 +2.5 years and 5-85 +1-4 kg (Table 1).

There was no significant difference in age or weight between
the treatment and control group and neither age nor weight of
the animals affected the time required for plug removal in a sig-
nificant fashion (Table 1).

In the treatment group, the urethral plugs were removed at the
first attempt in 16 cats (64%), P<0-05, and in the remaining 9
at the second attempt (36%). By contrast, in the control group,
the urethral plugs were removed at the first attempt only in 3 cats
(15%), whereas in the other 17 more than one treatment was
needed (Table 1). The overall time required for the removal of the
urethral plug was significantly shorter (P<0-001) in the treatment
group compared with the control group (20-7 +16-2 seconds ver-
sus 235-2 £132-4 seconds, respectively) (Table 1).

Sexual status (neutered or entire) did not influence the time for
plug removal in the treatment group (21-8 +22-0 and 25-3 +11-6
seconds for neutered and entire cats, respectively, P=0-39), but
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Table 1. Means tSD of age, weight, percentage of
subjects responding to the first treatment, and overall

time required to remove the urethral obstruction in
AB- and saline-treated cat groups

Age (years) Weight (kg) Response Overall time for
at first plug removal
attempt (%) (seconds)
AB 4-50 £2:5 5-59 +2.2 64* 20-7 £16-2%*
Saline 4:45 2.5 5-85 +1-4 15 235-2 +132:4

AB Atracurium besylate
*P<0-05 versus saline; **P<0-001 versus saline

amongst the cats in the control group, the plugs were removed
more quickly in neutered compared to entire animals (139-1
+144.7 seconds versus 376-8 £278-1, respectively, P<0-05).

DISCUSSION

In clinical practice, the most commonly used procedure to
remove urethral plugs in male cats in order to re-establish blad-
der voiding is retrograde flushing. This technique is not devoid
of risks as the catheter could damage the urethra and the sub-
sequent inflammation may lead to a relapse of the occlusion
caused by muscle spasm and/or oedema of periurethral tissues
(Corgozinho and others 2007). Urethral plugs occur more fre-
quently in the postprostatic/penile urethra because of the smaller
diameter of the urethral lumen in this tract (Hostutler and others
2005, Filippich 2006). Since this portion of the urethra is under
predominant control by striated muscle cells (Wang and others
1999), the neuromuscular blocker AB, given intraurethrally, was
used to see if it could improve the removal of the obstruction, by
a relaxing action on urethral musculature.

There are currently no reports of urinary diseases associated
with the presence of urethral plugs in men, so very little can be
learned from human studies that might prove helpful for this
disorder in cats. In the human genitourinary tract, urethral cal-
culi are fairly uncommon, accounting for only 1% of all urinary
calculi (Hemal and Sharma 1991). Symptomatic calculi that fail
to be expelled spontaneously require management by methods
such as flush-back treatment, endoscopic extraction or extracor-
poreal shock wave lithotripsy (Gerber 1981, Al-Ansari and others
2005).

Muscle-relaxing drugs have already been tested in the cat
for their effects on urethral tone. Previous experiments suggest
that only drugs acting directly on striated muscle are effective in
reducing the pressure in the postprostatic/penile segment of the
urethra in cats. Indeed, acepromazine, xylazine, alpha-adrener-
gic antagonists such as phenoxybenzamine and prazosin or the
calcium-channel blocker nifedipine were effective only at prepro-
static or prostatic level (Mawby and others 1990, Frenier and
others 1992, Marks and others 1996), whereas the efficacy of
diazepam was controversial (Mawby and others 1990, Straeter-
Knowlen and others 1994). Conversely, the ryanodine-receptor
antagonist, dantrolene, and neuromuscular blocker succinylcho-
line succeeded in reducing the tone of the postprostatic/penile
tract (Straeter-Knowlen and others 1994, 1995). The efficacy of
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these compounds appears to be limited, though, and Straeter-
Knowlen and others (1995) doubted the real utility of such
treatment in urethral obstruction in cats. Another major issue
is represented by the necessity of administering these drugs sys-
temically, thus bearing side effects, the relevance of which could
seriously hinder a putative beneficial activity.

The results of our study indicate that intraurethral administra-
tion of AB can be useful in the removal of urethral plugs causing
urethral obstruction in male cats. Indeed, following treatment
with AB, the urethral plugs were removed at the first atctempt in
a significantly higher number of cats (64%), compared to saline-
treated cats (15%). Altogether, the overall time required for the
removal of the urethral plugs was significantly shorter in the
treated group with respect to control patients. This could be clini-
cally relevant because it would allow reducing the damage to the
urethra caused by flush-back treatment and by the presence of
the catheter in the urethral lumen (Corgozinho and others 2007).

This is the first evidence of an efficacy of intraurethral admin-
istration of a skeletal muscle relaxant in the management of ure-
thral obstruction in male cats. The data are in accordance with
the previous work in which AB, given iv, was effective in relieving
distal urethral spasm in cats with experimentally induced cauda
equina lesions (Flood and others 1990). This study suggests that
AB is able to act directly on skeletal muscle to decrease urethral
tone in the postprostatic/penile segment.

Curare derivates, like AB, are usually employed iv to achieve
total muscular relaxation for surgical procedures. To the present
day, very little is known about the effects of topical administra-
tion of a curare derivate (Kiiciikyavuz and Arici 2002). Systemic
administration of AB induces a paralysis of all skeletal muscles,
with failure of spontaneous breathing and can cause dangerous
side effects like hypotension and tachycardia (Mirakhur 1990).
Non-depolarising neuromuscular blockers can also interact with
other drugs, like inhalation anaesthetics, and antibacterial agents,
like aminoglycosides and polymyxins (Ostergaard and others
1989, Dickens 1995).

Local administration of AB could be useful, because it mini-
mises the risks of adverse effects. Indeed, muscle weakness or any
other side effect related to AB administration was not detected
in this study.

AB is chemically stable in 0-9% sodium chloride (Pramar and
others 1996) but is characterised by a very low liposolubility,
so only few molecules are normally able to cross the biological
membranes (Neill and others 1983). However, the efficacy of AB
observed in our study seems to suggest that, at the concentra-
tion used, enough drug was able to cross the urethral mucosa to
induce at least a partial paralysis of the urethral muscle. The vol-
ume of AB solution used (4 mL) may have stretched the urethral
mucosal surface to allow sufficient contact between the drug and
the urothelium during the 5 minutes of administration. Urethral
inflammation and associated disruption of the epithelial barrier
may have further facilitated AB penetration and efficacy. How-
ever, further investigation will be required to better understand
the real bioavailability of AB by intraurethral route.

An interesting observation of this study is that, in the con-
trol group, the time required to remove the urethral obstruction
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was shorter in neutered cats than in sexually entire cats (P<0-05).
This observation is consistent with those of previous studies in
which it was found that mean urethral pressure is generally lower
in neutered cats than in sexually entire cats and, therefore, that
less retrograde flushing would be required to remove the obstruc-
tion and/or the effect of AB would be less significant (Straeter-
Knowlen and others 1995). A difference in time for removal of
the obstruction between neutered and sexually entire animals
was not observed in the treatment group, because the treatment
already reduced the overall time for plug removal.

It would be enlightening in the future to assess the effects of
AB in a larger number of entire cats affected by urethral plugs.

In the present work only one dose of AB was evaluated. It
would be important to test higher and lower doses of this drug
in further experiments, in order to assess the presence of a dose-
dependent effect and to determine the optimal dose of AB to
be used. It would also be interesting to assay the effects of other
striated muscle relaxants by the intraurethral route and to use
instruments for the measurement of bladder pressure. Bladder
pressure could only be assessed subjectively and this could be a
limitation of the study as it might have influenced how easy it is
to flush the plug into the bladder. Another limitation is that it
was not possible to assess precisely how long the cats had been
obstructed before the treatment because they were client-owned
cats and therefore not always under control.

In conclusion, the results of this study indicate that, in adult
male cats, intraurethral administration of AB before retrograde
flushing technique may facilitate the clinical management of ure-
thral plugs by reducing the overall time needed to remove the
obstruction.

Acknowledgements

We wish to thank Prof. Ezio Bottarelli for the statistical analysis.
We also thank the staff of the Veterinary Clinic “Castellarano” for
their collaboration and support.

Conflict of interest

None of the authors of this article has a financial or personal
relationship with other people or organisations that could inap-
propriately influence or bias the content of the paper.

References

AL-AnsARI, A., SHAMsoDINI, A., Younis, N., JaLeer, O. A., AL-Rusaial, A. & SHOKEIR, A.
A. (2005) Extracorporeal shock wave lithotripsy monotherapy for treatment
of patients with urethral and bladder stones presenting with acute urinary
retention. Urology 66, 1169-1171

BarsanTi, J. A., BRowN, J., MARks, A., REeck, L., GReenE, C. E. & Finco, D. R. (1996)
Relationship of lower urinary tract signs of seropositivity for feline immuno-
deficiency virus in cats. Journal of Veterinary Internal Medicine 10, 34-38

BartaEes, J. W., Finco, D. R., Powzin, D. J., OsBornE, C. A., BArsanTI, J. A. & Brown,
S. A. (1996) Pathophysiology of urethral obstruction. Veterinary Clinics of
North America: Small Animal Practice 26, 255-264

BernARD, M. A. (1984) Therapy of feline urethral obstruction.
Veterinary Journal 25, 443-444

Bowman, W. C. (2006) Neuromuscular block. British Journal of Pharmacology
147(Suppl 1), S277-S286

Coker, G. G., DEwaRr, G. H., HuaHEes, R., Hunt, T. M., PAYNE, J. P, STENLAKE, J. B. &
WaigH, R. D. (1981) A preliminary assessment of atracurium, a new competi-
tive neuromuscular blocking agent. Acta Anaesthesiologica Scandinavica
25, 67-69

CoracoziNHo, K. B., pe Souza, H. J., Pereira, A. N., BeLcHior, C., pa Siva, M. A.,
MarTins, M. C. & Dawmico, C. B. (2007) Catheter-induced urethral trauma in
cats with urethral obstruction. Journal of Feline Medicine and Surgery 9,
481-486

Canadian

Journal of Small Animal Practice « Vol 53 « July 2012 + © 2012 British Small Animal Veterinary Association



Treatment of urethral plugs in male cats

Dickens, M. D. (1995) Pharmacology of neuromuscular blockade: interactions
and implications for concurrent drug therapies. Critical Care Nurse 18, 1-12

FiuepicH, L. J. (2006) The cat straining to urinate. In: Problem-Based Feline
Medicine. Ed J. Rand. Elsevier Saunders, Edinburgh, UK. pp 173-192

FrLoop, H. D., Downig, J. W. & Awap S. A. (1990) Urethral function after chronic
cauda equina lesion in cats. Il. The role of autonomically-innervated smooth
and striated muscle in distal sphincter dysfunction. Journal of Urology 144,
1029-1035

FRrReniER, S. L., KNowLen, G. G., SpetH, R. C. & Moorg, M. P (1992) Urethral pres-
sure response to alpha-adrenergic agonist and antagonist drugs in anes-
thetized healthy male cats. American Journal of Veterinary Research 53,
1161-1165

GAskELL, C. J. (2007) The lower urinary tract. In: Feline Medicine & Therapeutics.
3rd edn. Eds E. A. Chandler, C. J. Gaskell, R. M. Gaskell. Wiley Blackwell,
Oxford, UK. pp 313-324

GerBer, W. L. (1981) Endoscopic extraction of urethral calculi. Urology 17,
188-189

GERBER, B., BoretTl, F. S., KLEY, S., LaLuHA, R, MuLLERr, C., SieBer, N., UNTERER, S.,
WENGER, M., FLuckiger, M., GLaus, T. Y. & ReuscH, C. (2005) Evaluation of clini-
cal signs and causes of lower urinary tract disease in European cats. Journal
of Small Animal Practice 46, 571-577

Hemal, A. K. & SHARMA, S. K. (1991) Male urethral calculi. Urologia Internationalis
46, 334-337

HosTuTLer, R. A., CHew, D. J. & Di Bartora, S. R (2005) Recent concepts in
feline lower urinary tract disease. Veterinary Clinics of North America: Small
Animal Practice 35, 147-170

KruGer, J. M., OsBorng, C. A., GovaL, S. M., Wickstrom, S. L., Jounston, G. R.,
FLetcher, T. F. & Brown, R A. (1991) Clinical evaluation of cats with lower
urinary tract disease. Journal of American Veterinary Medicine Association
199, 211-216

Kocukyavuz, Z. & Aricl, M. K. (2002) Effects of atracurium added to local
anesthetics on akinesia in peribulbar block. Regional Anesthesia and Pain
Medicine 27, 487-490

LANE, I. F. (1995) Disorders of micturition. In: Canine and Feline Nephrology and
Urology. Eds C. A. Osborne and D. R. Finco. Williams & Wilkins, Philadelphia,
PA, USA. pp 693-717

Lang, I. F. (2000) Diagnosis and management of urinary retention. Veterinary
Clinics of North America: Small Animal Practice 30, 25-57

MaRks, S. L., STRAETER-KNOWLEN, |. M., Moore, M., SpeTH, R., Risiniw, M. & KNOWLEN,
G. G. (1996) Effects of acepromazine maleate and phenoxybenzamine on
urethral pressure profiles of anesthetized, healthy, sexually intact male cats.
American Journal of Veterinary Research 57, 1497-1500

MarTiNEZ, E. A. & Keeean, R. D. (2007) Muscle relaxants and neuromuscu-
lar blockade. In: Veterinary Anesthesia and Analgesia. 4th edn. Eds W. J.

Journal of Small Animal Practice + Vol 53 « July 2012 « © 2012 British Small Animal Veterinary Association

Tranquilli, J. C. Thurmon and K. A. Grimm. Blackwell Publishing, Ames, IA,
USA. pp 419-437

Mawsy, D. ., Meric, S. M., CricHLow, E. C. & PapicH, M. G. (1990) Pharmacological
relaxation of the urethra in male cats: a study of the effects of phenoxyben-
zamine, diazepam, nifedipine and xylazine. Canadian Journal of Veterinary
Research 55, 28-32

MirakHUR, R. K. (1990) Side effects of atracurium. British Journal of
Anaesthesiology 64, 124-125

NEeiLL, E. A. & CHappLE, D. J. (1982) Metabolic studies in the cat with atracurium:
a neuromuscular blocking agent designed for non-enzymic inactivation at
physiological pH. Xenobiotica 12, 203-210

NEeiLL, E. A., CHappLE, D. J. & THompson, C. W. (1983) Metabolism and kinetics of
atracurium: an overview. British Journal Anaesthesia 55, 23S-25S

OsBoRNE, C. A., KRUGER, J. M. & LuuicH, J. R (19964a). Feline lower urinary tract dis-
orders. Definition of terms and concepts. Veterinary Clinics North American
Small Animal Practice 26, 169-179

OsBorng, C. A., LuuicH, J. P, KruGer, J. M., ULricH, L. K., BirD, K. A. & KOEHLER, L.
A. (1996b) Feline urethral plugs. Etiology and pathophysiology. Veterinary
Clinics of North America: Small Animal Practice 26, 233-253

OsBorNE, C. A., KRUGER, J. M., LuLicH, J. P, Bartaes, J. W. & Powzin, D. J. (1996¢)
Medical management of feline urethral obstruction. Veterinary Clinics of
North America: Small Animal Practice 26, 483-498

OsTERGAARD, D., EneBAEK, J. & ViBy-MogenseN, J. (1989) Adverse reactions and
interactions of the neuromuscular blocking drugs. Medical Toxicology and
Adverse Drug Experience 4, 351-358

PrAMAR, Y. V., Loucas, V. A. & Worp, D. (1996) Chemical stability and adsorption
of atracurium besylate injections in disposable plastic syringes. Journal of
Clinical Pharmacology and Therapeutics 21, 173-175

STRAETER-KNOWLEN, |. M., Marks, S. L., SpetH, R. C., WirTH, W. & KnowLEN, G. G.
(1994) Effects of succinylcholine, diazepam, and dantrolene on the urethral
pressure profile of anesthetized, healthy, sexually intact male cats. American
Journal of Veterinary Research 55, 1739-1744

STRAETER-KNOWLEN, |. M., Marks, S. L., Risiniw, M., SpetH, R. C., WirRTH, W. &
KnowLen, G. C. (1995) Urethral pressure response to smooth and skeletal
muscle relaxants in anesthetized, adult male cats with naturally acquired
urethral obstruction. American Journal of Veterinary Research 56, 919-923

SUTHERLAND, G. A., SQUIRE, |. B., GiBg, A. J. & MARsHALL, |. G. (1983) Neuromuscular
blocking and autonomic effects of vecuronium and atracurium in the anaes-
thetized cat. British Journal of Anaesthesiology 55, 1119-1126

WaLker, D. (2009) Feline urethral obstruction: a clinical refresher.
Veterinary Journal 62, 198-202

Wang, B., BHaDRA, N. & GRriLL, W. M. (1999) Functional anatomy of the male feline
urethra: morphological and physiological correlations. Journal of Urology
161, 654-659

Irish

ats



