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Urodynamic evaluation is an invasive and uncomfortable procedure that can cause physical
distress and is difficult to perform in uncooperative patients. The aim of this study was to
evaluate the effects of consciousness on urodynamic evaluation in an animal model.
Repeated cystometry, electromyogram, and measurement of serum cortisol concentrations
were performed in female cats under conscious (CON), conscious sedation (CS) and deep
anesthesia (DA) conditions. Urodynamic evaluation showed that there were no statistical
differences in maximum detrusor pressure or bladder capacity observed among the three
conditions. Under the DA condition, but not the CON and CS conditions, bladder
contraction was accompanied by an un-relaxed anal sphincter. Residue urine volume
significantly increased in the DA condition compared to the CON and CS conditions. The
levels of serum cortisol significantly increased after performing urodynamic evaluation
under the CON condition, whereas these levels were not significantly increased under the
CS and DA conditions. This study showed that conscious sedation has no adverse effects on

the urodynamic variables, and that it significantly reduces distress in cats undergoing the
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INTRODUCTION

The basic aim of urodynamics is to reproduce the patient’s symp-
tomatic complaints or usual voiding pattern during urodynam-
ics, and to provide a pathophysiological explanation by correlat-
ing the patient’s symptoms with the urodynamic measurements
and observations. In principle, urodynamic study should be per-
formed when the patient is awake and not sedated (1). Howev-
ey, it is difficult to perform urodynamic study in uncooperative
patients such as all infants and young children in the awake state,
even though the specific adaptations is provided, staff training,
environment, parental support, etc. In addition, the examina-
tion may induce systemic stress, and therefore can either nega-
tively affect urodynamic results or cause difficulties to correctly
analyze the data. Therefore, it is necessary to explore more suit-
able methodology for performing urodynamic study in unco-
operative patients.

Urodynamic study is feasible in animal under awake condi-
tion (2). However, numerous studies have shown that urody-
namic study, especially the cystometry, were often performed
under anesthesia or sedation in various experimental animal
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examination. These results may provide novel insights for performing urodynamic studies
in uncooperative patients.
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models by using different anesthetic agents, because it is diffi-
cult to perform urodynamic study in conscious animals (3-6).
These studies have demonstrated that if suitable doses and/or
classes of anesthetic agents were used, the anesthesia-induced
adverse effects on urodynamic results can be minimized, there-
by more closely simulate normal physiological responses. In
addition, such invasive and uncomfortable procedures, includ-
ing voiding cystourethrography, oral and maxillofacial surgery
and gastrointestinal endoscopy were successfully performed
under conscious sedation (7-9). Therefore, the aims of this study
were to evaluate the effects of level of consciousness on urody-
namic procedure, and the feasibility of performing urodynamic
study under conscious sedation by comparison of urodynamic
results and the extent of examination-induced systemic stress
under conscious, conscious sedation and general anesthesia
using an animal model.

MATERIAL AND METHODS

Experimental animals
Five healthy 2 to 3 yr-old female adult cats weighing 3.0 to 3.5 kg
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were used in this study. Each of the five cats underwent repeat-
ed urodynamic evaluation weekly while conscious (CON) and
under conscious sedation (CS) and deep anesthesia (DA) con-
secutively. While under the CON condition, the cat was placed
in a narrow box with a hole for the tail and urethral catheter, and
the tail was fixed to the edge of the hole to prevent catheter dis-
lodgment. CS and DA were maintained by subcutaneous injec-
tion of 3 mg/kg or 10 mg/kg zoletil (a combination of tiletamine
and zolazepam), respectively, because our preliminary study
showed that these doses of zoletil effectively maintain CS and
DA conditions in cats. The animal experiments were approved
by the Institutional Animal Care and Use Committee (IACUC)
of the Clinical Research Institute at the Seoul National Univer-
sity Hospital (AAALAC accredited facility; IACUC number: 08-
0288).

Urodynamic study

After the cats were positioned and conscious state of each cat
was achieved, two 3.5 Fr feeding tubes were inserted into the uri-
nary bladder through the urethra. One tube was used for mea-
suring intravesical pressure (P.ws) and the other was used to fill
the bladder. A rectal catheter was inserted for measuring abdom-
inal pressure (Pasq). The free ends of the bladder and rectal cath-
eter were connected to pressure transducers and an infusion
pump, respectively. For recording the electromyogram (EMG)
of the external anal sphincter, two needle electrodes were insert-
ed into the external anal sphincter through both sides of the anus,
and a needle ground was inserted subcutaneously into the tail.
After the bladder was drained, sterile room temperature saline
was infused into the bladder continuously at a rate of 60 mL/h.
Intravesical and abdominal pressure as well as the external anal
sphincter EMG were continuously recorded, and the detrusor
pressure (Paey, Paet = Pyes - Pana) Was calculated by a computerized
system (PowerLab, ADInstruments, Inc., Colorado Springs, CO,
USA). When bladder contraction was initiated (Pae sSuddenly
increased), the filling was stopped and the tube was immedi-
ately removed. The other tube connected to the pressure sensor
was kept within the bladder for continuous P..s monitoring. The
following urodynamic parameters were measured for analysis:
bladder capacity (the infused volume immediately before the
initiation of micturition), maximum detrusor pressure (Pt max),
and residual urine volume (measured by urethral catheteriza-
tion).

Table 1. Cystometric parameters in cat during different states of consciousness

By Pet max Bladder capacity Residue urine

P (cmH:0) (mL) volume (mL)
Conscious 732 +£17.8 206 £55 90 £ 12"
Conscious sedation 708 £9.3 224 £ 57 122 £3.9*
Deep anesthesia 68.7 £ 16.4 232 £89 17.0 £ 6.0

Data are means + SD. *P < 0.05 vs deep anesthesia condition. Peet ma, maximum
detrusor pressure.
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Measurements of cortisol in serum

For measuring serum cortisol concentrations, blood samples
were obtained by venipuncture of the vena cephalica antebrachii
and collected in a plain vacutainer tube before and immediately
after the urodynamic study. Blood samples were centrifuged at
3,000 rpm for 20 min at 4°C, and the separated serum was stored
frozen at -80°C until further use. Serum cortisol levels were de-
termined by a cortisol radioimmunoassay (RIA) kit (DSL-2000
Cortisol RIA kit, Diagnostic Systems Laboratories, Inc., Webster,
TX, USA) according to the manufacturers’ instructions.

Statistical analysis

All results were expressed as the mean + SD and were analyzed
by a one-way repeated measures analysis of variance (ANOVA)
using SPSS version 13.0 for Windows (SPSS Inc., Chicago, IL,
USA). A Pvalue < 0.05 was considered statistically significant.

RESULTS

Urodynamic study

All cats exhibited bladder contractions while under the CON, CS,
and DA conditions. There were no statistically significant differ-
ences in the maximum detrusor pressure or bladder capacity
among animals under the three conditions. The residue urine
volume was not statistically different between CON and CS con-
ditions, whereas DA significantly increased the residue urine vol-
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Fig. 1. Urodynamic study. Representative traces of cystometrogram and electromyo-
gram (EMG) of the external anal sphincter under conscious, conscious sedation and
deep anesthesia conditions. Pues, intravesical pressure; Pasq, abdominal pressure; Peet,
detrusor pressure.
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Fig. 2. The levels of cortisol in serum. Serum cortisol levels were determined by radio-
immunoassay method. *P < 0.01 vs before the urodynamic study (UDS); TP < 0.01 vs
conscious condition.

ume compared to the CON and CS conditions (Table 1, Fig. 1).

With the CON and CS conditions, EMG tracing showed acti-
vation of the external anal sphincter during bladder filling. Dur-
ing the voiding phase, the EMG tracing showed decreased and
slightly delayed sphincter activity in relation to the onset of blad-
der contraction. At the same time, a strong urinary stream was
observed. With the DA condition, EMG tracing also showed ac-
tivation of the external anal sphincter during bladder filling.
However, activity of the external anal sphincter did not decrease
during the voiding phase. At the same time, urine was observed
leaking from the urethral orifice (Fig. 1).

Measurements of cortisol in serum

In the CON animals, the levels of serum cortisol were significant-
ly increased after performing urodynamic study compared to
those observed before the urodynamic study. However, no sig-
nificant difference was observed when comparing the serum
cortisol levels before and after the urodynamic study in cats un-
der the CS and DA conditions (Fig. 2).

DISCUSSION

Urodynamic study is an invasive and uncomfortable procedure
that can initiate physical distress due to discomfort, patient em-
barrassment, and/or pain induced by genital examination and
urethral catheterization (10, 11). The novel finding of the pres-
ent study is that implementation of urodynamic study on reluc-
tant, conscious subjects or performing the examination on un-
cooperative patients under DA is inappropriate because these
conditions can induce significant systemic stress or detrusor-
sphincter dyssynergia (DSD). In addition, performing urody-
namic evaluation on subjects under CS can minimize examina-
tion-induced stress while closely simulating normal physiologi-
cal responses. The present study demonstrated that performing
urodynamic studies on reluctant, conscious subjects induces
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significant increases in systemic stress as shown by increased
serum cortisol levels. Cortisol is an important hormone in the
body that is secreted by adrenal glands. It is frequently used in
various experimental settings as an objective marker when eval-
uating psychological and laboratory stress (12, 13). Although it
remains unclear whether systemic stress induced by urodynam-
ic evaluation adversely influences the examination results, it is
necessary to reduce examination-induced systemic stress from
an ethical point of view. In the present study, the serum cortisol
levels were unchanged under the CS and DA conditions. These
results suggest that CS and DA are useful approaches for reduc-
ing stress induced by urodynamic evaluation.

Physiologically, the micturition reflex is coordinated by the
central, autonomic, and somatic nervous systems. The muscles
involved in micturition are controlled by the autonomic and so-
matic nervous systems. During the storage phase, the urethral
sphincter contracts and the detrusor muscle is relaxed by sym-
pathetic stimulation. During micturition, the detrusor muscle
contracts and the urethral sphincter is relaxed by parasympa-
thetic stimulation. The micturition reflex is altered by anesthet-
ics, which could cause inhibition of micturition, direct loss of
coordination between the detrusor muscle and urethral sphinc-
ter, and an imbalance of sympathetic and parasympathetic con-
trol of micturition (6). However, several studies have demon-
strated that the influence of anesthesia on urodynamic evalua-
tion is dependent on the class of anesthetic agents and degree
of anesthesia (3-5). The present study supported these findings
and provided new data on the feasibility of performing urody-
namic studies of CS subjects. In the present study, the urody-
namic evaluation showed that there were no statistical differ-
ences in the maximum detrusor pressure and bladder capacity
among animals under the three conditions. In addition, blad-
der contraction accompanied by un-relaxed sphincter activity
occurred under the DA condition, whereas the CS condition did
not affect the coordination between bladder contraction and
external anal sphincter activation. As a result, the residual urine
volume was significantly increased under the DA condition. In
contrast, the residual urine volume was similar under the CON
and CS conditions. These results suggest that CS has no signifi-
cant adverse effect on urodynamic variables. We also believe that
the large residual urine volume observed under CON condition
was due to the obstructive effect of the catheter even though a
smaller-sized catheter was used.

The American Society of Anesthesiologists has defined four
levels of sedation: minimal, moderate, deep, and general anes-
thesia (14). In the first two categories, cardiorespiratory function
is maintained, the cognitive function and coordination are some-
what impaired, and patients can cooperate with the examiner
and respond normally to verbal stimulation. The selection of
a suitable anesthetic agent is important for the induction and
maintenance of sedation. Zoletil, a combination of tiletamine
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and zolazepam, produces dose-dependent sedation up to gen-
eral anesthesia (15). It is used for anesthesia in various species
of animals such as dogs, cats, and wild and captive animals, and
provides rapid induction, excellent muscle relaxation with a wide
safety margin, and a smooth recovery. In the present study, sub-
cutaneous injection of 3 mg/kg zoletil provided a sufficient pe-
riod to perform the urodynamic study. This dose of zoletil pro-
duced hypnosis within 3 min of injection, and the cats recovered
approximately 30 min after the injection. In addition, 10 mg/kg
zoletil induced DA during which continuous regular breathing
pattern was maintained without intubation within 5 min of in-
jection and lasted for approximately 2 hr. These findings along
with the results of the urodynamic study suggest that zoletil is an
appropriate anesthetic agent for urodynamic studies conduct-
ed in female cats.

There are limitations associated with the present study. First,
a complete urodynamic evaluation was not performed in this
study. Therefore, whether other factors of a complete urody-
namic study such as pressure flow and a urethral pressure pro-
file could be evaluated in subjects under the CS condition re-
mains to be elucidated. Another limitation of this study is that a
single anesthetic agent was used. The suitability of other anes-
thetic agents, especially the most commonly administered sed-
atives such as propofol and midazolam, remain unclear. Fur-
ther studies are required to address these issues.

In conclusion, the results of this study provide evidence that
CS has no adverse effects on urodynamic variables, and that it
significantly reduces distress in cats undergoing examination.
These results may provide novel insights for performing urody-
namic studies in uncooperative patients.
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Urodynamic evaluation is an invasive and uncomfortable procedure that can cause physical distress and is difficult to perform in
uncooperative patients. Therefore, it is necessary to explore suitable methodology for performing urodynamic study in
uncooperative patients. In this study, we investigated whether performing urodynamic evaluation is appropriate under conscious
sedation in female cat model. We found that conscious sedation has no adverse effects on the urodynamic variables, and that it
significantly reduces distress in cats undergoing the examination. Our results may provide novel insights for performing
urodynamic studies in uncooperative patients in real clinical setting.

806  http://jkms.org

DOI: 10.3346/jkms.2011.26.6.803



