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Urodynamic changes following
intrathecal administration of
morphine and fentanyl to dogs

E.M. El-Bindary’ and L.M. Abu El-Nasr?
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ABSTRACT The effect of intrathecal (IT) injection of morphine and fentanyl on the urinary bladder was
studied by ascending cystogram in 18 anaesthetized dogs. Examinations were performed before and 60 and
120 minutes after IT injection of saline (group 1}, 0.03 mg/kg morphine (group Il) and 1.5 pg/kg fentanyl (group
Y. A significant increase in maximal volume and compliance and a decrease in voiding pressure were
observed, indicating relaxation of the detrusor muscle after IT administration of morphine or fentanyl. IT
morphine produced greater and more prolonged bladder relaxation than IT fentanyl. We conclude that [T
morphine and fentanyl cause variable degrees of urinary retention. As fentanyl produced milder and shorter
bladder relaxation than morphine, it may be useful in paticnts with vrinary disturbances.

Mcedifications urodynamiques suite 4 I'administration intrathécale de morphine et de fentanyl 4
des chiens

RESUME L'effet de I'njection Inrathécale (IT) de morphine et de fentanyl sur la vessie a été atudié par
cystogramme a doses croissantes sur 18 chiens anesthésiés. Des examens ont été réalisés avant et 60 et
120 minutes aprés l'injection intrathécale de solution salée (groupe 1), de 0,03 mg/kg de morphine (groupe Il
et de 1.5 pg/kg de fentanyt (groupe llI). Une augmentation significative du volume maximal et de la
compliance et une diminution de la pression permictionnelle ont été observées, ce qui indique une relaxation
du muscle détrusor aprés |'administration |T de morphine et de fentanyl. La morphine IT a produit une
relaxation plus importante et plus prolongée de la vessie urinaire que le fentanyl IT. Nous concluons que la
momhing et le fentany! IT provogquent des degrés variables de rétention urinaire. Le fentanyl avant produit
une relaxation plus douce et plus courte de la vessie que la morphine, il peut étre utile chez les patients
souffrant de troubles urinaires.
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Intreduction

The discovery of opioid receptors and the
subsequent development of the technique
of epidural and intrathecal (IT) opioid ad-
ministration are undoubtedly two of the
most significant advances in pain manage-
ment in recent decades. The use of spinal
opioids is widespread and increasing. The
technique is used widely (o treat intraopera-
tive, postoperative, traumatic, obstetric,
chronic and cancer pain [/]. Tt is also used
in treatment of scvere pain’'in chronic pan-
creatitis [2]. Reports of selective and
long-lasting analgesia following spinal ad-
ministration of opioids have nevertheless
been tempered by documentation of a num-
ber of side-effects, such as pruritus,
nausea and vomiting, urinary retention, hy-
poventilation, and both early and late respi-
ratory depression [3,4]. ‘

Urodynamic studies [5,6] have demon-
strated that epidural and IT morphine relax-
es the smooth muscle of the bladder with
little or no effect on the internal and exter-
nal urethral sphincter. However, not all opi-
oids behave in a similar manner in terms of
their action on the detrusor or urethral
musculature | 7]. The present study was
undertaken to investigate the effect of IT
morphine and fentanyl on urinary bladder
function in dogs.

Methods

The study was carried out on 18 male dogs
weighing 14-20 kg. Urodynamic parame-
ters were recorded before and after IT in-
jection of saline, morphine and fentanyl.
These experiments did not consider the an-
algesic eifect of I'l' opiates.

The dogs were classified into 3 groups
each containing 6 dogs:

¢« Group 1 (control): dogs received IT sa-
tine {0.9% sodivim chloride)
«  Croup [T (morphine): dogs received IT

morphine (0.03 mg/kg) [5]

*  Group I (fentanyl): dogs received IT

fentany! 1.5 po/kg [8]

Anaesthesia was induced by intrave-
nous thiopentone (15-20 mg/kg) followed
by tracheal infubation and was maintained
by mechanical ventilation using nitrous ox-
ide and oxygen. Pancuronium bromide (0.1
mg/kg) was used to produce complete
muscle paralysis to exclude the effect of
changes in intra-abdominal pressure on the
urinary bladder. Supplementary doses of
pancuronium were given as required.

Saline, morphine and fentanyl were ad-
ministered [T through a fine spinal needle
to dogs. The lumbar cistern of the spinal
subarachnoid cavity envelops the spinal
nerves of the cauda equina. The cistern is
narrow at the level of the lumbosacral fora-
men, gradually tapers to a point, and ends
at the level of the first sacral vertebra [9].
Faukhauser states that vne can vblain a few
drops of cerebrospinal fluid {CSF) by lum-
bar puncture in dogs [/0]. Correct place-
ment of the needle was confirmed by the
appearance of CSF. The injected volume of
saline was 1 mL, while the injected dose of
morphine or fentanyl was diluted in saline
to a volume of | mlL.

The urodynamic parameters were re-
corded before. and 60 and 120 minutes
after 1T injection of saline (group 1),
morphine {group ) and fentanyl (group
HI

An ascending cystogram was formed
as follows. After insertion of an 8F urinary
catheter through the urethra, the bladder
was evacuated. The catheter was then con-
nected by a three-way connection to a
pressure transducer, then to the oscil-
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Figure 1 Representative cystogram in a dog showing the maximal volume (B), the volume at
which a sharp incline in the curve occurs, and the maximal pressure (A), the highest pressure

at which voiding occurs.

lograph and to an infusion set. Saline was
infused at a rate of @ mL/minute, The
cystogram was performed by continuously
filling the bladder with saline and simul-
taneously measuring the intravesical pres-
sure. During filling the pressure in the
bladder increased gradually until a sharp
incline m the plotted curve, indicating that
overfilling was imminent. At this point the
infusion was halved before voiding oc-
curred and before the stretched fibres of
the detrusor muscle could be damaged [6].

A pressure/volume curve was generated
in increments of 25 mL until the maximum
capacity was reached. The maximal vol-
ume (the volume at which a sharp incline in
the curve was observed) and the maximal
pressure (the highest pressure at which
voiding occurred) were recorded. The
bladder compliance was calculated from
maximal volume/maximal pregsure.

Data were expressed as mean + stan-
dard deviation. Analysis of variance
(ANOVA) was performed, followed by a
Scheffe test to analyse and compare the
data. P < 0.05 was considered statistically
significant.

Results

Figure 1 shows a representative cystogram
in a dog, indicating the maximal volume and
maximal voiding pressure. As shown in
Table 1, the change in all variables studied
in the group at 60 minutes and 120 minutes
post-injection of saline compared to the
pre-injection values was not statistically
significant (P > 0.05). However, IT injec-
tion of morphine significantly increased the
maximal volume at 60 and 120 minutes
compared to the pre-injection (baseline)
value. The increase in maximal volume at
120 minutes was also significantly higher
than at 60 minutes (P < 0.03).

In terms of the effect of IT morphine
on voiding pressure, there was no signi-
ficant difference between 60 and 120
minutes, but the value at both time points
was signiticantly less than the baseline
value (P < 0.05). The effect of morphine
on bladder compliance was similar to the
effect on maximal volume.

IT injection of fentanyl caused an eleva-
tion in the maximal volume of the bladder
significantly higher than the pre-injection
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Table 1 Maximum volume, voiding pressure and bladder compliance before and after
intrathecal {IT) injection of saline (0.9% sodium chloride), morphine (0.03 mg/kg) and fentanyi
(1.5ug/kg)

Variable Before After IT After IT Fvalue P-value Scheffe
IT injection injection injection test
(baseline) (60 minutes} ({120 minutes)
Mean s Mean s Mean ]

Maximum volume {ml}

Saline (conbral) 24900 4142 24683 4245 24767 4165 023 >0.05

Morphine 24300 3871 39683 3656 46150 3812 8760 <0.05* S

Fentanyl 24683 37.31 34567 3208 30417 4352 1217 <0.05*  (I=l)>1
Voiding prossure {emH 0}

Saline (control) 5050 6.098 4500 810 4350 814 144 >0.05

Morphine 56.17 882 3367 1127 2233 B45 2870 <005 (l=l)<|

Fentanyi 5117  88% 2433 11.18 3683 694 1680 <0.05" S
Bladder comphiance (mLicm H,0)

Saline {control) 472 0N 487 0.21 490 1.03 016 >0.05

Morphine 433 1.03 933 1.03 1683 371 6419 <0.05* 82

Fentanyl 550 123 1200 261 8.00 303 3949 <0.05* g2

'S = all significant,
*Significant at P < 0.05.
s = standard deviation.

Table 2 Comparison of the changes in the bladder functions after intrathecal {IT) injection of
saline (0.9% sodium chloride), morphine (0.03 mg/kg) or fentanyl (1.5 pg/ka)

Variable Saline (control) Morphine Fentanyl Fvalue P-value Scheffe
Mean s Mean s Mean s test

Maximurn volume (ml)
60 minutes after

IT injection -086 356 6641 2887 4242 2351 1496 <0.05° (=) >|
120 minutes after
IT injection 043 353 9344 3198 2528 2245 2752 <0.05° (=W))<l

Voiding pressure (6mH,0)
60 minutes after

IT injection -11.38 821 -39.30 2041 -5181 2183 824 <0.05* (i1=Mny =1
120 minutes after
IT injection -1439 652 —60.88 1227 -27.73 958 3619 <(0.05* (1=} <)

Bladder compliance {mifcmH,0)
60 minutes after

IT injection 6.02 1841 120.83 28.26 12156 4162 27.74 <0.05¢ {HI=l) >
120 minutes after
IT injection 503 2119 29556 8709 4488 4308 4515 <{Q.05 (I=ily <1l

*Significant at P < 0.05.
5 = standard doviation.

Yoot ot/y oo PR PE R PO ISR S UNE JIEY W Y



Fastern Mediterranean Health Journal. Vol. 7. Nos 1/2, 2001 193

(baseline) value (£ < 0.05). However, there
was no significant difference between the
values at 60 and 120 minutes post-injec-
tion. In the group administered fentanvl,
the voiding pressure at 120 minutes was
significantly higher than at 60 minutes, but
both were significantly lower than the pre-
injection {baseline) value (P < 0.05).
Furthermore, [T fentany! significantly in-
creased bladder compliance at 60 and 120
minutes post-injection compared to pre-in-
Jjection (bascline) vatues (77 < 0.05), but de-
creased compliance at 120 minutes com-
pared to 60 minutes.

Table 2 shows the comparison between
the effect of saline, morphine and fentanyl
on the cystogram (mean percentage
change at 60 and 170 minutes from pre-
injection value). At 60 minutes there was no
significant difference between morphine
and fentanyl in their effects on maximal
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Figure 2 Representative cystogram for saline
(control): (A) before administration
(basaline); (B) 60 minutes after
administration; (C) 120 minutes after
administration.
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Figure 3 Representative cystogram for
intrathecal morphine: (A) before
administration (baseline); (B) 60 minutes
after administration; {C) 120 minutes after

administration,
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Figure 4 Representative cystogram for
interathecal fentanyl: (A) before
administration (baseline); {B) 60 minutes
after administration; (C) 120 minutes after
administration.
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volume, while both proveked significantly
higher values than the contrel (7 < 0.05).

Similar results were obtained for the ef-
fect of both drugs on voiding pressure and
bladder compliance. At 120 minutes, there
was no significant difference between za-
line and fentanyl on maximal volume, void-
ing pressure or bladder compliance, and
both injections had significantly less effect
than morphine at 120 minutes post-injec-
tion (£ < 0.05).

Figure 2 shows a nonsignificant corre-
lation between maximal volume and voiding
pressure in the control group, while Fi-
gures 3 and 4 both show a significant
negative correlation between maximal
volume and voiding pressure,

Discussion

Utinary retentton is considered to the most
troublesome of the nonrespiratory side-ef-
fects of IT morphine [//]. The reported in-
cidence of urinary retention after epidural
administration of morphine varies from
15% to 90% and is considered to be dose-
related [/2,13]. In itself, urinary retention
is not usually a serious complication but
untoward consequences might be expected
if vesical catheterization led to urinary in-
lection following surgical intervention [ //].

In the present study, we observed that
IT morphine (0.03 mg/kg) or fentanyl (1.5
pg’kg) in dogs causcd bladder smooth
muscle relaxation, indicated by a significant
increase in maximal volumte and comp-
liance of the bladder, and a significant
decrease in voiding pressure. On the other
hand, IT injection of saline as a placebo
showed insignificant changes in these
cystogram parameters.,

The eftect of IT morphine and fentanyl
on the canine urinary bladder in our work is
similar to the changes in the vesical muscu-

lature reported after IT or epidural adminis-
tration of morphine to humans [4,5] and
dogs [6,/4) and ofter IT administration of
fentanyl te dogs [8].

Various modes and sites of action have
been proposed to account for the effect of
intrathecal opioids on the lower urinary
tract function. One possible explanation
may be the direct effect of IT morphine or
fentanyl on opiate receptors possibly pre-
sent in the urinary bladder [/5], and on the
cord modulating the sacral parasympathet-
ic outflow to the urinary bladder {6]. IT
opioids caused a depression of pregangli-
onic neurons in the sacral parasympathetic
nucleus, which resulted in reduced activity
in the pelvic nerve and insufficient cholin-
ergic activation of bladder smooth muscle.
Transmission of afterent activity from the
bladder is also believed to be impaired, be-
cause of activation of opioid receptors on
primary afferent nerve terminals with the
consequent inhibition of transmitter release
in the spinal cord [{6,/7]. Spinal opicids
may also act dircctly on the urinary tract
through the sacral nociceptive neurons,
which impair transmission in the sensory
primary afferent component of this region,
and may also have an effect on supraspinal
centres [/8].

A supraspinal inhihitory effect of IT
opioids at the level of the pons where the
primary micturition centre is located, and
where opiate receptors are known to exist,
may play a role in urinary retention [3, /5].
But the rapid onset of detrusor relaxation
favours a spinal site of action [5].

In our study, 120 minutes after I'T mor-
phine injection, bladder relaxation was
more evident than after 60 minutes. How-
ever, bladder relaxation began to wear off
120 minutes after [T injection of fentanyl.

These results are in accordance with
previous reports [6,48] that epidural mor-
phine relaxes the detrusor within a short
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time of injection leading to increased blad-
der capacity and urinary retention. Sponta-
neous recovery of bladder function occurs
after about 14-16 hours on average [5]. Af-
ter IT fentanyl, detrusor muscle relaxation
also occurred and continued for at least 2
hours [8]. ,
Payne et al. stated that IT administration
of lipophilic opioids produces different
CSF distributions than hydrophilic opioids
[79]. Morphine has a low coefficient of lip-
id solubility and so large amounts of it re-
main in the CSF free to circulate towards
the head [6]. However, fentany! has a
shorter duration of action and is more
highly lipid-sotuble than morphine. This
accounts for its more rapid clearance and
for the lower concentration of free drug
concentration in the CSF | 3], resulting in
reduced migration to the supraspinal cen-

tres in the brain that mediate urinary tract
conirol [8]. We observed that afier 120

minutes, IT morphine produced more
significant increases in maximal volume
and bladdcr compliance and decrease in

voiding pressure than IT fentanyl. This
may be explained if IT morphine causes an
increase in tonc of the external urcthral
sphincter, possibly by disinhibition of the
somatic input to the sphincter [20]. IT
fentanyl causes pronounced relaxation of
the bladder neck musculature [/5]. It 1s
possible that the decrease in urethral resis-
tance may partially counteract the effect of
IT fentanyl on micturition. This effect
might explain the observation that the
incidence of urinary retention in human
subjects is lower after spinal analgesia with
fentanyl than it is with other opioids [27].

Conclusion

IT administration of morphine and fentanyl
produces variable degrees of urinary reten-
tton. As IT fentanyl causes a smaller degree
of unnary retention lasting for a shorter pe-
riod than ['T morphine, it may be particular-
ly useful for patients with disturbed urinary
function.
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