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INTRODUCTION: Ketorolac is a non-steroidal antiinflammatory
drug which Is useful for perioperative analgesia. However, it is
unknown if |.V. doses of ketorolac have significant CNS effects that
would decrease MAC or cause respiratory depression. Therefore,
we evaluated MAC reduction and CO2 response curves in rats
administered IV ketorolac (0.2, 2.0, 20 and 40 mg/kg).
METHODS: Institutional approval was given for our study.
Eighteen male Sprague-Dawley rats were anesthetized with
halothane and a tracheostomy was performed for airway control. The
femoral vessels were cannulated for {V administration of ketorolac
and mean arterial pressure(MAP) and blood gas sampling. The
temé)eralure (37.0 £ 0.1°C) was maintained constant throughout the
study.
Group | MAC reduction (6 rats) - Ventilation was controlled (PaCOg2 =
39 + immHg) with a rodent volume ventilator. Control MAC,
determined by the tail clamp technique, was compared to the MAC
after the 4 successive doses of IV ketorolac.

Group Il CO> response curves (12 rats) - Spontaneous ventilation /

using 1% halothane and 99% O2 (to minimize peripheral
chemoreceptor contribution) was used to generate CO2 response
curves. A small closed circle system with attached balloon allowed
rebreathing as the end-tidal CO2 (ETCO2) increased from 5.5% to
9.5% over 3 to 5 minutes. A pneumotachometer and circuit integrator
were used to calculate minute ventilation. An Engstrom Eliza CO2
analyzer sampled CO2 from within the tracheostomy tube. The CO2
response curves were generated prior to and after the 4 successive
doses of IV ketorolac (n = 6) or 4 IV placebo doses (n = 6) allowing 20
minutes between runs for equilibration. All results were compared by
ANOVA,

RESULTS:

Group |, There was no significant reduction in the halothane MAC by
any of the 4 doses of ketorolac (Table 1). The MAP (103 + 2 mmHg)
did not change throughout the study.

Group Il. The MAP (80 + 3 mmHg) remained unchanged after 0.2,
2.0, and 20 mg/kg IV ketorolac but decreased (p< .05) by 8% after 40
mg/kg. Ketorolac did not effect the resting ETCO2 (5.3 + 0.1%).
Likewise, ketorolac did not effect the slope of the CO2 response
curves compared to control or to placebo-doses (Table Il).
CONCLUSION: Despite potent analgesic effects, ketorolac
appears to have minimal CNS effects as MAC is not decreased even
at extremely large (40 mg/kg) L.V. doses. Other investigators have
demonstrated in adult patients that ketorolac up to 90 mg has minimal
cardiovascular effectst. This study demonstrates that larger 1.V.
doses of ketorolac produce clinically Insignificant effects on MAP.
Lack of respiratory depression has been previously shown in
unanesthetized human volunteers receiving up to 90 mg IM
ketorolac2. This study demonstrates that large |V doses do not
depress ventilation under halothane anesthesia.

In conclusion, 1.V. ketorolac may be administered with a large margin
of safety without central effects including anesthetic MAC reduction,
MAP changes, or respiratory depression.
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Table I. MAC (x + SEM) Table Il. CO2 Response Curves (x t SEM)

Ketorolac MAC % Ketorolac shpe slope
(mg/Kg) (mg/kg) m/min%CO2| placebo  mYmin/%CO2
[} 0.82 £ .02
0.2 0.89 + .05 0 7615 0 66411
2.0 0.86+.03 0.2 7210 0 6918
20 0.80 .02 2.0 7748 0 59111
A0 0.80 + .03 20 7149 0 5148
40 ) 6119 0 559
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Continuous epidural infusions of fentanyl/
bupivicaine [F/B] provide excellent pain relief
for post-operative patients. Pruritus is a common
side effect!'. Small intravenous doses of
nalbuphine [N] have been administered to treat the
epidural narcotic induced pruritus?. The present
study investigated whether adding N to the
epidural F/B mixture would reduce the pruritus
seen with F/B in post-operative patients.

After institutional approval 297 consecutive
patients were randomly allocated to one of four
groups. All patients received the F/B [.001%/.1%)
mixture. 101 received epidural F/B only. In the
three remaining groups nalbuphine was added to the
epidural solution to a final concentration of:
.0066% (N=59)(F/B/N,], .0132% (N=76) [F/B/Ny], and
.0264% (N=61)[F/B/N4]}. All infusion rates were
between 7 and 10 cc per hour. The patients were
evaluated at 24 hours post delivery for analgesia,
using the visual analogue scores [VAS], and
monitored for the occurrence of nausea/vomiting
[N/V], pruritus [PR], and sedation {SED]. The
data were analyzed by use of the ANOVA and the x*
statistic. A p<.05 was considered statistically
significant.

All patients received similar amounts of the
epidural mixtures and no patients exhibited a
significant decrease in respiratory rate.
Postoperative evaluation of pain and the
occurrence of side effects data are presented in
the table. There was a statistically significant
reduction in the occurrence of pruritus with the
addition of nalbuphine .0264% There were no
significant differences in N/V, PR, or SED.

F/B  F/B/N, F/B/N, F/B/N,

VAS 2.9 2.7 3.7 3.0
N/V (%] 18.8 20.3 19.7 8.2
PR (%] 10.9 13.6 6.6 1.6
SED (%) 7.9  13.6 5.3 9.8

“p<.05 when compared to F/B and F/B/Nj

These data support the notion that by mixing
agonists with agonist-antagonist narcotics for
epidural administration the side effects of
agonists alone may be ameliorated. Additional
support comes from recently published data
demonstrating that the addition of 10 mg
nalbuphine to 5 mg morphine, administered
epidurally, significantly decreases the incidence
of pruritus, nausea and vomiting, and urinary
retention®. An additional advantage of nalbuphine
is that unlike butorphanol it does not cause an
increase in sedation®.Thus it is possible to
provide superb post-operative analgesia with
minimal or no side effects.
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