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Morphine inhibits propagating and stimulates nonpropagating colon contractions in monkeys and
humans. The use of morphine or other opioids that inhibit propulsive contractions prolongs postop-
erative ileus. In contrast, ketorolac tromethamine, a- nonsteroidal analgesic, has no effect on colon
contractions in monkeys. In 14 patients having elective abdominal operations, bipolar electrodes were
implanted on the right (n = 13) and left (n = 10) colon. Group A (n = 8) received ketorolac, 30 mg IM
q6h, for pain relief. Group B (n = 6) needed supplemental morphine, 2-10 mg IV or IM, plus ketorolac
to control their pain. Myoelectric activity was recorded from each subject on postop Days 1-5 and
analyzed by computer for electrical control activity (ECA), short and long electrical response activity
(ERA), and propagation of long ERA. There was a difference between the two groups in return of
propagated long ERA bursts that correlated with clinical recovery from postoperative ileus. Postoper-
ative analgesia with ketorolac resulted in faster resolution of ileus compared to morphine plus

ketorolac because opioid-induced motor abnormalities in the colon were avoided.

OSTOPERATIVE ILEUS IS AN IMPAIRMENT of gas-
trointestinal motility that follows an operation
and is characterized by abdominal distention, accumu-
lation of gas and fluids in the bowel, and delayed
defecation.' Tleus leads to a longer hospital stay and an
associated need for parenteral fluids and medications.
The estimated cost of ileus in postoperative patients is
$750,000,000 annually.? The causes of postoperative
ileus are multifactorial. Sympathetic hyperactivity,
peritoneal irritation, metabolic disturbances, and the
effects of some drugs (analgesics, anesthetics) have
been reported to be associated with postoperative il-
eus. We have previously shown that use of opioid
drugs, such as morphine, for analgesia following an
abdominal operation prolongs postoperative ileus.>”
The colon is the last segment of the intestine to
recover from postoperative ileus.*’ We have demon-
strated in humans that IV or IM administration of
morphine, in doses appropriate for analgesia, results in
increased phasic nonmigrating electrical response ac-
tivity (ERA) bursts in both the right and left colon.>®
ERA is the electrical correlate of phasic smooth mus-
cle contraction and there is a one-to-one relationship
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between contractions and an ERA burst. In addition,
morphine causes a significant decrease in the inci-
dence of propagating long ERA bursts in humans™® as
well as in the nonhuman primate.** Propagating long
ERA bursts are the basis for propulsive contractions in
the colon. Thus, morphine induces a state of colonic
pseudofibrillation in which overall contractile fre-
quency is increased but propagation is inhibited, lead-
ing to prolongation of postoperative ileus.

Ketorolac, a nonopioid NSAID analgesic, has been
reported to have no effect on colonic motility in non-
human primates® and not to cause postoperative ileus
in rats.” The use of ketorolac as an analgesic postop-
eratively has been efficacious.'®® Qur hypothesis in
this study was that patients receiving ketorolac for
postoperative pain would recover from postoperative
ileus earlier than patients who received opioid analge-
sics.

Methods

The study was conducted in 14 patients, 8 men and
6 women, ages 28-98, who were having elective ab-
dominal operations (Table 1). The study was reviewed
and approved by the Human Research Review Com-
mittee of the Medical College of Wisconsin. All pa-
tients gave informed consent before participating in
the study.

Bipolar electrodes of 0.3 mm Teflon-coated stain-
less steel wire (PN 316SS1DT, Medwire Corp, Mt
Vernon, New York), or electrodes designed for im-
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TABLE 1. Type of Operation and the Day Postoperative Ileus Clinically Resolved
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Group A (Ketorolac)

Group B (Ketorolac + Morphine)

Operation Duration Ileus (Days) Operation Duration Ileus (Dayé)-
Esophagectomy 3 Esophagectomy 4
Colostomy 2 Esophagectomy 4
Colectomy 2 Esophagectomy 5
Colectomy 2 Nissen 4
Colectomy 3 Nissen 4
Gastric Bypass 2 Colectomy 4
Gastric Bypass 2
Roux Y Gastroenterostomy 2
Mean = SEM 23405 42 * 0.6
* P < 0.01 compared to Group A.

plantation into the myocardium (MyoWire M-25B, A postoperative pain. The effect of ketorolac

& E Medical Corp, Farmingdale, New Jersey), were
implanted through the anterior taenia into the circular
muscle of the colon, as previously described.>® !
Three sets of bipolar electrodes were placed 5 cm apart
in the ascending (n = 13) and descending (n = 10)
colon, exteriorized through a needle track in the flank
and fixed to the skin.

Signals from the electrodes were recorded with a
multi-channel telemetry system (Koningsburg Instru-
ments Pasadena, Calif.) manufactured to our specifi-
cations and having lower and upper cutoff frequencies
of 0.01 and 100 Hz, respectively. The output of the
telemetry system was recorded on paper and by a
magnetic FM tape recorder (Model 3968A, Hewlett-
Packard Corp., San Diego, Calif.) for later computer
analysis. Analysis of electrical control (ECA) and
electrical response (ERA) activity was accomplished
as previously reported.'”'® The dominant ECA fre-
quency was defined as that frequency in each minute
of data with the greatest power spectrum magnitude
and was classified as being in the low (0—9 cpm), mid
(9-15 cpm), or high (15-45 cpm) range. Relative
tenancy is the proportion of time occupied by ECA in
each frequency range and was determined in each
minute of data. The duration of each ERA burst was
measured and the frequency (number/hour) and mean
duration of short and long ERA bursts determined.
The duration of short ERA bursts was less, and of long
ERA bursts was greater, than 6.7 seconds.!”!® The
number/hour of propagated long ERA bursts also was
determined. Propagation was considered to occur
when ERA bursts appeared sequentially at three elec-
trode sites in the same segment of colon at a constant
propagation velocity."?

The patients were divided into two groups. Group A
(n = 8) consisted of patients who received only ke-
torolac for postoperative analgesia. Group B (n = 6)
comprised patients who received ketorolac but who
also needed supplemental morphine to control their

tromethamine, 30 mg IM every 6 hours, on colonic
myoelectric activity was studied from the first through
the fifth postoperative days. On each day, recordings
were made for at least 1 hour before injection of
ketorolac and were continued for another 2 hours
following the injection. Morphine, 2—-10 mg IV or IM,
was given in addition as needed in group B patients.

Clinically, postoperative ileus was considered to
have resolved when spontaneous passage of flatus and
stool was noted. The data of group A were compared
to that of group B by the Wilcoxon rank sum test and
by an unpaired #-test to determine if there was a
difference between the groups. A P-value of =0.05
was considered to represent a significant difference
between data sets.

Results

Clinical recovery from postoperative ileus occurred
between the second and the fifth postoperative day in
the two groups of patients. Group A patients (ketoro-
lac only) recovered from postoperative ileus by 2.3 =
0.5 days (mean *= SD), whereas those in group B
(ketorolac + morphine) required 4.2 * 0.6 days (P <
0.05). The relationship between the various operative
procedures and clinical recovery from postoperative
ileus is recorded in Table 1.

ECA was present in both groups from the first
postoperative day. The dominant ECA frequency was
mainly in the low and mid range in both patient
groups. As expected, there was no difference between
the groups in the relative tenancy of the dominant
ECA frequency throughout the recovery period (Table
2). The expected downshift in ECA frequency® !’ from
the mid to the low range was observed. There also was
no difference between the two groups in the frequency
of short or long duration ERA bursts (Table 3 and 4).

There was a difference between the groups in prop-
agating long duration ERA bursts. Propagating bursts
were present in the right colon on the first. postopera-
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TABLE 2. Relative Tenancy (%) of ECA in the Low (1-9 cpm), Mid (9—15 cpm), and High (15-45 cpm) Frequency Ranges

During Recovery From Postoperative Ileus (Mean = SEM)

Group A (ketorolac)

Postop
Day low mid
Right Colon
1 48 = 10 50x9
2 56 £ 11 43 = 10
3 84 £ 6 156
4 385+ 14 159
5 74 * 12 257
Left Colon
1 27=5 729
2 519 48 =7
3 73 =10 256
4 83 13 14£6
5 65 =12 34x8

Group B (+morphine)

high low mid high
2=+1 56 £ 11 43 =10 2=*1
11 62 =7 36 =9 2*x1
1*+1 75 *12 23+9 2=*1
00 73 =13 26 * 8 1*+1
1x1 7512 22*6 3x1
1*1 35 £11 649 1*+1
1+1 62+ 13 36 +9 2=*1
2+1 68 = 11 31£6 1=1
3+1 84 = 10 14+38 2+1
1=*1 70*+9 28+ 6 2=*1

tive day in group A (ketorolac), but did not appear in
group B (ketorolac + morphine) patients until the
third postoperative day (Table 5). In the left colon,
propagation of long duration ERA bursts began on the
second postoperative day in group A, whereas in
group B propagation did not appear until postoperative
Day 3. The frequency of propagated long ERA bursts,
even on the third day postoperatively, was still signif-
icantly depressed in group B compared to group A.
There was no difference in propagation velocity be-
tween the two groups (Table 5).

Discussion

Ketorolac was chosen for this study because of
properties thought to be beneficial in postoperative
management of pain, and because in animal studies it
did not adversely affect colonic motility as do opioid
analgesics.> > ! In a subset of patients in whom ade-
quate analgesia was achieved with ketorolac, earlier
return of propagating ERA bursts and of passage of
flatus and stool were documented, thus supporting our
hypothesis in these patients.

Ketorolac is thought to provide analgesia by inhib-
iting cyclo-oxygenase and, therefore, prostaglandin,
prostacyclin, and thromboxane synthesis. Prostaglan-
dins, depending on the type, dose, species, and intes-
tinal muscle layer studied, have been reported to in-

TaBLE 3. Short ERA Burst Frequency (Number/Hour)
During Recovery From Postoperative lleus (Mean = SEM)

crease, decrease, or have no effect on contractile
activity of gastrointestinal smooth muscle.?*® An in-
crease in intestinal motility after administration of
prostaglandin inhibitors has been reported.? > We did
not find any enhancement of colonic motility with
ketorolac in this study in patients, nor in a previous
study of nonhuman primates.> Our data suggest that
endogenous prostaglandins either do not have a role in
normal human colonic motility, or that the dose of
ketorolac we used does not inhibit prostaglandin syn-
thesis. In the latter case, pain relief would also have to
have been mediated through some other mechanism,
which is unlikely.

At the doses used in this study, ketorolac provided
adequate pain control for ‘8 of the 14 patients. The
other 6 patients required supplemental morphine to
achieve adequate postoperative pain relief. This un-
predictable analgesic response also has been noted
clinically with other NSAIDs. In a given patient, one
or another of the drugs in the class may be very
effective, whereas other NSAID agents are less effec-
tive or are ineffective. Predicting response is not pos-
sible, and a trial of therapy is always needed. In
addition, in the context of postoperative analgesia in
which parenteral agents are required, the number of
available drugs is limited. What is needed is a larger
number of parenteral formulations of NSAIDs coupled

TaBLE 4. Long ERA Burst Frequency (Number/Hour)
During Recovery From Postoperative Ileus (Mean = SEM)

Right Colon Left Colon Right Colon Left Colon
Postop = Postop
Day. Group A GroupB Group A Group B Day Group A Group B Group A Group B
1 3315 28=x17 37x12 47*x14 1 102*+x14 71x07 31x08 54=x12
2 307 42=*12 66=*x15 517 2 11.3*+21 73 1.1 79x22 67x14
3 6715 5212 52x10 71=*14 3 13618 124*x32 153x36 88=*26
4 69+18 5411 49=x38 77 + 14 4 19432 203=x41 139=x22 -174%36
5 7093 92*13 63*9 47 *+9 5 242x52 114x29 261*53 200=*x3.1
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TaBLE 5. Frequency and Velocity of Propagation of Long Duration ERA Bursts (Mean * SEM)

Group A (Ketorolac)

Group B (+Morphine)

Postop
Day Number/Hour Velocity (cm/s) Number/Hour Velocity (cm/s)

Right Colon

1 1.2+£05 0.58 £ 0.34 0*

2 15203 0.65 = 0.21 0*

3 3.0+x04 0.85 = 0.20 09+03 0.74 = 0.19

4 1.5+03 0.63 £ 0.15 14 £02 0.86 £ 0.23

5 1.7+ 02 0.83 £0.2 1.6 £ 0.2 0.77 £ 0.22
Left Colon

1 0 0

2 1.2+03 0.65 = 0.21 0*

3 2004 0.85 = 0.20 0.3 = 0.1* 0.74 = 0.19

4 1.5%£03 0.63 = 0.15 1402 - 0.86 = 0.23

5 1.7+£02 0.83 = 0.21 1.6 £0.2 0.77 = 0.22

* P < 0.05 compared to Group A.

with some test method to determine their efficacy in
a specific patient. NSAIDs could become primary
agents for postoperative analgesia, with benefits to
patients and to health care costs, if these problems
were solved.

REFERENCES

1. Livingston EH, Passaro EP. Postoperative ileus. Dig Dis Sci
1990;35:121-32.

2. Moss G, Regal ME, Lichtig LK. Reducing postoperative
pain, narcotics, and length of hospitalization. Surgery 1986;90:
206-10. '

3. Ferraz AAB, Cowles VE, Condon RE, Schulte WJ. Opioid
and non-opioid analgesic drug effects on colon contractions in
monkeys. Dig Dis Sci, 1995 (In press).

4. Frantzides CT, Condon RE, Schulte W], Cowles V. Effects
of morphine on colonic myoelectric and motor activity in subhu-
man primates. Am J Physiol 1990;258 (Gastrointestinal Liver
Physiol 21):G247-52.

5. Frantzides CT, Cowles V, Salaymeh B, et al. Morphine
effects on human colonic myoelectric activity in the postoperative
period. Am J Surg 1992;163:144-9.

6. Woods JH, Erickson LW, Condon RE, et al. Postoperatlve
ileus: A colonic problem? Surgery 1978;84:527-33.

7. Graber JN, Schulte WJ, Condon RE, Cowles VE. Relation-
ship of duration of postoperative ileus to extent and site of oper-
ative dissection. Surgery 1982;92:87-92.

8. Condon RE, Frantzides CT, Cowles V, et al. Resolution of
postoperative ileus in humans. Ann Surg 1986;203:574-81.

9. Kelley MC, Hocking MP, Marchand SD, Sninsky CA. Ke-
torolac prevents postoperative small intestinal ileus in rats. Am]J
Surg 1993;165:107-112.

10. Brown CR, Mazzulla JP, Mok MS, et al. Companson of
repeated doses of intramuscular ketorolac tromethamine and mor-
phine sulfate for analgesia after major surgery. Pharmacotherapy
1990;10:455-50S.

11. O’Donovan S, Ferrara A, Lavach S, Williamson P. Intra-
operation use of Toradol facilitates outpatient hemorrhoidectomy.
Dis Colon Rectum 1994;37:793-9.

12. O’Hara DA, Fragen RJ, Kinzer M, Pemberton D. Ketorolac

thromethamine as compared with morphine sulfate for treatment of
postoperative pain. Clin Pharmacol Ther 1987;41:556-61.

13. Peirce RJ, Fragen RJ, Pemberton DM. Intravenous ketoro-
lac tromethamine versus morphine sulfate in the treatment of
immediate postoperative pain. Pharmacotherapy 1990;10:111S-
115S.

14. Power [, Noble DW, Douglas E, Spence AA. Comparison
of IM ketorolac tromethamol and morphine sulfate for pain relief
after cholecystectomy. Br J Anaesth 1990;65:448 -55.

15. Rubin P, Yee JP, Murthy VS, Seavey W. Ketorolac
tromethamine (KT) analgesia: No postoperative respiratory de-
pression and less constipation. (Abstract) Clin Pharmacol Ther
1987;41:182.

16. Yee JP, Koshiver JE, Allbon C, Brown CR. Comparison of
intramuscular ketorolac tromethamine and morphine sulfate for
analgesia of pain after major surgery. Pharmacotherapy 1986;6:
253-61.

17. Condon RE, Cowles VE, Ferraz AAB, Carilli S, Carlson
ME, Ludwig K, Tekin E, Ulualp K, Ezberci F, Shoji Y, Isherwood
P, Frantzides CT, Schulte WJ. Human colonic smooth muscle
electrical activity during and after recovery from postoperative
ileus. Am J Physiol 269 (Gastrointest Liver Physiol 32, to be
published September, 1995).

18. Cowles VE, Condon RE, Ferraz AAB, Carilli S, Frantzides
CT. Computer analysis of human colonic electrical activity. Gas-
troenterology 1994;107:1233 (Abstract).

19. Ekbom G, Schulte W], Condon RE, Woods JH, Cowles V.
Effects of narcotic analgesics on bowel motility in subhuman
primates. J Surg Res 1980;28:293-6.

20. Bennett A, Hensby CN, Sager GJ, Stamford IF. Metabolites
of arachidonic acid formed by human gastrointestinal tissues and
their actions on the muscle layers. Br ] Pharmacol 1981;74:434—4.

21. Coelho JCU, Gouma DJ, Li YF, et al. Effect of 16, 16-
Dimethyl Prostaglandin E2 on the myoelectric activity of the
gastrointestinal tract of the opossum.

22. Frantzides CT, Lianos EA, Wittmann D, Greenwood B,
Edmiston CE. Prostaglandins and modulation of small myoelectric
activity Am J Physiol 1992;262 (Gastrointest Liver Physiol 25):
G488-97.

23. Horton EW, Main IHM, Thompson CJ, et al. Effect of



No. 12

* orally administered prostaglindin E2 on gastric secretion and gas-
trointestinal motility in man. Gut 1968;9:655-8.

24. Nylander B, Mattsson O. Effect of 16, 16-dimethyl PG2 on
gastric emptying and intestinal transit of barium-food test mail in
man. Scand J Gastroent 1975;10:289-92.

25. Sanders KM. Evidence that prostaglandins are local regu-
latory agents in canine ileal circular muscle. Am J Physiol 1984,
246 (Gastrointest Liver Physiol 9):G361-71.

26. Sanders KM, Ross G. Effects of endogenous prostaglandin
E on intestinal motility. Am J Physiol 1978;234:204-8.

NONOPIOID ANALGESICS SHORTEN POSTOPERATIVE ILEUS

Ferraz et al. 1083

27. Sanders KM. Endogenous prostaglandin E and contractile
activity of isolated ileal smooth muscle. Am J Physiol 1978;234:
209-12.

28. Koch KL, Dwyer A. Indomethacin-induced spiking activity
in rabbit ileum: In vivo interaction of prostaglandins and cholin-
ergic neurotransmission. In: C. Roman, ed. Gastrointestinal Mo-
tility. Boston: MTP Press Ltd., 1983, pp 357-363.

29. Thor P, Konturek JW, Konturek SJ, Anderson JH. Role of
prostaglandins in control of intestinal motility. Am J Physiol
1985;248 (Gastrointest Liver Physiol 11):G353-9.



