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Abstract

Hypersensitivity to mechanical stimuli following surgery has been reported in patients who

subsequently develop chronic pain after surgery. In animals, peripheral injury increases

prostaglandin production in the spinal cord, and spinal cyclooxygenase inhibitors reduce

hypersensitivity after injury. We therefore tested the hypothesis that spinal ketorolac reduces

hypersensitivity and acute and chronic pain after hip arthroplasty (www.clinicaltrials.gov NCT

00621530). Sixty-two patients having total hip arthroplasty with spinal anesthesia were

randomized to receive 13.5 mg hyperbaric bupivacaine with spinal saline or 13.5 mg hyperbaric

bupivacaine with 2 mg preservative-free ketorolac. The primary outcome was area of

hypersensitivity surrounding the wound 48 hr after surgery, but this only occurred in 4 patients,

precluding assessment of this outcome. The groups did not differ in acute pain, acute opioid use,

or pain incidence or severity 2 and 6 months after surgery. There were no serious adverse events.

Our results suggest that a single spinal dose of ketorolac does not substantially reduce acute

surgical pain, and is thus unlikely to reduce the risk of persistent incisional pain.
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A role of prostaglandin production in pain is well established. However, the importance of

prostaglandins in many chronic pain conditions remains unknown, as do the sites where

prostaglandins act. Cyclooxygenase inhibitors reduce peripheral inflammation and pain,

potentially in part by an action in the spinal cord [1,2]. In humans, however, intrathecal

injection of the cyclooxygenase inhibitor, ketorolac, did not reduce pain to various acute and

subacute experimental treatments and to acute pain following vaginal hysterectomy.[3,4]

Postoperative pain is frequently accompanied by hypersensitivity [5] and the primary goal of

the current study was to determine whether intrathecal ketorolac reduces postoperative
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hypersensitivity. The degree of acute and sub-acute hypersensitivity following surgery

correlates with the risk of chronic pain after surgery.[6,7] Therefore, a secondary goal was to

determine whether ketorolac reduces the incidence of pain 6 months after surgery. Finally,

cerebrospinal fluid concentrations of inflammatory mediators are increased in patients with

arthritis[8] and increased PGE2 concentrations in cerebrospinal fluid patients correlate with

degree of postoperative pain.[9] A final aim of the current study was to test whether some

patients coming for hip arthroplasty may have increased PGE2 concentrations and might

uniquely benefit from intrathecal ketorolac.

We enrolled patients having American Society of Anesthesiologists (ASA) physical status 1,

2, or 3 patients, age 18 years or above, who were scheduled for primary unilateral total hip

arthroplasty with spinal anesthesia at Wake Forest University or the Cleveland Clinic. The

protocol was approved by the National Institutes of Health Clinical Trials Unit, the

Institutional Review Boards at Wake Forest School of Medicine and the Cleveland Clinic,

and the Food and Drug Administration, and was registered prior to patient recruitment at

www.clinicaltrials.gov (NCT00621530). Written consent was obtained from participating

patients. Patients routinely taking opioids for pain other than their primary hip pain were

excluded, as were those taking more than an equivalent of 10 mg per day of oxycodone.

Patients taking pregabalin or gabapentin stopped these medications three days before

surgery, and those taking tramadol stopped this medication 24 hours before surgery. We did

not record use of analgesics after hospital discharge.

A day before surgery, patients completed the Neuropathic Pain Symptom Inventory[10] the

McGill Short Form Pain Questionnaire, and rated their level of anxiety and pain at rest and

with ipsilateral hip movement with a 10-cm-long visual analog scales anchored at “not

anxious at all” to “as anxious as possible” and “no pain” to “worst possible pain.” On the

day of surgery, patients took 1 gm acetaminophen orally and were randomized to receive

13.5 mg hyperbaric bupivacaine spinally plus 0.4 ml saline or preservative free ketorolac

(Acular PF, Allergan, Irvine, CA; 5 mg/ml = 2.0 mg) under IND 62,179 from the Food and

Drug Administration. The trial was thus fully double-blinded. Following intravenous

sedation with midazolam and fentanyl, a 25-guage Whitacre spinal needle was inserted in a

lumbar interspace and one milliliter of cerebrospinal fluid (CSF) sampled. The study

medication was then. Intraoperative anesthetic management was routine. Analgesia in the

first 24 postoperative hours was provided by intravenous Patient Controlled Analgesia

(PCA) with morphine 1 mg/ml or hydromorphone 0.2 mg/ml (1.5 ml dose, 10 minute

lockout interval, 6 ml hourly limit, no basal infusion), with subsequent oral oxycodone 5–15

mg. Presence and area of hyperalgesia and allodynia surrounding the wound was obtained at

48 hours postoperatively, once with a 225-mN von Frey filament and once with a cotton

tipped swab and patients reported average pain for each 24 hr period. Patients were

contacted by telephone at 8 weeks and 6 months after surgery and queried regarding

presence of new pain since surgery. Based on presence of hyperalgesia at 48 hours of 11 [9,

17] cm (median [25th, 75th percentile) beyond the wound in this surgical population,[11] we

estimated that 50 patients per group would allow us to detect a reduction in the area of

hyperalgesia by as little as 25% at alpha of 0.5. PGE2 in CSF was measured using the

Parameter ELISA kit from R&D Systems (Minneapolis, MN).
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The study was stopped early, after recruitment of only 62 patients, when the only

manufacturer of preservative-free ketorolac stopped making the product (Figure 1).

Ketorolac and saline groups were well matched regarding preoperative characteristics, with

the exception of anxiety, which was higher in the ketorolac group (5.0 [2.8, 7.3]) than in the

saline group (2.0 [0,4]), (P< 0.05 by Mann Whitney U test). Ketorolac and saline groups did

not differ regarding surgical procedure and time or intraoperative dose of sedation or

analgesics. Although ephedrine administration was similar in patients given intrathecal

ketorolac or saline (10 [0,25] and 0 [0,15] mg respectively), more phenylephrine was given

to patients assigned to ketorolac [150 [0,365] and 0 [0,63] μg, (P=0.009)]. Blood pressure

and heart rate decreased similarly after spinal injection in both groups. Cephalad level of

sensory anesthesia did not differ between groups.

Only 4 of 57 subjects (2 each in the saline and ketorolac groups) exhibited hyperalgesia or

allodynia 48 hours after surgery. Pain during the first two days after surgery did not differ

between the ketorolac and saline groups at this time or up to 6 months later (Figure 1).

Similarly, opioid use did not differ between the ketorolac and saline groups, either by PCA

(43 [23 to 76] vs 49 [32 to 73] mg morphine equivalents) or total use, including rescue and

oral medications (76 [48 to 105] vs 83 [63 to 107] mg morphine equivalents). Only 15% of

the study population had residual pain 6 months after surgery, with no difference between

groups (Figure 1). Finally, the groups did not differ 2 or 6 months after surgery in

neuropathic pain scores. Cerebrospinal fluid concentrations of PGE2 were within the normal

range, defined as the 95th percentile in healthy volunteers[3,12] in all but 4 individuals (3

randomized to placebo, 1 to ketorolac). Compared to the other patients in the study, patients

with high spinal PGE2 concentrations did not differ in preoperative characteristics,

including pain assessments or neuropathic pain symptom inventory, or postoperative pain or

opioid use; and none of them reported pain 6 months following surgery.

Our study was critically based on a previous report which showed a high incidence of large

areas of hypersensitivity 48 hr after hip arthroplasty.[11] Because the incidence we observed

was much lower in our patients — and because the drug became unavailable—we were

unable to test our primary hypothesis that intrathecal ketorolac reduces postoperative

hypersensitivity.

Why hyperalgesia in our study was lower than previously reported remains unclear. This

might reflect the use of spinal anesthesia in our patients and general anesthesia in theirs,

since neuraxial anesthesia improves many aspects of acute recovery following hip surgery.

[13,14]. Intrathecal ketorolac also failed to reduce pain or opioid requirements in the first 2

days after surgery, which is similar to results reported in women having vaginal

hysterectomies.[4] Systemic cyclooxygenase inhibitors are effective in this setting,

suggesting that they are acting at non-spinal sites. Based on observations of increased IL-1β

in patients with chronic arthritis,[8] we expected to observe high concentrations of PGE2 in

CSF in our patients who had chronic arthritis. Yet only 4 of 62 subjects had higher

concentrations than normal volunteers, perhaps reflecting a difference between production

of these inflammatory mediators in the central nervous system or a difference in patient

populations (rheumatoid arthritis[8] compared to primarily osteoarthritis in our study).
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We observed an overall incidence of pain of approximately 15% six months after total hip

arthroplasty. This result in our prospective study is thus substantially less than the 27% at

three years previously reported in a postal questionnaire,[15] likely reflecting response bias

using the latter methodology. Although fewer patients given ketorolac reporting pain 6

months after surgery, the difference was not statistically significant and the study was

inadequately powered to assess this outcome. Given the higher baseline anxiety scores in the

ketorolac group, we would have expected a higher incidence of pain 6 months later rather

than lower. Further testing of intrathecal ketorolac must await either re-introduction of a

preservative free product or neurotoxicity testing of the new formulation.

In summary, intrathecal ketorolac did not alter the characteristics of bupivacaine spinal

anesthesia in patients undergoing total hip arthroplasty. We observed only a tiny amount of

hyperalgesia to mechanical testing in this patient population 48 hr after surgery, and were

thus unable to adequately test the effect of intrathecal ketorolac on hyperalgesia. However,

the failure of ketorolac to alter acute pain or opioid requirements or the incidence of pain 6

months after surgery, combined with the largely negative previous studies of intrathecal

ketorolac in volunteers with experimental pain and hypersensitivity, and in patients with

postoperative or chronic neuropathic pain questions the role of spinal cyclooxygenase in

human pain as has been suggested in preclinical studies. Given the failure of a recent clinical

trial in patients with post-herpetic neuralgia to target these inflammatory processes[16] it is

quite conceivable that preclinical studies in male rodents with focus on withdrawal threshold

have defined mechanisms which are irrelevant to human pain.
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Figure 1.
Patient recruitment and disposition
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Figure 2.
Mean ± SD pain intensity score (left) and proportion of patients with pain (right) following

surgery on day 0 in patients receiving spinal injection of saline placebo (open circles) or 2

mg preservative-free ketorolac (filled circles). See Figure 1 for number of subjects over

time. No differences between groups.
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