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Abstract

Objective: To evaluate the efficacy and safety of a novel, continuous intravenous infusion of ketorolac, a powerful
nonopioid analgesic, for postoperative pain control.

Patients and Methods: A prospective, double-blind, randomized, placebo-controlled trial of a continuous infusion of
ketorolac tromethamine in 1 L of normal saline vs placebo was performed in 135 patients aged 18 to 75 years after
laparoscopic donor nephrectomy or percutaneous nephrolithotomy completed from October 7, 2008, through July 21,
2010. Primary study end points were the 24-hour differences in visual analog pain scores and total narcotic consump-
tion, whereas secondary end points were differences in urine output, serum creatinine level, and hemoglobin level.
Results: The study was stopped after randomization of 135 patients (68 in the ketorolac group and 67 in the placebo
group) when interim analysis indicated that the difference in mean pain scores between the 2 groups (difference, 0.6)
was smaller than the 1-point threshold set forth in the power calculations. No statistically significant change was noted
in hemoglobin levels from preoperative to postoperative values (P=.13) or in postoperative serum creatinine levels
(P=.13).

Conclusion: Although continuous infusion of ketorolac produced only a modest decrease in the use of narcotics, it

appears to offer a safe therapeutic option for nonnarcotic pain control.
Trial Registration: clinicaltrials.gov Identifiers: NCT00765128 and NCT00765232
© 2012 Mayo Foundation for Medical Education and Research ® Mayo Clin Proc. 2012;87(11):1089-1097

nadequate postsurgical pain control may lead to

delayed hospital discharge, unanticipated read-

missions, delayed convalescence, and increased
health care costs." Risks associated with pain manage-
ment include opiate overdose, medication adverse ef-
fects, and required administration by nursing staff.
Nonnarcotic pain medications may decrease patient
morbidity, expedite discharge, and help contain
cost.” All these factors are especially important for
elective urologic operations, such as laparoscopic
donor nephrectomy or percutaneous nephrolithot-
omy, which are often performed on healthy individ-
uals who desire an uncomplicated recovery and a
short convalescence.

The cornerstone of postoperative pain manage-
ment remains opioid-based narcotics, which have
the adverse effects of nausea, vomiting, pruritus,
confusion, and respiratory depression.” In contrast,
nonsteroidal anti-inflammatory drugs (NSAIDs),
such as ketorolac tromethamine, are not sedating,
are not addictive, and do not affect bowel function
but nonetheless offer considerable pain relief. In ad-

dition, after major surgery, many patients are ini-
tially unable to take oral medications. Ketorolac is
one of the few nonopioid medications available for
intravenous and intramuscular use.*

Patients and physicians may be apprehensive
about using ketorolac because of the risk of bleed-
ing, diathesis, or renal impairment. Previous studies
have established the safety of bolus administration
of ketorolac and have found that the use of ketorolac
decreases length of stay, reduces narcotic require-
ments, and results in faster return to bowel func-
tion.”” In addition, selected reports highlight the
use of continuous infusions of ketorolac with good
efficacy in patients with cancer pain.®'°

We sought to evaluate the efficacy and safety of
a novel continuous infusion of ketorolac for pain
control in patients undergoing laparoscopic donor
nephrectomy (LDN) or percutaneous nephrolithot-
omy (PNL). This study is a prospective, double-
blind, randomized, placebo-controlled trial of a
continuous intravenous infusion of ketorolac in the
postoperative setting. We chose continuous infu-
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sion over traditional bolus-dosing regimens to try to
decrease the peaks and troughs associated with bo-
lus dosing and thus to provide a better steady state of
pain control. We hope these results will help guide
clinicians toward a new and safer pain management
modality.

METHODS

Patients

After approval from the Mayo Clinic Institutional
Review Board, we conducted a prospective, double-
blind, randomized, placebo-controlled trial of ke-
torolac vs placebo for postoperative pain control in
LDN and PNL patients treated at the Mayo Clinic
Hospital in Phoenix, Arizona, from October 7,
2008, through July 21, 2010. Men and women aged
18 to 75 years who were undergoing LDN or PNL
were candidates for participation. Exclusion criteria
included pregnancy, inability to provide informed
consent, NSAID allergy, asthma, long-term opioid
use, intraoperative blood loss greater than 300 mL,
peptic ulcer disease, bleeding diathesis, creatinine
level greater than 2.0 mg/dL (to convert to wmol/L,
multiply by 88.4), and probenecid use. Both LDN
and PNL were performed using standard ap-
proaches previously described by Lallas et al'" and
Miller et al,"” respectively.

After providing written informed consent, pa-
tients were assigned to receive either ketorolac or
placebo at a random 1:1 ratio. The project statisti-
cian (J.G.H.) created the randomized treatment al-
location schedule using a computerized random
number generator. A separate randomized treat-
ment allocation schedule was used for each type of
procedure, and the allocation schedule was stored at
the Mayo Clinic Hospital pharmacy. Patients, anes-
thesiologists, operating room staff, postanesthesia
care unit staff, urology nurses, urology attending
physicians and residents, and research coordinators
were all masked to the treatment assignments until
the last patient completed the study.

Intervention

The study infusions were prepared by the hospital
pharmacist. The study drug consisted of 90 mg of
ketorolac in 1 L of 0.9% normal saline infused at 40
ml/h. The placebo was 0.9% normal saline infused
at the same rate. Infusions were started in the post-
anesthesia care unit within 30 minutes of comple-
tion of the surgical procedure and were continued
when the patient was transferred to the medical-
surgical inpatient ward. No additional ketorolac ad-
ministration was allowed. Nursing staff could in-
crease the infusion to 120 mL/h for 15 minutes each
hour for pain levels greater than 5. Per our clinical
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protocol, all patients were allowed liberal access to
supplemental opioids for refractory pain (Figure 1).

Pain was assessed and recorded preoperatively,
again at initiation of the postoperative infusion, and
then every 4 hours thereafter using a validated visual
analog scale (VAS) administered by nursing staff
(Figure 1). The VAS was selected because it has been
found to be methodologically sound, conceptually
simple, and easily administered; it also requires no
reading or writing skills."”'* Each patient’s partici-
pation in the study was complete 24 hours after
initiation of the ketorolac or placebo infusion.

Serum electrolyte levels, creatinine level, and a
complete blood cell count were measured in the
postanesthesia care unit and on postoperative day 1.
Time to flatus, oral intake of fluids, and ambulation
were also documented by the nursing staff. In addi-
tion to the study infusion, intravenous fluids were
administered, for a total fluid allotment of at least
125 mI/h. The amount of supplemental opioid an-
algesics consumed was documented and converted
into morphine equivalents.

Study End Points and Statistical Analyses

The primary outcome measures were the differences
in VAS scores and total amounts of supplemental
morphine equivalents used at 24 hours. Secondary
outcomes were changes in serum creatinine level,
urine output, and hemoglobin level between co-
horts. Two primary outcome measures were ac-
counted for using the Hochberg method. Statistical
significance and adjusted means were calculated us-
ing a general linear model with terms for treatment
and procedure.

Sample size was set at 160 patients with an in-
terim analysis after accrual of 128 (80.0%). A stop-
ping rule after interim analysis was established using
the a-spending method with an O'Brien-Fleming
boundary function. At the interim analysis, results
were considered statistically significant (global P<<.05)
if both primary outcome measures had nominal
P<.02 or if either primary outcome measure had
nominal P<<.01.

The sample size for the interim analysis was de-
termined on the basis of the power to detect the
effect size as reported by Schlachta et al'” for ketoro-
lac treatment in laparoscopic colon surgery (A = 1.9
points; SD = 1.9 points). The sample size for the
final analysis was determined on the basis of the
power to detect a difference of 1.0 point, which was
considered the minimum clinically important differ-
ence. The primary comparison included both types
of surgical procedure. Each surgical procedure was
also evaluated separately using the gatekeeper method.
That is, the ketorolac effect in the LDN subgroup
would be evaluated for statistical significance only if
the effect in the combined analysis was statistically
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| Call the on-call physician. |

FIGURE 1. Visual analog scale (top) and pain control algorithm (bottom).

significant, and the ketorolac effect in the PNL sub-
group would be evaluated for statistical significance
only if the effect in the LDN subgroup was statisti-
cally significant. This sequence was selected because
we expected to enroll more patients in the LDN sub-
group than in the PNL subgroup, and we expected
the LDN subgroup to report more pain.

The sample had 80% power (global a=.05) for
the final analysis and 60% power for the interim
analysis if ketorolac reduced pain in the target pop-
ulation by at least 1 point. Secondary variables mea-
sured on a continuous scale were assessed using a
general linear model. Dichotomous measures were
assessed using the Fisher exact test.

RESULTS

We prospectively identified a total of 218 patients
who were scheduled to undergo either LDN or PNL
at our hospital. Twenty-seven patients were not eli-
gible because of exclusion criteria, 51 declined con-
sent, and 4 did not order the study in time, leaving a
total of 135 patients who were randomized to ke-
torolac (n=68) or placebo (n=67) (Figure 2). Seven
patients who consented did not complete the study
because the planned procedure was not performed
(6 patients) or because ketorolac was given during
the procedure itself (1 patient), and these patients
were not included in the final analysis. Thus, a total
of 128 patients received the allocated intervention:
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Assessed for eligibility (N=218)

* Excluded (n=83)
— Not eligible (n=27)

Y

Y

— Declined to participate (n=52)
— Study drug not ordered (n=4)

Randomized (n=135)

|

* Allocated to ketorolac (n=68)
* Received allocated intervention (n=65)
— LDN (n=57)

—PNL (n=8)
* Planned procedure not performed (n=3)
* Discontinued intervention (n=0)
* Lost to follow-up (n=0)

v

* Analyzed (n=65)
—57 LDN
—8 PNL

|

* Allocated to placebo (n=67)
* Received allocated intervention (n=63)
— LDN (n=54)

—PNL (n=9)
* Planned procedure not performed (n=3)
* Ketorolac given during procedure (n=1)
* Discontinued intervention (n=0)
* Lost to follow-up (n=0)

v

* Analyzed (n=63)
—54 LDN
-9 PNL

FIGURE 2. Flowchart of randomized controlled trial of ketorolac vs placebo for pain after renal surgery.
LDN = laparoscopic donor nephrectomy; PNL = percutaneous nephrolithotomy.

65 patients in the ketorolac group (57 LDN and 8
PNL) and 63 in the placebo group (54 LDN and 9
PNL). Because the study was performed in the hos-
pital during the 24-hour postoperative period, all
128 patients completed the study. After interim
analysis revealed that the difference in mean pain
scores between the ketorolac and placebo groups
(difference, 0.6) was smaller than the 1 point set
forth in the power calculations, the study was
stopped.

Baseline demographic information is summa-
rized in Table 1. The mean age of the patients was 52
years (range, 20-76 years). Three of the 8 patients in
the PNL ketorolac group were actively using narcot-
ics at the time of randomization but did not meet
exclusion criteria because the narcotic use occurred
in the context of nephrolithiasis pain and lasted less
than 5 days. More patients in the PNL group (n=17)
were taking medications for diabetes mellitus or hy-
pertension, and the overall body mass index (weight
in kilograms divided by the square of height in me-
ters) was higher in the PNL patients. For the 17 PNL
patients, no differences were found in body mass
index or medication use between the ketorolac and
placebo groups.

During the 24-hour postoperative period, pa-
tients receiving ketorolac infusion had a larger nu-
merical but not statistically significant decrease in
mean pain score compared with that in patients re-
ceiving placebo (1.1 vs. 0.6 points, respectively;
P=.10) (Table 2 and Figure 3). At 20 postoperative
hours, the difference was statistically significant in
the LDN group (P=.02) (Table 4). During the study
period, the mean morphine equivalents consumed
was 38 mg in the ketorolac group and 41 mg in the
placebo group, a difference of 3 mg (P=.79) (Table 2).

No statistically significant differences were
found between the treatment and placebo groups in
time to oral intake of fluids, flatus, or change from
preoperative to postoperative weight either overall
(Table 2) or by LDN or PNL subgroup (Table 3). A
statistically significant improvement was noted in
time to ambulation in the ketorolac LDN group
(11 vs 13.5 hours; P=.04) (Table 3).

Postoperative urine output was lower in the ke-
torolac group both overall (Table 2) and in the LDN
subgroup (Table 3). Hemoglobin level and white
blood cell count were lower in the ketorolac group
(Table 4). However, no statistically significant dif-
ference was found in serum creatinine level be-
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TABLE 1. Baseline Demographic Characteristics for 128 Patients Undergoing LDN or PNL®®

LDN group (n=111)

Characteristic Ketorolac (n=57)

Mean age (y) 43
Women 23 (40.4)
Current narcotic use 0
Current tobacco use 7 (123)
Current use of medications for

Diabetes mellitus 0

Hypertension 3(53)

Thyroid 7 (123)
Mean weight (kg) 77
Mean BMI 259
Mean preoperative baseline pain score

(scale of 0-10) 0.04

PNL group (n=17)

Placebo (n=54) Ketorolac (n=8) Placebo (n=9)

43 59 62
33(61.1) 3(37.5) 4 (44.4)
0 3(37.5) 0

8 (148) 2 (250) 0
0 I (12.5) (1)
2(37) 4 (50.0) 4 (44.4)
4(74) 0 2(222)
78 92 87
265 33 305
0.09 1.6 028

#BMI = body mass index; LDN = laparoscopic donor nephrectomy; PNL = percutaneous nephrolithotomy.

®Data are presented as No. (percentage) unless otherwise indicated.

tween the groups (P=.13 overall, P=.15 in the
LDN subgroup, and P=.63 in the PNL subgroup),
and both groups had adequate mean urinary output
(142 mL/h in the ketorolac group and 175 mL/h in
the placebo group). In addition, no statistically sig-
nificant differences were found in the change from
preoperative to postoperative hemoglobin level be-
tween groups (1.33 g/dL in the ketorolac group vs
0.94 g/dL in the placebo group [to convert to g/L,
multiply by 10]; P=.13; data not shown), and no
patient required a blood transfusion.

DISCUSSION

A continuous infusion of ketorolac offered a safe
therapeutic option for pain management after LDN
or PNL. At the interim analysis, the mean pain score
on the VAS for the ketorolac group was 0.6 point
lower than that of the placebo group. Because this
difference was smaller than the minimum crite-
rion set forth in the power calculations in the
study protocol, the study was suspended on the
basis of the predetermined stopping criteria.
However, we still believe that our report of these
findings is an important contribution to the med-
ical literature because it describes a novel adminis-
tration of ketorolac and highlights the safety of the
short-term use of this medication in patients after
selected renal surgery.

We hypothesized that the use of a continuous
ketorolac infusion would provide patients with a
consistent steady state of medication delivery by
eliminating the peaks and troughs associated with
bolus dosing. This approach has been found to be
effective with patient-controlled analgesia because

frequent smaller doses provide smoother biodistri-
bution and better matching of analgesic dose and
patient requirement.'®

Urologic studies describing the use of ketorolac
for postoperative pain control are limited, and none
of these studies have been double-blind, random-
ized, placebo-controlled trials.””'"*! This is un-
fortunate because there can be considerable postop-
erative narcotic use in certain urologic populations.
Lingeman et al’® reported a mean postoperative
morphine use of 33.2 mg (range, 7.5-76 mg) during
a mean hospital stay of 3.2 days for patients under-
going PNL. In addition, the only clinical studies that
describe a continuous ketorolac infusion are in ref-
erence to cancer pain or were not randomized.*#'°
To our knowledge, our findings are the first from a
randomized, double-blind, placebo-controlled study
to evaluate a continuous ketorolac infusion for post-
operative pain control in patients who have under-
gone LDN or PNL.

Acute renal failure is a well-described complica-
tion of NSAID use. The NSAID-mediated inhibition
of cyclooxygenases inhibits vasodilatory prostanoid
production, thus reducing the diameter of the affer-
ent arteriole and contributing to a decrease in the
glomerular filtration rate.”” Patients with underly-
ing volume depletion, which is common in the post-
operative setting, are at risk for this phenomenon.*’
We believe that adequate intravenous fluid hydra-
tion of patients receiving ketorolac is renoprotec-
tive. The use of adequate intravenous fluids to pre-
vent intravascular dehydration may mitigate the
potential detrimental effects of ketorolac on glomer-
ular filtration rate by increasing hydrostatic pressure
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TABLE 2. Overall Outcomes of 128 Patients Who Underwent Laparoscopic Donor Nephrectomy or

Percutaneous Nephrolithotomy?®

Variable Ketorolac (n=65)

Postoperative pain (scale of 0-10)

0 Hours 2.6

4 Hours 2.5

8 Hours 23

12 Hours 2.0

|6 Hours |.6

20 Hours |.6

24 Hours 1.5
Morphine equivalents (mg)

24 Hours 38

Discharge 51
Duration of study drug infusion (h) 233
Blood transfusion, No. (%) 0
Urine output (mL) 3200
Time to oral fluids (h) 33
Time to general diet (h) 14
Time to flatus (h) 17
Time to ambulation (h) 9.7
Postoperative weight gain (kg) 85

2Cl = confidence interval.

®Data are presented as mean unless otherwise indicated.

and volume, which may explain why no difference
was observed in serum creatinine level between the
ketorolac and placebo groups. A decrease was noted
in the 24-hour urine output in the ketorolac group
vs the placebo group (P=.001). However, mean
urine output was still excellent in both cohorts, with
amean of 142 and 175 mL/h, respectively. Further-
more, no difference was found in serum creatinine
level between groups, which supports the notion
that a continuous infusion of ketorolac can be used
safely in the period after selected renal surgery. This
finding is consistent with those in other reports in
the contemporary medical literature. Freedland et

° 35
5304~
825 ’\ol.\
20 \.§ — T
215 o o °
§ 1.0 4 [~#— Placebo
Los|-* Ketorolac
0.0 T T T T T T 1
0 4 8 12 16 20 24
Time (h)

FIGURE 3. Mean pain score in first 24 hours.

Placebo (n=63) A (95% Cl) P value
27 —0.1 (1.1 to 1.0) 9l
30 —05 (—121003) 2
25 —02(~1.0t005) 58
22 —02 (—081t0 0.5) 58
21 —06(—12100.1) 1l
23 =06 (—1.3t000) .06
21 —06(—13100.1) 10

41 —3(=20to I5) 79
52 —1(=24t022) 94
22.7 05 (—04to 1.4) 25

0 0.00 (—0.06 to 0.06) >99
4500 — 1300 (—2000 to —500) 001
37 —05 (—1.5t00.5) 32

16 —20 (=52t I.1) 20
19 —17 (—6610323) 50

12 —20 (—421003) 09
86 — 1.1 (=7.0t0 49) 72

al® investigated 198 patients who underwent open
LDN with or without ketorolac analgesia and found
no difference at 3-month postsurgical follow-up in
creatinine clearance (70% vs 73%; P=.92) between
those treated with or without ketorolac. In addition,
a review of nearly 20,000 patients treated with ke-
torolac found that use for less than 5 days did not
adversely affect renal function and resulted in no
risk of renal failure.*”

The use of NSAIDs may cause prostaglandin in-
hibition and associated platelet dysfunction that in-
creases the risk of bleeding. The mean hemoglobin
level was lower in the ketorolac group vs the placebo
group on postoperative day 1 (11.5 vs 12.1 g/L;
P=.01). However, no patient required a blood
transfusion or returned to the operating room for
bleeding, and no difference was observed in the
change in the preoperative vs the postoperative he-
moglobin level (1.33 vs 0.94 g/L; P=.13).

Because our study is the first to describe the use
of a continuous ketorolac infusion for postoperative
pain control, the power calculations were defined
using a study by Schlachta et al,'” which evaluated
pain control after laparoscopic colon surgery. How-
ever, the assumption that postoperative pain for re-
nal and colon surgery would be similar, and thus a
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Variable Ketorolac (n=65) Placebo (n=63) A (95% ClI) P value

Laparoscopic donor nephrectomy (n=111)

Pain score (scale of 0-10)

0 Hours 34 36 —02 (— 1410 09) 68
4 Hours 37 43 =05 (—131t002) .18
8 Hours 35 37 —02(=10t007) 69
12 Hours 26 29 —03 (= 1.0t0 04) Al
16 Hours 25 32 =07 (=14to0.1) .08
20 Hours 24 32 =09 (—1.6to —0.1) 02
24 Hours 24 3.1 =07 (=15t00.1) .08
Morphine equivalents (mg)
24 Hours 65 69 —4(=24t0 17) 73
Discharge 85 88 —3(=29t023) 83
Duration of study drug infusion (h) 23.0 22.2 0.8 (—021to 1.8) A2
Transfusion, No. (%) 0(0) 0(0) 0.00 (—0.07 to 0.06) >99
Urine output (mL) 4600 5800 — 1300 (—2100 to —400) 003
Time to oral fluids (h) 39 4.6 —0.8 (—1.8t00.3) .18
Time to general diet (h) 16.2 17.7 —1.5(=50to 1.9) .38
Time to flatus (h) 21 22 =4 (=73 1e45) 64
Time to ambulation (h) I'1.0 13.5 =25 (=49 e =0.1) 04
Postoperative weight (kg) 8l 8l 0(—6to6) 95

Percutaneous nephrolithotomy (n=17)

Pain score (scale of 0-10)

0 Hours 25 1.3 [.2 (—1.6t0 3.9) 37
4 Hours 1.5 I4 0.1 (-22t023) 96
8 Hours 0.88 1.3 =05 (=1.7t0 0.8) 44
12 Hours 1.6 .1 05 (= 1.6to0 2.6) 61
|6 Hours 1.0 0.8 02 (—I.I'to I.5) 72
20 Hours 1.5 0.8 0.7 (—1.2t0 2.6) 44
24 Hours 1.0 09 0.1 (—=1.3to |.5) 87
Morphine equivalents (mg)
24 Hours I5 10 5(=21to3l) 67
Discharge 24 Il I3 (—18to043) 39
Duration of study drug infusion (h) 22.7 24.0 —12(=32t00.7) 20
Transfusion, % 0 0 0 (—=0.3410 0.37) >99
Urine output (mL) 2000 3100 —1200 (—2700 to 400) A2
Time to oral fluids (h) 35 22 [.3(—021t02.8) .08
Time to oral general diet (h) 10.3 15.2 —49 (—129t032) 22
Time to flatus (h) 13.6 16.3 =27 (—11.6t062) 53
Time to ambulation (h) 10.0 8.6 .4 (—601t0 8.8) 69
Postoperative weight (kg) 80 94 —14 (=49 to 21) 37

?Cl = confidence interval.
®Data are presented as mean unless otherwise indicated.
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TABLE 4. Mean Laboratory Values on Postoperative Day 1 for 128 Patients Who Underwent Laparoscopic

Donor Nephrectomy or Percutaneous Nephrolithotomy

Ketorolac Placebo
Value (n=65) (n=63) A (95% Cl) P value
Overall group (N=128)
Hemoglobin (g/L) I'1.5 [2.1 =06 (—=1.1to =0.1) Ol
WBC count (X 10%/L) 8.7 9.8 =l (=2l iw =Q.1) 03
Sodium (mmol/L) 137.0 136.8 0.2 (—=0.7to I.I) 65
Potassium (mmol/L) 4.12 4.10 0.03 (—0.17 t0 0.23) 79
Chloride (mmol/L) 102.0 99.7 23 (—081to0 54) 14
Carbon dioxide (mmol/L) 26.8 26.2 0.6 (—02to 1.4) A2
BUN ratio 134 12.2 1.2 (—=0.21t0 2.5) 09
Creatinine (mg/dL) [.19 [.12 0.08 (—0.02t0 0.17) A3
Laparoscopic donor nephrectomy subgroup (n=111)

Hemoglobin (g/L) I'1.6 12.1 —0.5 (— 1.0 to 0.0) 04
WABC count (X 10%/L) 9.2 10.5 —1.3(=23t0 -03) Ol
Sodium (mmol/L) 136.8 1363 05 (=03to I.3) 24
Potassium (mmol/L) 4.03 397 0.06 (—0.16 to 0.28) 59
Chloride (mmol/L) 1032 102.0 12 (03t022) Ol
Carbon dioxide (mmol/L) 274 26.8 0.6 (—0.3to 1.4) 19
BUN ratio I'1.7 1.0 0.7 (—0.6to 2.1) 29
Creatinine (mg/dL) 1.38 1.30 0.08 (—0.03t0 0.19) A5

Percutaneous nephrolithotomy subgroup (n=17)

Hemoglobin (g/L) 1.2
WABC count (X 107/L) 8.6
Sodium (mmol/L) 1362
Potassium (mmol/L) 4.12
Chloride (mmol/L) 104.1
Carbon dioxide (mmol/L) 265
BUN ratio 6.4
Creatinine (mg/dL) 0.99

122 —1.0(-2310023) 13
86 00 (=3.510 3.5) >99
1380 —18(=561t02.1) 35
431 —0.19 (—0.62 t0 0.25) 38
95 9.5 (=157 t0 34.7) 44
254 Il (= 1410 3.5) 37
12.4 40 (-131093) 13
094 004 (—0.14 10 0.23) 63

BUN = blood urea nitrogen; Cl = confidence interval; WBC = white blood cell.

comparable effect of ketorolac on postoperative pain
would be observed, may not have been accurate. In
addition, in the colon study, ketorolac was provided
in a bolus-dosing regimen and not as a continuous
infusion as in our study. These differences in surgi-
cal technique, study design, method of drug admin-
istration, and patient populations may also account
for the erroneous hypothesized pain differences
used for the power calculations. Perhaps the lack of
difference found in pain scores and morphine
equivalents used is indicative of both the subjective
nature of patient-perceived pain and the overall
adequacy of postoperative pain control by the
clinical pathway at our institution. In addition,
perhaps our ketorolac infusion dose was too low,
and thus a higher dose or infusion rate may be

more effective and equally safe. Finally, perhaps
our sample size, especially in the PNL group, was
too small to allow us to identify a clinically mean-
ingful difference between treatment and placebo
groups.

CONCLUSION

Ketorolac appears to offer a safe therapeutic option for
patients in the acute postoperative period after LDN or
PNL, with no differences seen in serum creatinine level
or changes in hemoglobin level between groups. Al-
though the decreased use of narcotics was only
modest, to our knowledge, this study is the first
randomized, double-blind, placebo-controlled trial
to highlight the novel approach of providing a con-
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tinuous steady state of ketorolac. As such, it represents
the highest level of scientific evidence, which we hope
will help guide clinicians in the use of this medication
in the pain management armamentarium.

Abbreviations and Acronyms: LDN = laparoscopic do-
nor nephrectomy; NSAID = nonsteroidal anti-inflammatory
drug; PNL = percutaneous nephrolithotomy; VAS = visual
analog scale
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