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Purpose :  To assess the safety and efficacy of transderrnal fentanyl plus im ketorolac vs im ketorolac alone in the 
treatment of postoperative pain. 
Me thods :  Ninety-two patients scheduled for surgery involving moderate to severe postoperative pain were ran- 
domized to one of two groups. Group A (n=46) received an active fentanyl patch and group P (n=4.6) received 
a placebo patch. Patches remained in place for 24 hr. Each patient received intraoperative ketorolac, 60 mg ira. 
Patients were monitored for 36 hr postoperatively and the groups were analyzed for ketorolac usage, pain scores, 
vital signs, serum fentanyl concentrations, and adverse events. Intramuscular ketorolac was available on demand. 
Results: Group A had lower pain scores at 8, 12,16 and 24 hr after patch placement (P<0.05). Group A had 
lower heart rates, lower respiratory rates and fewer dropouts due to inadequate pain relief (4.3% ~ 21.7%, 
P<O.05). Group A patients also used less ketorolac than group P patients (P<0.05). The incidence of pruntus 
was higher in group A patients (19% vs 2%, P<0.05), while the incidence of nausea and vomiting was not dif- 
ferent between the two groups. Transdermal fentanyl was adequate "stand-alone" analgesia in only 23.8% of 
group A patients while 93.7% of the remaining group A patients receiving a combination of transdermal fentanyl 
and ketorolac had adequate pain relief. 
Conc lus ion :  The transdermal fentanyl delivery system plus ketorolac im was more effective in controlling post- 
operative pain than ketorolac im alone. The two treatment modalities were comparable in safety with no differ- 
ence in serious adverse events. 

Ob jec t i f  : I~valuer en rapport avec le traitement de la douleur postop&atoire la s&urit~ et refficacit~ du fen- 
tanyl transdermique associ~ au k&orolac avec celles du k~torolac seul. 
M & h o d e s  : Quatre-vingt-douze patients programm~s pour une chirurgie comportant des douleurs postop&a- 
toires modi f ies ~ graves ~taient r~partis al~atoirement entre deux groupes. Le groupe A (n =46) recevait un timbre 
autocollant au fentanyl et le groupe P (n =46) un timbre placebo. Les timbres demeuraient en place pendant 24 h. 
Chaque patient recevar 60 mg de k&orolac im pendant I'intervention. Les patients ~t~ent gard@s sous surveillance 
pendant 36 h apt& I'intervention et la dose de k~torolac utilis~e, les scores de douleur, les signes vitaux, les con- 
centrations c~e fentanyl et les incidents ind&irables (~taient not@s. Du k~torolac ~tait administr~ im sur demande. 
R~su|tats : Les patients du groupe A pr~sentaient les scores de douleur les plus bas ~ 8, 12. 16 et 24 h apr~s 
I'application du timbre (P<0,05). Les patients du groupe A avaient la fr~quence candiaque et respiratoire la plus 
lente et le moins de d~crochage par insatisfaction (4,3% ys 21,7%$, P<0,05). Les patients du groupe A ont aussi 
utilis~ moins de k@torolac que ceux du groupe P (P<0,05). I'incidence de prurit @tait plus ~lev~e chez les patients 
du groupe A (I 9% vs 2%, (P<0,05), alors que I'incidence des naus~es et des vomissements 6tait la m~me dans 
les deux groupes. Le fentanyl transdermique n'~tait suffisant comme analg~sique unique que dans seulement 
23,8% des patients du groupe A ', 93,7% des autres patients du groupe A qui avaient rec, u une combinaison de 
fentanyl transdermique et de k~torolac ~taient suffisamment soulag~s. 
Conclus ions  : 12administration transdermique de fentanyl associ6 au k~torolac irn a ~t~ plus efficace pour 
soulager la douleur que le k~torolac im seul, Sous I'aspect de la s~curitc ~ et des incidents ind~sirables, les deux 
methoctes @talent comparables. 
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T 
HE currently available transdermal fentanyl 
system (Duragesic, TTS-Fentanyl, ALZA 
Corporation, Palo Alto, Calif. marketed by 
Janssen Pharmaceutica, Piscataway, NJ. )  is 

approved by the FDA 'in the US for opioid tolerant 
patients but not for opioid naive patients. Concerns 
over the use of  Duragesic transdermal fentanyl have 
been raised stemming from its misuse in patients with 
pain after surgery. Nine case reports of  the use of  
Duragesic transdermal fentanyl in outpatient, minor 
surgery conditions causing major respiratory depres- 
sion, arrest and death up to 24 hr later have been 
investigated by the FDA. 1~ These reports and the 
cause of  death are diffictdt to evaluate because of con- 
current analgesic medication and the unsupervised 
home care. These poor outcomes are of particular 
concern because the Duragesic transdermal fentanyl 
was evaluated for use in over 350 opioid naive patients 
with postoperative pain. The FDA, Alza Corporation 
and Janssen Pharmaceuticals concluded that there was 
no effective analgesic dose of the Duragesic system 
that was also safe in opioid naive patients with post- 
operative pain and recommended against its use in this 
population. 3-s The development of  a new transdermal 
fentanyl system using different technology (FTDS- 
fentanyl, Cygnus Therapeutic systems, Palo Alto, 
Calif.) has again raised the question of  whether a 
transdermal fentanyl delivery system may be safe and 
useful for the management of  acute pain. 6,7 In addi- 
tion, a number of  reports suggested that transdermal 
fentanyl may be useful and safe in treating acute pain 
if lower doses were coupled with non-opioid analgesic 
supplementation, such as nonsteroidal anti-inflamma- 
tory drugs, in a monitored medical environment. 8,9 

The purpose of the current study was to determine 
the safety and efficacy of the FTDS-fentanyl transdermal 
delivery system for the control of postoperative pain 
under conditions of general use in the post-surgical 
patient population. A nonsteroidal anti-inflammatory 
drug, ketorolac tromethamine, was used as the con- 
comitant analgesic for the fentanyl transdermal system 
instead of additional opioid analgesia. This mttltinaodal 
approach has not been examined in previous studies and 
may, theoretically, reduce the frequency of side effects of 
opioids without compromising pain relief. 

Methods and materials 
The study design was randomized, double-blinded and 
placebo-controlled. Each of the three centres partici- 
paring in the study used their own randomization code. 
Institutional Review Board approval was obtained at 
each participating institution. After written informed 
consent was obtained, 92 ASA 1-3 patients undergoing 

surgery with anticipated moderate to severe postopera- 
tive pain (Table I) were randomized to one of two 
groups. Patients in Group A (n=46) received an active 
(FTDS) fentanyl patch. If the patient weighed <60 kg, 
they received a 30 cm ~ patch (FTDS-30) delivering 
approximately 55--65 lag.hr -1 and if 260 kg, they 
received a 40 cm 2 patch (FTDS-40) delivering approx- 
imately 70-80 lag.hr -1. Group P (n=46) received either 
a 30 cm 2 or a 40 cm 2 placebo patch identical in appear- 
ance to its active counterpart according to the patient's 
weight. The patch was placed on the left anterior chest 
wall two hours before surgery and remained for 24 hr 
before removal. If necessary, hair was clipped from the 
patch site prior to application. The area was not shaved 
to maintain an intact skin so the absorption rate 
remained unchanged. 

Patients with a documented history of opioid or 
NSAID sensitivity, drug abuse, recent opioid analgesic 
or angiotensin converting enzyme inhibitor therapy, a 
history of  severe respiratory or neurological symptoms 
or having an unstable medical condition were exclud- 
ed from the study as were patients >110 kg or <45 kg, 
age <18 or >65 yr and ASA status 4 or 5. 

The current study utilized an alternative transder- 
mal patch design (FTDS-fentanyl, CYGNUS 
Therapeutic Systems, Redwood City, Calif.). 6 The 
new Cygnus transdermal fentanyl system is represent- 

TABLE I Demographics and Procedures 

Demographic Group A Group P 

Age* (yr) 51.4 • 12.1 46.5 • 11.7 
Weight* (kg) 72.9 • 10.2 83.5 • 9.1 
Height* (cm) 163.1 • 14.4 160.9 • 12.5 
Male 12 15 
Female 34 31 

Procedures Group A Group P 
parotidectomy 1 1 
laparoscopic cholecystectomy 1 1 
open cholecystectomy 2 3 
colectomy [ 1 ] 7 [ 3 ] 
mastectomy 2 3 
mammoplasty 0 1 
open prostatectomy 3 2 

Total General Surgery 15 18 
abdominal hysterectomy 12 [1] 10 [4] 
vaginal hysterectomy 2 1 
oophorectomy 2 1 

Total Gynaecological Surgery 16 12 
lumbar/cervical spine 7 8 [2] 
rotator cuff repair 1 3 
ORIF fractured ankle 1 0 
total knee replacement 3 2 
ORIF wrist 0 1 
total hip replacement 3 2 [1] 

Total Orthopaedic 15 16 

Total Procedures 46 [2] 46 [10] 

*Mean • (SEM). [Drop-outs due to inadequate analgesia]. 
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Cygnus Transdermal Fentanyl 
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F I G U R E  1 Schematic of the FDFP fentanyl patch (CYGNUS 
Transdcrmal Systems), The drug is embedded in the contact 
adhesive layer instead of in a reservoir. 

ed schematically in Figure 1. The drug is stored with- 
in the fibres of the system and is released transdermal- 
ly at a steady rate which depends primarily on the 
patch surface area. The FTDS employs an unsealed 
multi laminate system containing a solid matrix in 
which the fentanyl is embedded instead of the reser- 
voir design used in the ALZA system. The biophar- 
maceutics of the new FTDS system have recently been 
elucidated. 7 

The subjects underwent the following standard 
general anaesthetic: premedication with 0.035 
mg.kg -j midazolam, im or iv, up to a total of 2.5 mg, 
30-60 min before surgery; induction with 4-6 
mg-kg -Z thiopentone and 0.5--4.0 lag.kg -1 sufentanil 
with 1.5 mg.kg -1 succinylcholine chloride to facilitate 
tracheal intubation. Maintenance of anaesthesia was 
with nitrous oxide up to 70%, isoflurane 1-1.3% and 
oxygen, 30%. Vecuronium bromide was administered 
for supplemental neuromuscular blockade and was 
reversed at the end of the procedure with 40-80 
~ag-kg -I neostigmine combined with 8-16/ag-kg -1 gly- 
copyrrolate. In addition, each patient received an 
intraoperative loading dose of  60 mg ketorolac 
tromethamine, im, within 60 min of the end of the 
procedure. There was no further administration of 
sufentanil after the initial dose of ketorolac. 

Upon entering the Post Anesthesia Care Unit 
(PACU), if the patient complained of pain, they were 
allowed to receive up to 35 pg.kg -1 morphine iv and 
repeated as needed in 15 min, up to a total dose of 70 
~ag.kg -]. Thereafter, administration of all analgesics 
was restricted except for ketorolac ira. Supplemental 
pain control consisted of injectable ketorolac, 30 mg 
im, every six hours as needed, according to manufac- 
turer's guidelines. If the patient needed additional 
opioid analgesic, they were discontinued from the 
study. Also, oxygen was administered at 3 L.min -~ 
nasally for the duration of the PACU stay as per stan- 
dard post-anaesthesia protocol. 

Postoperative evaluations were performed by a 
research nurse or investigator. Patients were evaluated 
immediately in the recovery room, at 60 rain and at 4, 
8, 12, 16, 24, and 36 hr after patch placement. 
Evaluations included noninvasive blood pressure, res- 
piratory rate, heart rate, oxygen saturation by pulse 
oximetry, and pain. A 100 mm visual analog scale pain 
score was used with 0 defined as "no pain" and 100 
defined as "worst possible pain." As a standard, pain 
evaluations were typically done at rest and not imme- 
diately after exertion postoperatively. 

Patients were monitored for adverse events, includ- 
ing itching, muscle rigidity, hypertension (DBP >90 
mmHg), hypotension (DBP <50 mmHg), tachycardia 
(HR >100.min-]), bradycardia (HR <60-rain-l), 
diaphoresis (skin pallor and beads of sweat on fore- 
head), respiratory depression (defined below), nausea 
and vomiting (as reported by the patient), and blurred 
vision. Muscle rigidity was evaluated by observation, 
palpation and questioning of the patient by the 
research nurse or investigator. 

Patients were discontinued from the study if any of 
the following occurred: respiratory rate <8 bpm for 
> five minutes; PaCO 2 of ~ 55 mmHg; excessive sleepi- 
ness or lack of responsiveness to verbal stimulation; 
request by the patient, primary physician, or investiga- 
tor; inadequate pain relief (patient requested to be dis- 
continued from the study, stating pain as the reason); 
SpO 2 <86% with no return to baseline after minor 
stimulation. Supplemental oxygen was not utilized 
after subjects left the PACU unless the SpO 2 
decreased to <86% at which time the patient was dis- 
continued from the study. The PaCO 2 was measured 
by arterial blood gas analysis only if the patient's res- 
piratory rate was <8 bpm for > five minutes. 

Medical management for respiratory depression (res- 
piratory rate <8 bpm) consisted off removal of patch, 
verbal and physical stimulation and observation, use of 
naloxone (incremental iv doses of 80-100 ~ag), and/or 
the use of other appropriate medical intervention. 
Study personnel continued to monitor the patient as 
before for at least 12 hr after removal of the patch. 

Five millilitres of blood were drawn preoperatively, 
then at 12 and 24 hr after patch placement for serum 
fentanyl assay. The blood was immediately placed on 
ice. Within one hour of collection, the blood was cen- 
trifuged for 15 rain at 1000G to separate the plasma. 
The plasma was then frozen at -20"C and serum fen- 
tanyl concentrations were determined by RIA (radioim- 
munoassay). The lower linfit of the assay used was 0.05 
ng.ml-], l~ The limits ofquantitation and detection of 
the assay were 0.20 and 0.05 ng.m1-1, respectively. The 
variability in quality-control recovery was less than 5%. 
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Efficacy of  the response to the fentanyl patch was 
evaluated by analgesic assessment scales, number of  
doses and dose of  ketorolac, and number of  drop-outs 
in each treatment group. 

Statistical analysis 
Statistical analysis was carried out using PCSOLVE 
software (Pacific Crest Software, Inc., Seattle, Wash.) 
Patient demographics were analyzed using the 
Student's t test. Vital signs and pain scores were ana- 
lyzed using repeated measures ANOVA followed by t 
test with Bonferroni's correction where appropriate. 
The amount of  ketorolac used was analyzed using the 
Mann-Whitney U test. The frequency of  side effects 
and dropout rates were analyzed with the chi-square 
test. P values of  <0.05 were considered statistically sig- 
nificant. All values are expressed as mean • standard 
error of  the mean (SEM). 
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FIGURE 2 Serum fentanyl concentrations for group A and 
group P (mean ng /ml  • SEM). 

*P<O.O001 compared with placebo patch. The patch was removed 
at 24 hr. 

Results 
The two groups did not differ with regard to age, race, 
weight, height or ASA status (Table I). There was no 
difference between the groups in the types of  surgical 
procedures performed or in the mean duration of  the 
procedure (156 • 28 rain for group A vs 162 • 31 min 
for group P). There was also no difference between the 
two groups in the amount of  intraoperative sufentanil 
(0.87 • 0.3 lag.kg -I vs 0.95 • 0.32 lag-kg -l) or recov- 
ery room morphine given (26.9 • 4.3 ~ag.kg -1 vs 30.1 
• 3.8 lag.kg-1). 

Group A patients used less ketorolac for supple- 
mental analgesia for the 36 hr postoperatively. The 
median number of  doses of  demand i m  ketorolac was 
two doses for group A vs three doses for group P 
(P<0.05). The median total demand i m  ketorolac 
(excluding the intraoperative dose) was 60 mg for 
group A and 90 mg for group P (P<0.05). There was 
no difference between serum fentanyl concentrations 
for the active patch group at 12 and 24 hr after patch 
placement (Figure 2). 

Also, there was no difference between the groups 
with respect to systolic and diastolic arterial blood 
pressures. Heart  rates were lower for group A than for 
group P at 8, 16, and 36 hr after patch placement 
(Figure 3a). Respiratory rates were lower for group A 
at 8 and 12 hr than for group P (Figure 3b).There 
were no differences between the two groups with 
respect to SpO 2 (Figure 3a). 

Visual analog pain scores (100 mm) were lower 
(P<0.05) for group A at 8, 12, 16 and 24 hr after patch 
placement (Figure 4). More patients (/'<0.05) in group 
P (10, 21.7%) dropped out of  the study due to inade- 
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FIGURE 3 Cardiorespiratory variables. 
3a Heart rates for groups A and P (mean bpm • SEM). */'<0.05. 
3b Respiratory Rate for groups A and P (mean breaths per 

minute • SEM). *P<0.05. The patch was removed at 24 hr. 
3c Ox3,gen saturation (SpO2) for the active and placebo patch 

group (mean percent + SEM). 
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FIGURE 4 Visual Analog Scale Pain Score for the two study 
groups (mean millimeters • SEM). 

*/'<0.05.0 mm end of scale defined as "no pain" and 100 mm 
end of scale defined as "worst possible pain." 

quate analgesia than in group A (2, 4.3%, Table II). 
However, there was no difference in total drop-out rate 
between the two groups. Inadequate analgesia was 
defined as VAS pain scores consistently >20 and the 
patient requesting to be discontinued from the study 
due to lack of  analgesia. Patients discontinued from the 
study for inadequate analgesia were placed on a regi- 
men of  iv PCA morphine and were monitored for the 
remainder of  the 36 hr without any report of  respirato- 
ry depression. 

There was a greater incidence of pruritus in group A. 
There was a greater incidence of  patients reporting pain 
as a problem in group P. There were no differences in 
the other side effects studied (Table III). Although five 
patients in group A had a decrease in SpO 2 (Table III), 
no patient was terminated from the study for a persis- 
tently low SpO2, and only one patient from group A was 
discontinued due to a low respiratory rate (Table II). 
The other five patients in Table III responded to 
encouragement to deep breathe or low flow supple- 
mental oxygen by nasal cannula. They were not discon- 
tinued from the study. 

Discussion 
Previous investigators have reported the successful use 
of  transdermal fentanyl for postoperative analgesia 
with some reporting respiratory depression. 6,12-19 
However, they all employed opioids as the supple- 
mental analgesic. Recently, Sandler s and Stansld 6 pro- 
posed that investigation into the use of  transdermal 
fentanyl as a component ofa  multimodal analgesic sys- 
tem (i.e., in conjunction with a nonsteroidal antiin- 
flammatory drug) because it may provide an effective 

TABLE II Summary of Study Drop-outs 

Group A Group P P 

Inadequate 
Analgesia 2 10 <0.05 
Hypotension 2 0 NS 
Low SpO2/Resp Rate 1 0 NS 
Return to OR 1 0 NS 
Laryngospasm 1 0 NS 
Abdominal Cramps 0 2 NS 

Total Drop-ours 7/46 12/46 NS 

TABLE III Summary of Adverse Events 

Group A Group P P 
n -42 n =42 

Nausea 25 (60%) 20 (48%) NS 
Vomiting 11 (26%) 7 (17%) NS 
Itching 8 (19%) 1 (2%) <0.05 
Low SpO 2 5 (12%) 1 (2%) NS 
Respiratory Rate <9 4 (9%) 2 (4%) NS 
Somnolence 1 (2%) 0 (0%) NS 
Hypertension 0 (0%) 0 (0%) NS 
Hypotension 4 (9%) 1 (2%) NS 
Tachycardia 2 (4%) 3 (7%) NS 
Bradycardia 2 (4%) 1 (2%) NS 
Anxious 2 (4%) 6 (14%) NS 
Pain 3 (7%) 20 (48%) <0.05 
Muscle cramps 0 (0%) 2 (4%) NS 
Abdominal cramps 0 (0%) 4 (9%) N.S 
Difficulty voiding 0 (0%) 2 (4%) NS 

postoperative analgesic regimen. The present study 
was conducted to test this hypothesis and employed 
ketorolac as the supplemental analgesic. In this study, 
the active patch patients used less adjunctive medica- 
tion and achieved superior pain scores than did 
patients in the placebo patch group. This might have 
been predicted and is consistent with the majority of  
previous studies conducted using opioids as the sup- 
plemental analgesic) 2-19 

There were no differences in blood pressures between 
the two groups although there was a decrease in heart 
rate in the active patch group during the 8th, 16th, and 
36th hr observations. This is consistent with known 
effects of  opioids on heart rate during effective analge- 
sia. 2~ The lower respiratory rate for the active patch 
group is a predictable response to transdermal fentanyl 
and is consistent with previous studies. 12,16,18,19 Gourlay 
et al. reported that three of  13 patients required reduc- 
tion in the transdermal fentanyl dose due to bradypnea 
while one required an increased dose due to inadequate 
pain relief using a 75 ~g.hr -1 system initially. 16 
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Coupling a lower dose transdermal fentanyl system 
with a nonsteroidal anti-inflammatory analgesic may 
result in less respiratory depression than adding more 
opioid analgesia to the patch. No patient was discon- 
tinued from the study due to low respiratory rate 
(although one was removed due to a low SpO2). The 
data could be interpreted as result of a higher respira- 
tory rate for group P due to less effective analgesia. 
"]?he respiratory rate in group A was less than that in 
group P at the time of peak serum fentanyl concentra- 
tions and then increased after the patch was removed 
(Figure 3b). 

There was no difference in mean oxygen saturation 
(SpO2) between groups A and P. One patient in group 
A was removed from the study because of a low respi- 
ratory rate although the SpO 2 was acceptable. No 
patient in group P was removed either for low respira- 
tory rate or low ox3rgen saturations reflecting the high- 
ly variable patient sensitivity and response to opioids. 21 

One important finding of this study was the lower 
visual analog pain scores in group A (Figure 4). The 
smaller difference between active and placebo patch 
group pain scores in previous studies may have resulted 
from the use of opioid supplemental analgesia. 
Furthermore, the opioid supplement was given using 
patient-controlled analgesia allowing the patient to 
titrate to his or her owaa pain relief and, therefore, mak- 
ing pain scores less distinguishable, ls~1 In the present 
study, this difference is more predictable by the use of 
fixed-dosage im  ketorolac as the adjunct analgesia. The 
study was designed to achieve equivalent analgesia in all 
patients following surgery. Intraoperative sufentanil and 
postoperative im morphine were titrated liberally since 
adequate serum fentanyl concentrations were not antic- 
ipated to be reached for several hours after surgery. 

In a previous study after knee surgery, 8 of 28 
(28.6%) patients had complete relief with transdermal 
fentanyl (75 /ag.hr -l) alone is whereas, in the present 
study, 10 of  42 (23.8%) patients in the active patch 
group completing the study did not request analgesic 
supplementation. This suggests that the transdermal 
fentanyl system in this dose delivery is not adequate 
"stand alone" analgesia for the majority of  patients in 
the postoperative period. 

More patients receiving ketorolac alone (placebo 
patch) were discontinued from the study due to poor 
postoperative analgesia than in the active patch group 
(21.7% vs 4.3%). The overall drop-out rate, however, 
was not different (15.2% vs 26.1%) because of other 
reasons for drop-out among the active patch group 
(Table II). 

A large number of patients reported nausea and 
vomiting in both groups, but there was no difference 

between groups. This is consistent with most previous 
studies 14,16,17,19 although a lower incidence of  nausea 
and vomiting might have been expected in the control, 
ketorolac only, group. Pruritus was more prevalent with 
the active fentanyl patch group,, a well-documented side 
effect of  opioids and consistent with some 
reports. 14,16,19 

Mean serum concentrations are difficult to com- 
pare with previous studies using different patch sizes 
and delivery rates. Holley and van Steenis showed 
mean plateau serum fentanyl concentrations at 24 hr 
of  2.0 + 0.7 ng.m1-1 for the TTS Fentanyl 100 and 
1.5 + 0.5 ng.m1-1 for TTS Fentanyl 7514 compared 
with mean concentrations of 0.957 + 0.12 ng.m1-1 and 
1.127 + 0.18 ng.m1-1 for the 30 cm 2 and 40 cm 2 fen- 
tanyl patches at 12 and 24 hr respectively in the pre- 
sent study. 

Although iv injection ofketorolac is more acceptable 
than im injection to patients, this route was not 
approved by the FDA until after the study had begun. 
Although ketorolac has a reasonable safety profile, its 
effectiveness is limited due to an analgesic ceiling. 22-24,2s 
The concurrent use of the two medications in lower 
doses may have the following advantages: lower risk of 
overdose from opioids, analgesic potency of opioids 
preserved with an opioid-sparing effect. 26 

Therapeutic steady-state plasma concentrations are 
achieved with TTS-Fentanyl within four to eight 
hours of application of  the fentanyl system. 12-1s 
Therapeutic serum concentrations are observed up to 
12 hr after removal of the transdermal system. 14,16,17 
The steady rate of opioid release from the transdermal 
fentanyl system has advantages and disadvantages. A 
constant drug level within a therapeutic range may 
eliminate high peak serum concentrations associated 
with side effects and troughs associated with inade- 
quate analgesia. Fentanyl has a predictable onset of  
action and elimination half-time which makes it 
appropriate for continuous absorption. 27 

Plasma concentrations of 1-2 ng.m1-1 usually pro- 
vide a therapeutic serum level for adequate analgesia. 21 
It may take from six to eight hours to achieve thera- 
peutic serum fentanyl concentrations and up to 24 hr to 
reach peak levels with the transdermal fentanyl sys- 
tem. 14,28 Once a steady state is reached, transdermal 
fentanyl provides a constant drug level and should 
decrease the need for injections and reduce the need for 
expensive infusion devices. Conversely, the pre-set 
delivery rate of the patch may achieve drug levels in the 
therapeutic range for certain individuals while trader- 
dosing or overdosing others. Furthermore, during the 
postoperative period, analgesia needs are variable and 
rapid adjustments using such a system are difficult. The 
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transdermal delivery of  fentanyl, therefore, served as a 
"background" infusion of  opioid analgesia in this study. 
Analgesia for pain "peaks" was provided by multimodal 
therapy with the addition ofketorolac. 

In summary, the new transdermal fentanyl delivery 
system (FTDS) has high efficacy when used in low 
dose with ketorolac tromethamine for the control of  
postoperative pain. The addition o f  a potent ,  
injectable nonsteroidal anti-inflammatory may allow a 
lower dose patch to be administered and a reduction 
o f  opioid side effects. I f  transdermal fentanyl is to be 
used extensively after surgery, it will likely be in the 
form of  "background" analgesia with supplementa- 
tion from another form of  analgesia. Since the safety 
of  this system has yet to be established, we recom- 
mend that transdermal fentanyl is employed for acute 
pain only in a monitored medical environment. 
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