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Background and objectives: Oxycodone is poorly studied as an adjuvant to central blockades.
The aim of this pilot study was to assess the efficacy and safety of oxycodone hydrochloride in
epidural blockade among patients undergoing total hip arthroplasty (THA).

Patients and methods: In 11 patients (American Society of Anesthesiologists physical sta-
tus classification system II/I1I, age range: 59—82 years), THA was conducted with an epidural
blockade using 15 mL 0.25% bupivacaine (37.5 mg) with 5 mg oxycodone hydrochloride and
sedation with propofol infusion at a dose of 3—5 mg/kg/h. After the surgery, patients received
ketoprofen at a dose of 100 mg twice daily. In the first 24 hours postoperative period, pain was
assessed by numerical rating scale at rest and on movement; adverse effects (AEs) were recorded;
and plasma concentrations of oxycodone, noroxycodone, and bupivacaine were measured.
Results: The administration of epidural oxycodone at a dose of 5 mg in patients undergoing
THA provided analgesia for a mean time of 10.3+4.89 h. In one patient, mild pruritus was
observed. Oxycodone did not evoke other AEs. Plasma concentrations of oxycodone while
preserving analgesia were >2.9 ng/mL. Noroxycodone concentrations in plasma did not guar-
antee analgesic effect.

Conclusion: The administration of epidural oxycodone at a dose of 5 mg prolongs the analgesia
period to ~10 hours in patients after THA. Oxycodone may evoke pruritus. A 5 mg dose of oxy-
codone hydrochloride used in an epidural blockade seems to be a safe drug in patients after THA.
Keywords: analgesia, oxycodone, pain, total hip arthroplasty

Introduction
In recent times, the number of patients who require joint arthroplasty due to advanced
coxarthrosis has significantly increased. The majority are patients who undergo total hip
arthroplasty (THA). Approximately 47,000 THA surgical procedures are done annually
in Poland across both sexes with similar frequencies, and most frequently between 60
and 290 years of age.! Apart from advanced coxarthrosis, these patients often have
other underlying comorbid conditions, the most frequent being hypertension, diabetes,
and heart failure at different stages. THA is one of the most burdensome orthopedic
procedures in terms of extent and number of complications. Presence of the best condi-
tions for surgery provides a basis for a quick return of patients to health — one of the
important elements is effective intra- and postoperative analgesia.

The safest anesthesia methods have been sought for this type of surgery for many
years. Spinal and epidural anesthesia are among the most frequently utilized, and these
may be used either alone or in a “composite” manner — spinal blockade with epidural
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catheter insertion for a continuous postoperative analgesia.
Because of the time taken for surgery (~1.5-2 hours) and
inconvenient patient position, a central blockade is often
combined with concurrent sedation or general anesthesia with
benzodiazepines, propofol, or anesthetic gases. In order to
prolong the analgesic effect of a central blockade, different
adjuvants are used, among other opioids. Although these
provide a beneficial effect in terms of prolonging analgesia,
they are associated with several, occasionally severe, adverse
effects (AEs).?

The first study on spinal route of opioid administration
was presented in Paris in 1901 by a Romanian surgeon,
Racoviceanu-Pitesti, who used morphine concurrently with
cocaine.* Morphine was used for the next several decades
without recognition of its mechanism of action until 1973,
when opioid receptors were identified in the spinal cord.
Wang et al in 1979 administered morphine through the
spinal route for palliative cancer treatment.’ The same year,
Behar et al published the first study on the epidural route
of morphine administration for pain treatment.® Apart from
prolonging the postoperative analgesia period, it was noticed
that using different opioids in central blockades decreases
their dose and limits the number of AEs associated with
systemic administration.’

There have been several studies on using opioids for
central blockades, in particular morphine, fentanyl, and
sufentanyl.>** For many years, morphine has been the most
frequently used opioid; it provides effective analgesia but
is associated with the possibility of inducing AEs such as
nausea, vomiting, pruritus, and respiratory depression, which
limits its use.” Oxycodone is another promising opioid with
regard to its adequate long-lasting analgesia and infrequent
AEs. In Poland, oxycodone has primarily been administered
via the oral route, until recently when ampoules for parenteral
injections were made available. It is also occasionally used in
central blockades with few studies regarding its effectiveness.
Therefore, the aim of this study was to assess the analgesic
efficacy and safety of oxycodone hydrochloride in epidural
blockade among patients undergoing THA.

Patients and methods
The study protocol was approved by the Bioethical Commit-
tee at the Poznan University of Medical Sciences, Poland.
The study was conducted in the Jozef Stru§ Multiprofile
Municipal Hospital in Poznan. All patients provided written,
informed consent for their participation in the study.

The study included a total of 11 patients (mean age:
66+9 years; body mass: 72+8 kg) who underwent a total

non-cemented hip arthroplasty by lateral access. The
perioperative risk according to ASA (American Society
of Anesthesiologists physical status classification system)
was Il in 7 patients and III in 4 patients (Table 1). In all the
patients, the surgery was conducted owing to coxarthrosis.
The following biochemical tests were conducted before
the surgery: full blood count and plasma concentrations of
sodium, potassium, creatinine (for cGFR calculation), urea,
alanine aminotransferase, asparginate aminotransferase, total
protein, and albumin (Table 2). Each patient received 7.5 mg
oral midazolam as premedication.

Upon arrival at the operating theater and the start of vital-
sign monitoring (blood pressure, ECG, and pulse oximetry),
the patient was fixed in a sitting position or on the side. After
infiltration with 2 mL 2% lignocaine at the level of L3/L4
of the spine, the epidural space was identified with a Touhy
18 GA needle with the method of decreasing resistance by
using 0.9% NaCl. Subsequently, a solution of 15 mL 0.25%
bupivacaine (37.5 mg) and 5 mg of oxycodone hydrochloride
(OxyNorm® solution for injections; Mundipharma, Germany)
were administered. When a satisfactory level of anesthesia
was achieved after 30 minutes, the surgery was started with
concurrent sedation using constant propofol infusion at a
dose of 2-4 mg per kg of body weight per hour. The time
of surgery and time after which patients were transferred to
a post-anesthesia care unit (PACU) were measured. At the
time of arrival into PACU, each patient received ketoprofen
100 mg intravenously (IV) and subsequently the same dose

Table | Patients’ basic demographic and clinical characteristics

Age Male/ Body Height ASA Surgery
(years) female weight (kg) (cm) I/l duration (min)
669 3/8 7248 1687  7/4 10015

Abbreviation: ASA, American Society of Anesthesiologists physical status
classification system.

Table 2 Mean values of the laboratory parameters

WBC (thousand/pL) 8.58+1.16
Hb (mmol/L) 8.16+0.93
Hct (%) 39.7+4.6
PLT (thousand/uL) 250.17+83
Albumin (g/L) 27.1%2.7
Protein (g/L) 53.5%6.1
Na (mmol/L) 140.6+4.2
K (mmol/L) 4.38+0.47
Creatinine (umol/L) 64.7+£26.4
Urea (mmol/L) 6.7+2.87
ALT (U/L) 147
AST (U/L) 1311

Abbreviations: Hb, hemoglobin; HCT, hematocrit; PLT, platelet; WBC, white
blood cell.
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of the drug after 12 hours. Pain intensity was assessed from
0 to 10 using the numerical rating scale (NRS; 0: no pain and
10: the most severe pain), starting 3 hours after anesthesia and
repeated every hour until 24 postoperative hours. According
to a study protocol, patients could have received a rescue dose
(5 mg) of morphine administered subcutaneously (SC) in
the case of reporting pain (NRS >3). The time of morphine
rescue dose administration and pain intensity were registered.
At the PACU, ECG, blood pressure, heart rate, and oxygen
hemoglobin saturation were monitored.

Occurrence of AEs such as nausea, vomiting, pruritus,
cognitive impairment, respiratory depression (decrease in the
number of breaths to <8 per minute with concurrent decrease
of saturation <90%), and possible neurologic disturbances
such as sensation changes (lancinating and dull pain, tingling,
and hyperesthesia) and their time interval were recorded.
Patients were continuously observed for 24 hours following
epidural bolus administration. Serum samples were obtained
four times for quantification of total oxycodone and its
metabolite noroxycodone after 30, 90, 150, and 210 minutes
following the blockade and for the fifth time at the moment
of morphine rescue dose administration.

Results
Patients’ basic demographic and clinical data are summarized
in Table 1. Mean values of the laboratory parameters of ana-

lyzed patients are presented in Table 2. In all the patients,
the laboratory parameters were within the normal range. No

30
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Concentration (ng/mL)

Oxycodane

factors influencing metabolism and excretion of the drugs
used were found.

The mean duration of postoperative analgesia equaled
10.3+4.89 hours (minimum 5 hours, maximum over
24 hours). One patient did not need administration of a mor-
phine rescue dose and his pain scores were <4 according to
NRS in the 24 hours post-surgery. In another patient, mild
pruritus was observed 3 hours after anesthesia administra-
tion, which resolved with 0.2 mg naloxone I'V. In 2 patients,
bradycardia (heart rate <45 per minute) was observed 4 and
5 hours after anesthesia, respectively. No cognitive impair-
ment, respiratory depression, nausea and vomiting, or other
neurologic disturbances were seen in any of the patients.

Mean plasma concentrations of oxycodone and noroxy-
codone in patients after 30, 90, 150, 210 minutes following
the blockade and at the moment of morphine rescue dose are
shown in Table 3 and Figure 1. Plasma levels of oxycodone
in patients during an effective analgesia period gradually

Table 3 Mean plasma oxycodone and noroxycodone

concentrations in patients at 4 time points and at the moment of
morphine rescue dose administration (mean: 618+293 minutes)

Time of assay Total oxycodone Noroxycodone
(minutes) (ng/mL) (ng/mL)
30 28.93+15.71 3.11+2.30
90 22.64+16.70 7.11+7.68
150 11.43£10.84 2.21+0.76
210 4.03+8.23 4.12%1.71
618 2.93+2.90 1.89+0.19
6 8 10 12
Time (h)
Noroxycodone

Figure | Mean plasma concentrations of oxycodone and noroxycodone after 30, 90, 150, and 210 minutes following the blockade and at the moment of morphine rescue

dose administration (after mean: 618+293 minutes since blockade).
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Figure 2 Mean plasma concentrations of bupivacaine after 30, 90, 150, and 210 minutes following the blockade and at the moment of morphine rescue dose administration

(mean: 618293 minutes since blockade).

4.0

3.5

3.0

2.5

2.0

NRS

1.5

1.0

0.5

0.0

3 45 6 7 8 9 101

12 13 14 15 16 17 18 19 20 21 22 23 24

Time (h)

Figure 3 Mean numerical rating scale (NRS) score from 3 to 24 hours after administering epidural oxycodone (n=11).

decreased to 2.9 ng/mL, at which patients requested a mor-
phine rescue dose (NRS <3). Plasma noroxycodone concen-
trations oscillated in the range of 1.9-7.1 ng/mL.

Mean plasma bupivacaine concentration in patients after
30, 90, 150, and 210 minutes following the blockade and
at the moment of morphine rescue dose administration are
shown in Figure 2. Mean NRS scores observed during the
study period are shown in Figure 3.

Discussion

In this pilot study, administration of oxycodone in epi-
dural blockade among patients suffering from coxarthrosis
(Table 1) at a dose of 5 mg with bupivacaine (15 mL, 0.25%),

combined with IV ketoprofen at a dose of 100 mg every
12 hours administered postoperatively, prolonged the anal-
gesia period until an approximate mean of 10.3+4.89 hours
(range: 5 to >24 hours). However, only one patient did not
need the rescue dose of morphine administration and his pain
scores were <4 according to NRS during 24 hours.

In this study, a dose of 5 mg oxycodone was a fixed dose
used in all patients. Taking into account their body mass,
the dose was within a range of 0.06-0.08 mg/kg body mass,
which is an indirect dose between those used by Backlund et
al (0.15 mg/kg in bolus and subsequent continuous infusion of
0.03 mg/kg/h)® and that of Yanagidate et al (2 vs 4 mg in bolus
and subsequent continuous infusion of 6 vs 12 mg/24 h).°
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It should be emphasized that no information regarding the
length of analgesic effect of a single dose of oxycodone was
provided in any of the cited studies.

To the best of our knowledge, no studies on epidural
oxycodone administration in patients undergoing THA
have so far been conducted. In a few published studies
regarding oxycodone administration through the spinal and
epidural routes, different analgesic effects were observed.
Poyhia and Kalso showed that oxycodone spinal admin-
istration in a rat model rendered analgesia 14 times less
effective than morphine.!® Backlund et al proved that in
patients after abdominal surgery, the oxycodone epidural
effective dose was 10 times greater than that of morphine:
oxycodone was used at a dose of 0.15 mg/kg in bolus, and
subsequently as a continuous infusion of 0.03 mg/kg/h.?
Yanagidate et al indicated that a twice-higher oxycodone
dose administered epidurally provided comparable anal-
gesia as with morphine in patients after gynecological
surgery.’ Authors used a bolus of 2 mg of morphine and 4
mg of oxycodone administered epidurally and subsequently
maintained a continuous infusion of 6 and 12 mg daily for
3 days, respectively.

In our study, plasma concentrations of oxycodone
exceeded 10 ng/mL during the first 4 hours after epidural
administration and could have influenced analgesia by the
systemic effect. The analgesic effect of a bolus of oxycodone
after IV administration is maintained for ~4 hours.!! Kokki et
al compared concentrations of oxycodone and its metabolites
in the serum and in cerebrospinal fluid after administration
of oxycodone by both IV and epidural routes at a dose of
0.1 mg/kg of body weight. After epidural administration,
oxycodone c¢__in the central nervous system was 350 times
higher than that in the serum, while after IV administration,
the ratio was 0.53. Hence, neuraxial administration very
likely renders effective analgesia with a lower dose of the
drug than does IV administration.'?

Opioid analgesia after systemic administration depends
on the plasma opioid concentration. Kokki et al showed
that in patients undergoing laparoscopic cholecystectomy,
the minimum effective concentration (MEC) and minimum
effective analgesic concentration (MEAC) of oxycodone
administered by the I'V route were 20-35 and 45-50 ng/mL,
respectively.” In a study conducted in patients after cardiac
surgery, the MEC and MEAC were 612 and 15-25 ng/ml,
respectively.'* These studies proved that oxycodone MEC
and MEAC may significantly differ depending on the type of
surgery. Among oxycodone metabolites, only oxymorphone
displays a significant affinity to p opioid receptors (14 times

higher than that of oxycodone administered by a parenteral
route), although its plasma concentrations are too low to exert
clinical effects. Noroxycodone does not display significant
analgesic effects.'s

In our study, one patient experienced mild pruritus ~3
hours after anesthesia, which completely resolved after the
administration of 0.2 mg IV naloxone. A significantly lower
percentage of patients treated with epidural oxycodone expe-
rienced pruritus and nausea than those treated with epidural
morphine.’ In a recent study conducted among patients after
caesarean section, postoperative analgesia was provided by
oxycodone or morphine administered by the epidural route
at a dose of 3 mg. Although oxycodone provided poorer
analgesia, the percentage of patients with pruritus was lower
than those who received morphine.'¢

In our study, 2 patients experienced bradycardia 4 and
5 hours after anesthesia, which resolved completely after
administration of 0.5 mg atropine and did not reappear.
Bradycardia is observed in patients after epidural blockade
without opioid administration even within a few hours of
starting anesthesia; therefore, it cannot be unequivocally
matched with oxycodone administration.'” Oxycodone at a
dose of 5 mg administered in the epidural space did not evoke
other AEs in the patients studied.

The time of analgesic action of epidural bupivacaine
blockade lasts ~4 hours and sometimes a little longer. The
dose used in our study is often administered and depicted
in many studies.'® The obtained concentrations of the drug
are safe.!” Plasma bupivacaine concentrations are shown on
Figure 2. Wolff et al*® administered 100 mg bupivacaine (20
mL 0.5% bupivacaine) to the epidural space in THA. The
dose rendered analgesia for a maximum period of 5 hours.
The minimal time of analgesia (5 hours) in this study was
associated with patients’ different thresholds of pain sensation
and the necessity for individual drug dose titration.

Studies regarding the use of the safest drugs in central
blockades, both local anesthetics and so-called adjuvants
that would guarantee a long period of analgesia, have been
ongoing for a long time. Among the most frequently used
are opioids, especially morphine,*” which may induce
pruritus. The search for an opioid with the least number of
AEs is still ongoing. In Poland, oxycodone has been tradi-
tionally administered by an oral route, and only recently SC
and IV forms of administration have become available.?!">*
However, alternatives to oral routes of administration of
oxycodone are not very well understood. From studies
conducted until now, it is evident that oxycodone analgesia
depends on the route of administration. After [V adminis-
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tration, oxycodone displays ~1.3 times stronger analgesic
effects than that of morphine during the first 24 hours after
surgery.!! The consumption of oxycodone administered as
patient-controlled analgesia (PCA) in patients after mas-
tectomy was similar to morphine.?! In cancer patients, a
ratio of the mean doses of morphine to oxycodone after
SC administration equaled 1 to 2+0.4, similar to after IV
administration.”? Rectal administration of oxycodone in
cancer patients rendered analgesia for ~8—12 hours, and
the ratio of oxycodone to morphine was similar as for IV
administration.?

In this study, morphine, which is a well-known and
commonly used opioid often administered in our hospital
in patients after THA, was chosen as the rescue opioid
analgesic. Ten patients required a dose of 5 mg of morphine
administered SC that was effective in all cases.

To the best of our knowledge, this is the first clinical study
of epidural oxycodone in patients undergoing THA, and this
route of oxycodone administration is experimental. However,
the period of analgesia and a safe dosing of oxycodone by
an epidural route have not been established so far. In this
pilot study, the plasma oxycodone concentration has been
determined, which provides more insights into the drug’s
mode of action at the spinal level and its systemic effects.
Limitations of the study include a small study sample and
the study design (lack of randomization and a control group).
No catheter for a continuous blockade was inserted due to
the goal of possibly achieving long oxycodone analgesia, in
accordance with the aims of the study.

Conclusion

The administration of oxycodone hydrochloride at a dose
of 5 mg in epidural blockade prolongs analgesia for a mean
period of up to ~10 hours. Oxycodone may induce mild pru-
ritus, but it does not evoke serious AEs such as respiratory
depression, cognitive impairment, nausea and vomiting, or
other neurologic disturbances. Oxycodone plasma concentra-
tions may have an influence on systemic analgesia. Epidural
oxycodone seems to be a safe method of pain relief for
patients following THA. However, epidural administration
should be considered experimental (off-label). Future larger
controlled clinical studies to confirm our preliminary results
regarding analgesic efficacy and safety of epidural route of
oxycodone administration in patients with postoperative pain
may be conducted.
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