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Abstract: Objective: This study sought to determine the efficacy and safety of intravenous oxycodone titration in the 
recovery room after anesthesia for spinal surgery in comparison to morphine. Methods: 138 patients with elective 
spinal anesthesia underwent elective general anesthesia, either ASAI or II and were divided into two groups: the 
oxycodone group (group Q, n=69) and the morphine group (group M, n=69). All the patients received a pain assess-
ment after they were revived using the visual analogue scale (VAS). Their mean arterial pressure, heart rates, respi-
ratory rates, and pulse oximetry were recorded along with the total doses, number of times, and frequency of the 
intervention from the first titration to the last. In addition, the VAS scores, sedation RSS scores, and the occurrence 
of adverse reactions such as nausea, vomiting, itching, lethargy, urinary retention, and severe respiratory depres-
sion within 4 hours after the patient started titration were observed and recorded. Results: The doses and frequen-
cies of titration in group Q were significantly lower than those in group M (P<0.01). The incidence of nausea in the 
group Q was significantly reduced compared to the incidence in group M (P<0.05), but there was no difference in 
vomiting between the two groups (P>0.05). No serious adverse reactions occurred during the titration. Conclusion: 
Intravenous oxycodone titration analgesia presents a markedly rapid effect of pain relief in patients undergoing 
spinal surgery, compared to morphine, with a reduced dosage and incidence of nausea.
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Introduction

The fifth vital sign, pain has always been the 
focus of anesthesiologists. In particular, pain 
relief post operation has been an important 
task. Although the clinical application of non-
opioid analgesics is gradually increasing, opi-
oids are still the main drug for relieving pain in 
the early postoperative period [1]. Among the 
numerous postoperative analgesia regimens, 
morphine titration analgesia has been widely 
used as the gold standard for postoperative 
analgesia in all types of surgery. In the post-
anesthesia Care Unit (PACU), the intravenous 
infusion of small dose of morphine can rapidly 
lead to pain relief through an accumulating 
effect [2]. However, due to the limitations of the 
pharmacological properties of morphine, there 
are several shortcomings: first, the onset time 
of morphine is usually slower than that of fat-

soluble opioids such as fentanyl and sufen- 
tanil. 

Second, it takes a long time to completely 
relieve pain. Although the two intervals before 
and after the titration are very short (5 min), the 
time of complete pain relief is 15 min (range: 
5-60 min) [3]. Third, in the process of pain 
relief, the relationship between the overall VAS 
score and time do not seem to be linear but 
rather nonlinear actually [4]. Therefore, during 
the titration, the VAS score usually does not 
change significantly until the cumulative dose 
of morphine titration reaches the effect of pain 
relief. Finally, this technology requires a lot of 
time for PACU nurses [4].

Oxycodone is an opioid analgesic. It is charac-
terized as a pure opioid μ, a κ receptor agonist. 
The κ receptor is distributed in the brain, brain 
stem, and spinal cord. The agonistic κ receptor 
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can produce analgesia and a sedative effect, 
and the incidence of respiratory depression is 
frequently lower than it is with the simple μ 
receptor. Its structure and pharmacological 
action are similar to morphine, and the equiva-
lent dose of morphine is easy to convert. 
However, oxycodone is more prone to pass the 
blood-brain barrier compared to morphine [5, 
6], so it is ubiquitously recognized as having  
a faster onset and a lasting effect. In addition, 
it is especially suitable for the titration of anal-
gesics in patients with acute pain who require 
rapid relief [7]. In recent years, it has been 
shown that oxycodone may have an advantage 
over morphine in postoperative analgesic ef- 
fects with few side effects [8].

In PACU, morphine titration is generally used for 
postoperative analgesia [9]. The application of 
oxycodone titration in PACU for postoperative 
analgesia has not been reported. This study 
was thus undertaken to determine the efficacy 
and safety of intravenous oxycodone titration 
on analgesia after spinal surgery, using the 
evaluation of VAS scores, sedation RSS scores, 
and the adverse reactions, seeking to open 
new avenues for future anesthesia regimens in 
addition to morphine.

Materials and methods

Research cohort

The study was approved by the hospital ethics 
committee and all the patients enrolled were 
required to sign an informed consent form.  
138 patients who received spinal surgery we- 
re enrolled at the First Affiliated Hospital of 
Wenzhou Medical University. 

Inclusion and exclusion criteria

The inclusion criteria included adult patients, 
aged 18 to 75, with American Society of Anes- 
thesiologists scores I toII, body weight 45-80 
kg, body mass index (BMI) <30 kg/m2, and 
scheduled for spinal surgery. All the patients 
had to have normal coagulation, liver and kid-
ney function, and were contacted one day prior 
to their surgery to make sure they understand 
the rules of analgesia and the criteria for un- 
derstanding the VAS scores. The exclusion cri-
teria were: history of previous lumbar spinal 
surgery (whatever the level), an expected dura-
tion of the surgery >3 hours, emergency sur-

gery, pregnancy, breastfeeding, coagulopathy, 
bronchial asthma, chronic obstructive pulmo-
nary disease, pulmonary heart disease, intra-
cranial hypertension, or craniocerebral trauma, 
World Health Organization level III opioid cur-
rent medication, drug addiction, the intake of 
either glucocorticoid or gabapentinoid treat-
ment within the 48 hours before surgery, aller-
gy or other contraindication to the molecules 
used in the protocol, any cognitive impairment 
that might interfere with informed consent, or 
the collection of endpoints, intraoperative ma- 
jor bleeding or changes in surgical procedures, 
based on a previous study [10].

Grouping

138 patients undergoing spinal surgery were 
equally and randomly assigned into the mor-
phine group (the M group) or the oxycodone 
group (the Q group), the doses of morphine and 
oxycodone were 3 mg per dose, with an interval 
of 5 min.

Anesthesia method

Prior to the surgery, the analgesia program was 
interpreted and the use of the visual analogue 
scale (VAS) (0-100 mm, hand-held slider type) 
[11] were explained to the patients. The pati- 
ents did not take any premedication. An IV was 
started in each patient, and their blood pres-
sure, heart rate (HR), pulse oximetry (SPO2), 
end-tidal carbon dioxide partial pressure, and 
electrocardiogram (ECG) were monitored. The 
anesthesia induction was performed using  
propofol 1.5-2 mg/kg, sufentanil 0.3 μg/kg, 
and rocuronium 0.9 mg/kg. The patients were 
administered muscle relaxation after the oral 
intubation, to ensure the tracheal intubation. 
PETCO2 35-45 mmHg, the intraoperative intra-
venous infusion of propofol 2-4 mg/kg/h, remi-
fentanil 8-12 μg/kg/h, inhaled sevoflurane 
(content maintained at 0.4~0.6 MAC) were per-
formed to maintain mechanical ventilation and 
anesthesia. An appropriate amount of sufent-
anil and rocuronium was added to sustain mod-
erate analgesia and muscle relaxation one hour 
before the end of the surgery. 50 mg of intrave-
nous kay was administered half an hour before 
the end of the operation as well. After the extu-
bation indication was shown, the tube was 
pulled into the PACU.
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Titration of drugs and personnel preparation

An anesthesiologist who did not participate in 
the test had marked on the syringe according to 
a previously-determined, randomly assigned 
number, and the test drug was diluted to 10 ml 
(1 mg/ml) with 0.9% saline. The diluted drug 
was given to another patient. The anesthesia 
nurse responsible for the titration (the anesthe-
sia nurse was blinded to the actual name and 
grouping of the titrated drug), the VAS scores 
and records were completed by the nurse 
responsible for the titration; the follow-up was 
performed by a senior anesthesiologist, and 
the anesthesiologist and patients who received 
the titration analgesia were blinded to the 
experimental design, including the test drugs 
and grouping.

Titration method

The patient was sent to the PACU after extuba-
tion, and the pain assessment was performed 
after the patient woke up. The VAS (0-100 mm) 
pain score was evaluated. When the VAS was 
greater than 30 mm, intravenous oxycodone 3 
ml (1 mg/ml) or morphine 3 ml (1 mg/ml) were 
administered. After a 5 min interval, the VAS 
score was determined again, and if it was still 
greater than 30 mm, 3 ml of the test drug was 
further provided until the VAS score was lower 
than or equal to 30 mm. If serious adverse 
reactions occurred, the titration was terminat-
ed. The mean arterial pressure (MAP), heart 
rates (HR), respiratory rates (RR), and pulse 
oximetry (SpO2) of the patients were monitored 
during the titration.

Titration termination standard and treatment 
plan

(1) The patient’s VAS score was less than or 
equal to 30 mm; (2) The patient had excessive 
sedation during the titration (the Ramsay score 
was greater than 4 points), SpO2 was less than 
92% (in the case of nasal catheter oxygen inha-
lation, 3 L/min). If the respiratory rate was less 
than 10 secondary/minute, or if severe nausea 
and vomiting, dizziness, headache, itching and 
other adverse reactions appeared, the adminis-
tration was immediately stopped. If the patient 
experienced severe respiratory depression, in- 
travenous naloxone was administered immedi-
ately until the respiratory rate was greater than 
12 beats/min and the SpO2 level was greater 

than 95% [12]; (3) The patient was adminis-
tered the drug 7 times (morphine 21 mg or oxy-
codone 21 mg), and if the patient’s VAS score 
was still greater than 30 mm, then other drugs 
were used to relieve pain [13].

Out of the PACU standard

Before leaving the PACU, the patient was sco- 
red by an anesthesiologist according to the 
Aldrete criteria [14] and at least 10 points were 
required, without vomiting, severe pain, or sur-
gical bleeding, and then the patient was able  
to return to the ward with the approval of the 
PACU supervisor.

Observation indicators and data collection

Each patient’s clinical data were recorded, in- 
cluding age, gender, body mass index, ASA gra- 
de, and duration of surgery.

Each patient’s hemodynamics, including mean 
arterial pressure (MAP), heart rate (HR), respi-
ratory rate (RR), and pulse at five time points 
immediately before the first titration (T0) and 
after 30 min, 1 h, 2 h, 3 h, and 4 h were record-
ed. The oxygen saturation (SpO2) index, which 
consisted of the total dose, number, and the 
length of time from the first titration to the end, 
as well as the VAS scores immediately before 
the start of titration (T0) and the following five 
time points (represented by T1, T2, T3, T4, T5, 
respectively), along with the sedation RSS 
score within 4 hours after the patient started 
titration (2-4 was classified as sedation-satis-
factory and greater than 4 was classified as 
sedation-over) were observed.

The Ramsay sedation score (RSS) criteria [15] 
are: 1 point, not quiet, irritability; 2 points, quiet 
cooperation; 3 points, lethargy, can listen to 
instructions; 4 points, sleep state, but can 
wake up; 5 points, the call was slow; 6 points, 
deep sleep, calling was unable to wake up the 
patient.

The visual analogue scale (VAS) criteria [16] 
are: 0 indicates no pain, 100 mm indicates 
unbearable severe pain, 10-30 mm indicates 
mild pain, >30-60 mm indicates moderate 
pain, >60-100 mm indicates severe pain.

The occurrences of adverse reactions such as 
nausea, vomiting, itching, lethargy, urinary rete- 
ntion, and severe respiratory depression within 
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4 hours after the patient started titration were 
recorded.

Statistical analysis

The data analysis was performed using SPSS 
15.0 software. The data in this study were pre-
sented as the mean ± standard deviation. T 
tests were used for the intergroup compari-
sons, and chi-square tests were used for the 
enumeration data. The continuous data from 
multiple groups were analyzed using one-way 
ANOVA, using Tukey’s post hoc test. P-values 
<0.05 were considered statistically significant.

Results

General information

There were no significant differences in terms 
of gender, age, BMI, ASA grade, or length of sur-

group Q were significantly reduced (P<0.01) 
(Table 2).

The relationship between titration analgesia 
and the VAS score

Before the titration, the VAS score of group M 
was 66±15 mm, and the VAS score of group Q 
was 65±16 mm. There was no significant differ-
ence between the two groups (P>0.05). After 
the drug administration, the VAS scores at the 
following time points of titration analgesia of 
group Q was significantly lower than it was in 
group M at the same time point (P<0.05) 
(Figure 1).

Changes in MAP, HR, SpO2, and RR

There were no significant differences in the 
MAP, HR, SpO2 and RR levels in the two groups 
at each time point (P>0.05) (Table 3). Com- 
pared with the baseline values, the respiratory 
rate (RR) of the patients in group M decreased 
significantly at 30 min, 1 h, and 2 h (P<0.05) 
(Table 3). The respiratory rate of the patients in 
group Q decreased significantly at 30 min, 1 h, 
and 2 h (P<0.05) (Table 3).

Adverse reactions

Compared with group M, the incidence of nau-
sea in group Q was significantly reduced 
(P<0.05). There was no significant difference in 
the incidence of vomiting between the two 
groups (P>0.05) (Table 4).

During the PACU observation period after the 
end of the intravenous titration, SpO2 decre- 
ased to 94% or less in 5 minutes after the  
end of the titration in group M. The patient 
responded such that the SpO2 recovered to 
97% after 3 minutes of oxygen inhalation.

In group M, 16 patients had RSS scores of 3-4 
after the titration, and 10 patients in the Q 
group had RSS scores of 3-4, and the differ-
ence was not statistically significant (P>0.05) 
(Table 4). There were no patients with exces-

Table 1. Comparison of the general patient data (n=69)

Group Age Gender 
(M/F)

BMI  
(kg/m2)

ASA 
(I/II)

Time of surgery 
(min)

M 59±14 42/27 23.1±4.8 24/45 131±45
Q 58±12 39/30 23.5±4.3 29/40 134±39
P value 0.65 0.60 0.61 0.38 0.68

Table 2. Comparison of the doses, frequen-
cies, and titration times in the two groups 
(n=69) (mean ± standard deviation)
Group Dose (mg) Times (range) Time (min)
M 12.1±2.7 2.7±0.6 21.5±2.6
Q 10.8±2.5 2.5±0.7 20.6±2.4
P value 0.0039* 0.074 0.036*
Compared with group M, *P<0.05.

Figure 1. The relationship between the analgesic 
time points of titration and the VAS scores. Com-
pared with the M group, *P<0.05.

gery between group M and group Q 
(P>0.05) (Table 1).

Dosing, frequency, and time of the two 
groups

Compared with group M, the dose and 
time required for the pain relief in the 
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sive sedation (an RSS score greater than 4 
points). Also, there were no significant differ-
ences in itching, urine retention, or allergic re- 
actions in the two groups (P>0.05) (Table 4).

Discussion

Our results showed that intravenous oxyco- 
done titration significantly shortens a patient’s 
pain time and markedly reduces the dose 
required for titration in pain relief compared 
with intravenous morphine titration in PACU. 
The incidence of nausea reactions caused by 
oxycodone was evidently decreased compared 
to that of morphine.

Traditional spinal surgery often comprises sub-
cutaneous tissue and an extensive dissection 
of bones and ligaments, resulting in consider-
able postoperative pain. Severe pain usually 
lasts for 3 days, or even weeks [17], so it is nec-
essary to provide complete analgesia in the 
early stages of surgery to avoid the possible 
switch to chronic pain. Spinal surgery mostly 
causes physical pain and even severe pain 
equivalent to a VAS score of 7 or more. For ethi-
cal reasons, we gave intravenous injections of 

50 mg of flurbiprofen axetil 30 minutes before 
the end of the operation to prevent the patient 
from waking up due to severe pain, which may 
influence the prognosis of the patient.

Oxycodone has been used in clinic since 1997 
and is often used to treat acute pain in Northern 
Europe. Currently, intravenous oxycodone has 
been considered a very effective way to treat 
severe pain in the early stages of orthopedics. 
Its analgesic effects have been reported in a 
multitude of studies, such as in the operations 
of shoulder angioplasty [18], spinal surgery [19, 
20], hip joints [21], and knee joints [22] after 
analgesia. Xu Xing et al. [23] showed that the 
use of oxycodone hydrochloride in patients with 
orthopedic surgery after PCIA had an analgesic 
effect that was similar to morphine. Moreover, 
it can safely and effectively relieve pain, and 
reduce the incidence of nausea and vomiting 
during analgesia compared to morphine. Con- 
sistently, we found that in the analgesia after 
spinal surgery, oxycodone presents a consider-
ably fast onset time, along with a low dose and 
few side effects compared with morphine. In 
another study of lumbar disc surgery, the oral 
administration of 20 mg of oxycodone sus-
tained-release tablets twice daily significantly 
reduced morphine requirements during the first 
24 hours after surgery. The effect of the same 
amount was also shown to last 25-48 hours 
after surgery (intravenous PCA morphine after 
oxycodone was 13 mg vs. morphine in the pla-
cebo group was 33 mg). In both groups, the 
patients received intravenous acetaminophen 
as a basic analgesia every 6 hours. The addi-
tional administration of oxycodone can reduce 
the incidence of postoperative nausea and 
vomiting and facilitate the recovery of intestinal 
function, which is in line with our data [24]. 

Table 4. The number of adverse reactions in both 
groups (the incidence rate)
Adverse events M (n=69) Q (n=69) P value
Nausea 29 (42%) 10 (15%) 0.0003
Vomiting 11 (16%) 8 (12%) 0.46
Itching 5 (7%) 4 (6%) 0.73
Urinary retention 3 (4%) 4 (6%) 0.70
Allergy 3 (4%) 1 (1%) 0.31
Calm 16 (23%) 10 (15%) 0.19
Excessive sedation 0 (0%) 0 (0%) 1
Respiratory depression 4 (6%) 2 (3%) 0.40

Table 3. Comparison of the MAP, HR, SpO2 and RR in the two groups (n=69)
Group Baseline 30 min 1 h 2 h 3 h 4 h

MAP (mmhg) M 107±15 93±13 95±19 95±18 96±15 98±19
Q 105±16 92±19 93±18 92±17 94±14 95±13

HR (times/min) M 78±17 71±14 70±19 72±15 74±15 73±16
Q 79±15 70±18 72±14 71±18 73±15 72±12

SpO2 (%) M 99.0±1.4 99.1±1.6 99.3±1.3 99.2±1.2 99.1±1.5 99.2±1.3
Q 99.2±1.6 99.1±1.9 99.2±1.6 99.3±1.8 99.5±1.5 99.4±1.8

RR (times/min) M 17.8±1.7 16.2±1.8* 16.6±2.8* 16.5±2.3* 17.1±2.5 17.3±2.6
Q 17.9±1.8 16.3±2.1* 16.6±2.2* 16.9±2.8* 17.4±2.4 17.5±2.0

Compared with the baseline value, *P<0.05.
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However, the limitation in this study still exists, 
namely that the analgesic efficacy of different 
doses of oxycodone should be further validat-
ed, and the possibility of a combination strate-
gy with distinct types of analgesic drugs ought 
to be explored in the future. 

Conclusion

In summary, oxycodone, a titration analgesic 
used in the PACU, quickly and effectively 
relieves postoperative pain and has relatively 
few side effects, providing new leads for the 
analgesic regime.
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