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Abstract 
Background: There is a lack of consensus on the combination doses of local anesthetics and opioids for spinal anesthesia in 

patients undergoing total knee arthroplasty (TKA) surgery. Opioids and local anesthetic combinations are associated with many 

postoperative side effects at high doses. We aimed to assess the use of the lowest possible doses of intrathecal bupivacaine 

and morphine for TKA.  

Methodology: Sixty-six patients undergoing TKA were randomly divided into two groups. In both groups, combined spinal 

epidural anesthesia was administered. Group 1 received 5 mg of heavy bupivacaine and 0.1 mg of morphine, and Group 2 

received 7.5 mg of heavy bupivacaine and 0.1 mg of morphine. Ketamine and propofol were used for sedation. Intraoperative 

vital signs (blood pressure, heart rate, and pulse oxygen saturation), duration of the surgery, onset duration of spinal 

anesthesia, and side effects, including nausea, vomiting, itching, and respiratory distress were recorded. Patient satisfaction 

was assessed postoperatively using the visual analogue scale (VAS). Surgeon’s satisfaction was also assessed. Epidural patient-

controlled analgesia (PCA) with bupivacaine was used for postoperative pain management, and diclofenac sodium was used as 

a rescue analgesic. 

Results: There was no statistically significant difference in the duration of onset of spinal anesthesia, but the duration of the 

onset spinal anesthesia was longer in Group 2. There was no statistically significant difference in surgeon satisfaction or 

between-group difference in patient satisfaction. The VAS score 4 and 24 h after the surgery were significantly low in Group 1. 

Rescue analgesic consumption in Group 1 was significantly higher than in Group 2. 

Conclusion: A combination of low-dose opioids and local anesthetic in spinal anesthesia may be an alternative to high doses, 

with fewer postoperative side effects. 
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1. Introduction 

Owing to the extreme tissue dissection involved, TKA 

is often cited as one of the most painful known 

procedures.1 Approximately, 20% of patients with 

osteoarthritis of the knee do not want to undergo TKA 

because of the expectancy of high levels of pain.2 

Management of postoperative pain is an important part 
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of peri-operative care of the patients undergoing total 

knee arthroplasty (TKA).  After knee surgery, the pain 

may also inhibit early rehabilitation to mobilize the 

knee joint.1 The treatment of postoperative pain is 

crucial for homeostasis. Additionally, it has a 

significant impact not only on lowering the cost of 

treatment but also on the patient's recovery time and 

consequently on the total hospital stay.3 Tissue trauma 

during major surgery often leads to changes in pain 

perception by the central nervous system.4 This can 

cause muscle atrophy and capsular contractures that 

may impair the functional outcome. There are many 

analgesic options available for TKA that vary in terms 

of complexity, efficacy, side effects and potential 

complications.5 Ineffective pain control after TKA can 

cause many side effects.6 There is no consensus on 

postoperative pain control after TKA, with many trials 

aimed to find the best combination of opioids and local 

anesthetic agents. Intrathecal morphine (ITM) 

combined with bupivacaine spinal anesthesia can 

improve postoperative pain, but has potential side 

effects of postoperative nausea/vomiting (PONV) and 

pruritus. With the use of multimodal analgesia and 

regional anesthetic techniques, postoperative pain 

control has improved significantly to a point where 

ITM may be avoided in total joint arthroplasty.7 

Different types of local anesthesia applications can 

successfully treat TKA pain. Although opioids and 

continuous epidural analgesia remain the major 

options for the postoperative pain management of 

TKA, they have some undesirable side effects. Many 

postoperative pain control approaches, including 

neuraxial techniques, continuous nerve blocks, and IV 

patient-controlled analgesia (PCA), are available for 

TKA. Although morphine is the most well-known and 

preferred intrathecal agent due to its prolonged 

analgesic effect, there is no consensus in the literature 

on the optimum dosage because of concerns about side 

effects.  

The aim of this prospective, randomized, double-blind 

study was to compare two different doses of 

bupivacaine, in addition to morphine, on side effects 

and patient’s and surgeon’s satisfaction. 

2. Methodology 

After obtaining the approval of the ethics committee 

of Kecioren Training and Research Hospital and 

written informed consent, 66 patients with ASA 

physical status I–III undergoing unilateral TKA were 

enrolled in the study. Patients who were allergic to the 

medications in the study or had a contraindication to 

spinal anesthesia (Hb < 8 g/dl) were excluded from the 

study.  

The patients were randomly allocated to two groups 

using the sealed envelope method. Preoperatively, all 

the patients received 1000 ml of Ringer’s lactate 

solution in 30 min. Midazolam (0.01 mg/kg) was 

administered as premedication, and the patients were 

monitored. Using the L4-5 interspace, a combined 

spinal epidural blockage was performed, with the 

patient in a sitting position.  

The patients in Group 1 were administered 5 mg of 

bupivacaine and 0.1 mg of morphine. The patients in 

Group 2 received 7.5 mg of bupivacaine and 0.1 mg of 

morphine. 

In both groups, the drugs were administered via the 

intrathecal route into the subarachnoid space. The total 

volume in each syringe was 2 ml in both groups. The 

syringes were prepared and labeled by a third-year 

resident and delivered to the study team. After 

subarachnoid blockage, an epidural catheter was 

inserted. A combination of 1 mg/kg ketamine and 

propofol was given prior to the incision to reduce 

intraoperative anxiety. The sedation level of the 

patient was assessed using the Ramsay sedation scale 

and complains of pain. 

Intravenously (IV) administered ephedrine (10 mg) 

was planned to be given to patients whose systolic 

blood pressure fell below 90 mmHg or decreased by 

more than 20% of baseline. Metoclopramide (10 mg) 

was used as a rescue case of itching. For the epidural 

postoperative pain management, an epidural catheter 

was set to 5 ml/hr bupivacaine infusion without 

loading and bolus dose that (20 ml bupivacaine was 

added to 80 ml serum. In total, 20 ml bupivacaine to 

100 ml fluid = 0.2). We applied hourly infusion 

because our patients were old. Locked time of 

controlled analgesia also set 20 min. Our patient-

controlled analgesic dose proved to be sufficient.  

Demographic data on the patients, including their age, 

gender, weight, and height, were recorded on a study 

sheet. Systolic, diastolic, and mean blood pressure, in 

addition to heart rate and pulse oxygen saturation, after 

1, 10, 20, 30, 40, 60, and 120 min were recorded 
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intraoperatively, as well as additional drug usage and 

dosages. The duration of the surgery was also recorded. 

The motor blockage was assessed using the Bromage 

scale. The time of recovery from motor blockage was 

recorded. Patient satisfaction and the quality of 

recovery were also assessed. Side effects, including, 

nausea, vomiting, itching, and respiratory distress, 

were recorded. To assess postoperative pain, the visual 

analogue scale (VAS) was administered 

postoperatively 5 and 15 min postsurgery and 2, 6, 12, 

and 24 h postsurgery. Patients with appropriate renal 

functions were selected and diclofenac sodium (75 mg, 

intramuscular) was used as a rescue analgesic, in 

addition to epidural PCA. The consumption of rescue 

analgesics was recorded. 

Surgeon’s satisfaction was assessed by asking the 

surgeon postoperatively to score the operation in terms 

of intraoperative anesthesia, postoperative analgesia, 

and early mobilization as fair, good, or excellent. 

Patient satisfaction was assessed by asking the patient 

to score the anesthesia and postoperative analgesia 

experience as poor, fair, good or excellent. 

3. Results 

The demographics of the two groups were similar 

(Table 1). There was no statistically significant 

difference in the duration of onset of spinal anesthesia, 

but the duration of spinal anesthesia was longer in 

Group 2 (p < 0.001). 

Table 1: Demographic data and surgical and 
anesthetic durations 

Variables 
Group 1 

(n = 33) 

Group 2 

(n = 33) 
p 

Age (y) 65.0 ± 8.8 65.8 ± 7.0 0.690* 

ASA I/II/III 2/15/16 6/17/10 0.066** 

Body mass index 

(Kg/m2) 
33.6 ± 6.1 33.0 ± 5.3 0.686* 

Time to onset of 

spinal anesthesia 

(min) 

10.4 ± 2.0 10.3 ± 2.0 0.738* 

Duration of 

spinal anesthesia 

(min) 

131.3 ± 42.4 
206.0 ± 

102.9 

< 

0.001* 

Duration of 

surgery (min) 
100.9 ± 20.4 88.7 ± 19.0 0.015* 

*T-test, ** Chi-square test 

There was no statistically significant difference in 

surgeon satisfaction between the groups, as shown in 

Table 2. 

 

There was no difference in patient satisfaction 

between the groups (p = 0.180). The comparative 

values are given in Table 3. Almost 90% patients had 

had good to excellent satisfaction scores. But the 

difference in between the two groups was not 

significant. 

The VAS values 4 h and 24 h postsurgery were 

significantly low in Group 1 (Table 4); however, at 

other times the VAS scores were statistically 

equivalent.  

Rescue analgesic consumption in Group 1 was 

significantly higher than in Group 2, e.g., [21 (63%) 

vs. 6 (18%) (p < 0.001)]. 

The frequency of pruritus and vomiting was higher in 

Group 1 patients as compared to Group 2. The 

frequency of postoperative headache was, however, 

more in Group 2. 

4. Discussion 

Intrathecal opioids added to local anesthetics during 

spinal anesthesia have been applied in a variety of 

surgical settings since 1979. Providing prolonged 

postoperative analgesia without the need for catheters 

or expensive pumps. However, the use of intrathecal 

morphine may be associated with distressing side 

effects, such as itching, urinary retention, nausea and 

vomiting (PONV), and respiratory depression.8 

In an attempt to limit opioid side effects, the use of 

low-dose spinal opioids has been advocated.9 Even 

mini-dose morphine (< 0.1 mg) was frequently 

reported to be effective for managing acute 
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postoperative pain after variety of surgeries without 

any evidence of respiratory depression.10,11  

Achieving high quality pain relief after TKA is 

possible using regional anesthesia and multimodal 

pain management. The morphine and bupivacaine 

doses (250 mcg and 15 mg, respectively) applied in 

their study were higher than those in the present study, 

and they used IV morphine PCA as a supplementary 

analgesic. The current study used epidural bupivacaine 

PCA for postoperative pain management and 

diclofenac sodium as a rescue analgesic.  

Bowrey et al. compared 0.2 and 0.5 mg of intrathecal 

morphine for postoperative analgesia after total knee 

replacement and concluded that the higher dose of 

intrathecal morphine provided better analgesia than 

the lower dose, without any increase in side effects.12 

Although the incidence of side effects was similar in 

the two groups in their study, the rates were higher 

when compared with those in the present 

study where 0.1 mg of intrathecal morphine, 

combined with different doses of heavy 

bupivacaine, was administered. Among 33 

patients of this study reported nausea (n = 

12), vomiting (n = 8), pruritus (n = 13), and 

respiratory depression (n = 1) in the 0.2 mg 

morphine group. In the present study, in 

Group 1 (n = 33), there were 8 cases of 

nausea, 7 of vomiting, and 8 of pruritus.  

Mohammed A. Alsaeid and his friends 

studied with the doses which we used. That 

is why we preferred the same doses.13 We used 

very low dose heavy-bupivacaine in our study but 

morphine dose 0.1 mg as other studies have 

applied. The VAS values after 4 and 24 h were low 

in Group 1. This may be due to the high 

consumption of rescue analgesic in this group. 

There was no statistically significant difference in 

the duration of onset of spinal anesthesia, but the 

duration of spinal anesthesia was longer in Group 

2 because heavy-bupivacaine dose was higher. 

Side effects were similar between the two groups. 

There were no cases of respiratory depression in the 

present study. 

Among the published literature, the number of studies 

that have used low-dose bupivacaine and morphine in 

orthopedic surgery is rare. Some studies reported that 

low-dose spinal opioids limited opioid-related side 

effects.14,15,16 Cole et al. investigated the efficacy and 

respiratory effects of low-dose spinal morphine for 

postoperative analgesia after knee arthroplasty. In 

their study, the patients received 0.3 mg of morphine 

or saline and 2–2.5 ml of 0.5% heavy spinal 

bupivacaine.17 Although the VAS scores of the 

morphine group were improved as compared to those 

of the control group, they observed a statistically 

significant reduction in oxygen saturation in the 

morphine group. The bupivacaine and morphine doses 

administered in the current study were lower than 
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those applied in the study by Cole et al.,11 and oxygen 

desaturation did not occur in either group. In addition, 

69% of the surgeons in Group 1 and 84% of the 

surgeons in Group 2 assessed their satisfaction as 

excellent. Among the patients, 57% and 63% of those 

in Group 1 and 2, respectively, rated their satisfaction 

as excellent. Although the number of patients who 

rated their satisfaction as excellent was relatively 

higher in Group 2, the difference was not statistically 

significant. 

 Although there was no difference in patient and 

surgeon’s satisfaction, Group 1 required significantly 

more rescue analgesic, and their VAS values were 

higher than those of Group 2 after 4 and 24 h. This 

finding may be explained by the higher use of rescue 

analgesics in Group 1. Also, in our study, duration of 

surgery was statistically prolonged in Group 1 which 

may be the reason of higher consumption of 

postoperative rescue analgesic. The duration of spinal 

anesthesia was statistically longer in Group 2. This 

may be due to higher dose of bupivacaine. 

5. Conclusion 

In conclusion, our results revealed comparatively 

longer duration of analgesia with 7.5 mg bupivacaine. 

The side effects were fewer with the use of 5 mg 

bupivacaine, but patient and surgeon’s satisfaction 

remained good to excellent in both groups. Hence 

bupivacaine 5 mg combined with 0.1 mg morphine can 

be used with satisfaction for total knee arthroplasty. 
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