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Abstract

Objective: To compare the efficacy of intraarticularly injected bupiv-
acaine with levobupivacaine when administered in combination with
morphine and adrenaline for post-operative analgesia and functional
recovery after knee surgery.

Materials and Methods: Sixty American Society of Anesthesiolo-
gists physical status I-Il patients were randomized into three groups:
Group B was administered 30 mL isobaric 0.5% bupivacaine, 2 mg
morphine and 100 pg adrenaline, Group L was administered 30 mL
0.5% levobupivacaine, 2 mg morphine and 100 pg adrenaline, and
Group C was administered 30 mL 0.9% NaCl solution into the knee
joint by the surgeon at the end of surgery. The morphine usage and
visual analog pain scores were recorded regularly afterwards. We
also recorded the time that elapsed before each patients’ first mobi-
lization, positive response to straight leg raising, tolerance to 30-50°
knee flexion, recovery of quadriceps reflexes and discharge from the
hospital. We also recorded patient and surgeon satisfaction.

Results: The pain scale values were lower in Groups B and L than in
Group C at 2, 4, 6,8, 12 and 24 hours post-operatively (all p<0.001). In
Groups B and L, the time for first analgesic request was longer (p<0.01),
the morphine consumption was lower (p<0.001), and the duration of
morphine usage was shorter (p<0.001). The times to positive response
to straight leg raising, tolerance to 30-50° knee flexion and the first mo-
bilization were shorter in Groups B and L (p<0.001 for all).

Conclusion: After arthroscopic knee surgery, intraarticular levobupi-
vacaine combined with morphine and adrenaline decreases analge-
sic requirements, shortens the postoperative duration of analgesic
use and hastens mobilization as effectively as bupivacaine.

Key Words: Arthroscopic surgery, bupivacaine, intraarticular injec-
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Ozet

Amag: Morfin ve epinefrin eklenerek intraartikiler uygulanan bupi-
vakain ve levobupivakainin postoperatif agri ve fonksiyonel iyilseme
Uzerine etkisini incelemek.

Gereg ve Yontem: ASA |-l 60 hasta randomize edilerek 3 gruba ayril-
dilar: Grup B; 30 mL izobarik %0.5 bupivakain+2 mg morfin+100 mg
adrenalin, Grup L; 30 mL %0.5 levobupivakain+2 mg morfin+100 mg
adrenalin, Grup K; 30 mL serum fizyolojik cerrahi ekip tarafindan ope-
rasyon bitiminde intraartikiler olarak uygulandi. Postoperatif morfin
tiiketimi, agri skorlari, ilk mobilizasyon zamanlari, 30-50 derece diz
fleksiyonuna tolerans zamanlari kaydedildi.

Bulgular: Agn skorlan Grup B ve L'de Grup K'ya gore 2, 4, 6,8, 12 ve
24 satlerde daha dustik bulundu (p<0.001, tim zamanlar icin). Grup
B ve Lde, ilk analjezik istem zamani daha uzun (p<0.01), morfin tike-
timi daha az (p<0.001) ve morfin kullanim siresi daha kisa bulundu
(p<0.001). ilk mobilizasyon zamanlari, 30-50 derece diz fleksiyonuna
tolerans zamanlar Grup B ve L'de daha kisa bulundu (p<0.001).

Sonug: Artroskopik diz cerrahsinde, intraartikiler levobupivakain,
morfin ve adrenalin kombinasyonu bupibakaine benzer sekilde pos-
toperatif analjezik gereksinimini, analjezik ihtiyacg stresini kisaltmak-
ta ve mobilizasyonu iyilestirmektedir.

Anahtar Kelimeler: Artroskopik cerrahi, bupivakain, intraartikiler
enjeksiyon, levobupivakain, postoperatif agri

Introduction

Arthroscopic knee surgery is one of the most common
surgical interventions. The examination of the knee joint of
a patient with tuberculosis by Kenji Takagi with a cystoscope

in 1918 was the first example of arthroscopy, which is now
frequently used in outpatient surgery [1]. In the same year,
Dr. Eugen Bircher published the first scientific article on
diagnosis of meniscal pathology in the knee using an arthro-
scope [2]. Watanabe laid the foundations of arthroscopy with
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the improvements that he made to arthroscopes and other
instruments [3].

Arthroscopy is relatively non-invasive and allows the
patient to return to daily activities sooner [4]. Effective pain
management is important after arthroscopic knee surgery to
ensure that the patient is comfortable and can mobilize after
discharge. An injection of local anesthetic to the intra-articu-
lar space, which is the main source of pain after arthroscopic
interventions, has been found to provide effective and reli-
able results [5], as have morphine and non-steroidal anti-
inflammatory drugs (NSAIDs) [6, 7]. However, the effects of
combining bupivacaine or levobupivacaine with a mixture
of morphine and adrenaline in an intra-articular injection at
the end of arthroscopic knee surgery conducted under spinal
anesthesia have not been studied. We conducted a random-
ized, controlled trial to examine the influence of both these
drug combinations on post-operative morphine consump-
tion, pain scores and functional recovery.

Materials and Methods

Sixty patients with American Society of Anesthesiologists
physical status I-Il between 18-70 years of age undergoing
arthroscopic knee surgery were included in this prospec-
tive, randomized, double-blind study. We excluded patients
taking NSAIDs, those with peptic ulcer disease, hemorrhagic
diathesis or clotting dysfunction, allergy to local anesthetics
and those who were pregnant, lactating or who declined to
participate. All patients signed informed consent forms.

All participants received 50 mg intravenous dexketopro-
fen 30 minutes before surgery. In the operating room, routine
monitoring was established, and an infusion of 0.9% NaCl
(500 mL loading dose, then a 15 mL/kg/h maintenance dose)
was started. Under aseptic conditions and after infiltration
anesthesia with lidocaine at the L2-L3 or L3-L4 interverte-
bral space, spinal anesthesia was established by injecting
2 mL 0.5% hyperbaric bupivacaine (10 mg) through a 25G
Spinocan® (B. Braun, Melsungen, Germany) needle after free
flow of cerebrospinal fluid had been confirmed. The sensory
block level and motor block were evaluated using pinprick
and the Bromage scale (0: no paralysis, 1: can only move the
knee and foot, 2: can only move the foot, 3: complete paraly-
sis), respectively.

The subjects were divided into three equal groups using
sealed envelopes. At the end of surgery and under aseptic
conditions, Group B (n=20) received 30 mL intrathecal 0.5%
bupivacaine with 2 mg morphine and 100 pg adrenaline;
Group L (n=20) was administered 30 mL 0.5% levobupiva-
caine with 2 mg morphine and 100 pg adrenaline; and the
control group (Group C, n=20) received 30 mL 0.9% NaCl
solution.

Morphine sulfate was prepared in a T mg/mL concentra-
tion, and a post-operative patient-controlled analgesia (PCA)
regime was established by providing a 2 mg bolus with a
10-minute lock-out time and a 4-hour limit of 20 mg. The
severity of pain was evaluated with a visual analog scale (VAS,
0: no pain to 10: worst pain imaginable) at rest (VAS ) and dur-
ing movement (VAS, ) before surgery and 2, 4, 6, 8, 12 and 24
hours after surgery.

The heart rate (HR) and mean blood pressure (MAP) were
recorded pre-operatively and 2, 4, 6, 8, 12 and 24 hours post-
operatively. The time elapsed between the end of surgery and
the first request for analgesia and total PCA consumption of
morphine were recorded. The time to first mobilization, posi-
tive response to straight leg raising, tolerance of 30-50° knee
flexion and return of the quadriceps reflex were recorded. The
surgical time, patient and surgeon satisfaction ratings (bad,
average, good), discharge time from hospital, requirement
for follow-up consultations, intra- and post-operative com-
plications (for example, bradycardia, hypotension, nausea
and vomiting) were recorded, and the patients were asked if
they would request the same mode of anesthesia again for a
similar surgical procedure.

The power analysis was informed by the findings of a
study by Karaman and colleagues [8]. When using the time
to first analgesia as the primary outcome measure in groups
of patients receiving intra-articular bupivacaine, levobupiva-
caine or placebo, the sample size required was calculated as
57 (19 for each group, power: 0.84, 0=0.05, $=0.16).

The data were analyzed using SPSS 13.0 (Chicago, IL,
USA). Continuous and discontinuous data are presented as
the number and percent with the mean, standard devia-
tion, median, minimum and maximum values. The distribu-
tion of data was examined using the Shapiro-Wilk test. The
Kruskal-Wallis test was used to compare groups, and the
Mann-Whitney U test was used for subgroup analysis. The
chi-squared test was used to compare categorical variables
between the groups. The extent of the change in pain
was calculated using the pre- and post-operative VAS, and
VAS,, measurements before the groups were compared. The
changes in the hemodynamic parameters were calculated
from pre- and post-operative values, were expressed as per-
centages and were also compared between groups. A p<0.05
was considered to represent statistical significance.

Results

No patients declined to participate, and spinal anesthesia
was successful in all cases. There were no statistically significant
differences between the groups on the basis of their demo-
graphic characteristics (Table 1) or pre-operative HR, MAP, VAS_
and VAS,, scores. The post-operative VAS, and VAS,; scores at
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Table 1. Patient characteristics (meantSD)

Group B (n=20) Group L (n=20)  Group C (n=20)
Age (yr) 37.5+13.0 41.8+12.7 41.4+11.6
Gender (M/F) 13/7 12/8 14/6
Height (cm) 169.5+8.8 169.2+12.1 169.5+7.6
Weight (kg) 71.5£11.7 76.4+£13.2 76.2£14.6
Duration of surgery (min) 41.5+17.2 46.7+£15.5 51.54+22.3
Table 2. Post-operative pain scores at rest (VAS ) (mean+SD)
Post-operative hours
0 2 4 6 8 12 24
Group B(n=20) 0 0.05+0.02 0.1+0.04 0.4+0.09 0.4+0.06 0.6+0.1 0.4+0.05

Group L (n=20)
Group C (n=20)

0 0.05+0.03 0.2+0.03 0.3+0.07 0.4+0.07 0.4+0.08 0.2+0.04
0 0.8+0.1* 1.10+0.4* 1.7£0.8* 1.5+0.5*

1.4+0.9% 1.2+0.3*

*p<0.001; Group C vs Groups B and L.

2,4, 6,8, 12 and 24 hours were significantly higher in Group C
than in Groups B and L (p<0.001 for all, Tables 2 and 3).

The post-operative HR was significantly higher at 6 and
8 hours in Group C compared with Groups B and L (p<0.05
for both, Figure 1). There was no statistically significant dif-
ference in post-operative MAP between the three groups
(Figure 2).

Analgesic consumption via PCA was similar in Groups B
and L but was significantly higher at 6, 8, 12 and 24 hours
(p<0.05, p<0.001, p<0.001 and p<0.001, respectively, Figure 3)
in the control group. The time to first request for analgesia was
also significantly shorter in the controls, who also used PCA for
longer and consumed a higher total dose (all p<0.01, Table 4).

The time to first mobilization, positive response to the
straight leg raising test and time to tolerance of 30-50° knee

flexion were longer in the controls than in Groups B and L
(p<0.001 for all). There were no significant differences in the
duration of hospitalization. Patient and surgeon satisfac-
tion scores were lower in Group C compared with the local
anesthetic groups (p<0.01). There was no difference between
the groups when patients were asked if they would have
the same mode of anesthesia again (Table 5). No surgical,
anesthesia-related, intra-operative or post-operative compli-
cations were observed.

Discussion
In our study, the efficiency of bupivacaine or levobupi-

vacaine addition to the morphine and adrenaline mixture
applied to patients having elective arthroscopic knee surgery
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Figure 1. Postoperative changes in heart rate (HR[bpm]). *p<0.05; Group
Cvs Groups Band L.

Figure 2. Postoperative changes in mean arterial pressure
(MAP[mmHg]).



80 Ozdemir et al. Intraarticular Bupivacaine and Levobupivacaine for Knee Arthroscopy Eurasian J Med 2013; 45: 77-82
Table 3. Post-operative pain scores during mobilization (VAS ) (meanxSD)
Post-operative hours
0 2 4 6 8 12 24
Group B (n=20) 0 0.2+0.08 0.7+0.2 1.4+03 1.8+0.5 1.4+04 0.8+0.1
Group L (n=20) 0 0.4+0.12 0.5£0.5 1.2+04 1.2+0.7 12403 0.6+0.2
Group C (n=20) 0 1.5+0.7* 2.7+1.1* 3.3+1.3% 3.4+1.8* 3.1£1.2*¥ 29+1.1*%
*p<0.001; Group C vs Groups B and L
Table 4. Post-operative clinical data (mean+SD)
Group B Group L Group C
(n=20) (n=20) (n=20)
Time to first mobilization (min) 256.25+19.6  280.75+1531 314.25+15.58*
Time to straight leg raise (min) 165.50+16.58 180.85+11.21 255.50+14.21*
Tolerance of 30-50° knee flexion (min)  172.0+£10.53  193.25+£13.27 250.10+£15.21*
Time to first analgesic requirement (h)  258.5+19.8 251.5+174 223.2+17.8*
Time to first use of PCA (min) 430+36.7 411439.7 874.0+40.7*
Time to hospital discharge (h) 19.15+4.5 20.15+3.37 21.90+3.92
*p<0.01; Group C vs Groups B and L
PCA; patient-controlled analgesia
- The factors affecting the amount of post-operative pain
o experienced by patients after arthroscopic knee surgery and
g0 | HGroupB the quality of intra-articular analgesia include pre-operative
s W GroupL pain levels, mode of anesthesia, surgical technique, duration
§ 7 shs of surgery and the volume and choice of intra-articular drugs
E [8]. We avoided potential bias by using spinal anesthesia for
2 all participants, the same volume of intra-articular drugs and
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Figure 3. Cumulative intravenous morphine consumption delivered by
patient-controlled analgesia (PCA) devices during a 24-hour study period.
*p<0.05 or **p<0.001; Group C vs Groups Band L.

under spinal anesthesia on analgesia and functional resil-
ience was compared. We found that patients who received
intra-articular local anesthetic, morphine and adrenaline
after arthroscopic knee surgery conducted under spinal
anesthesia experienced less post-operative pain and required
lower doses and duration of post-operative opioid analgesia.
Furthermore, their functional recovery, as measured by time
to first mobilization, positive response to straight leg raising
and time to tolerance of 30-50° knee flexion, was superior.

the same surgeon and surgical procedure, with the result
that there was no significant difference in operation times
between the groups.

Bupivacaine is the drug most frequently used for intra-
articular analgesia because of its long duration of action [9].
Hansen et al. [9] found that there were clear differences in the
post-operative pain scores between patients receiving intra-
articular bupivacaine after arthroscopic shoulder surgery
and those that received placebo. This finding was replicated
by Morgenthaler et al. [10] who reported lower pain scores
and also earlier mobilization times in patients receiving
intra-articular bupivacaine after arthroscopic hip surgery
compared with placebo. Woods and O’Connor [11] found
that a single dose of intra-articular bupivacaine-morphine at
the end of surgery provided analgesia as effectively as con-
tinuous femoral nerve block after anterior cruciate ligament
reconstruction.

Bupivacaine is cardiotoxic, and as a result, the use of
less toxic local anesthetics is becoming more widespread.
Bupivacaine cardiotoxicity is not a major risk factor in
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Table 5. Patient and surgeon satisfaction with pain management (n, %)

Group B Group L Group C
(n=20) (n=20) (n=20)
Patient satisfaction ~ Poor 0(0) 0(0) 1(5)
Moderate 3(15) 1(5) 11 (55)%
Good 17 (85) 19 (95) 8 (40)*
Surgeon satisfaction  Poor 0(0) 0(0) 1(5)
Moderate 2(10) 2(10) 11 (55)*
Good 18 (90) 18 (90) 8 (40)*
*p<0.001; Group C vs Groups B and L

arthroscopic knee surgery; however, minimizing risks, espe-
cially in outpatient surgery, is very important [12]. Sullivan
et al. [13] reported two patients who experienced cardiac
toxicity after 75-150 mg intra-articular bupivacaine, which is
considered to be a safe dose. Liguori et al. [14] reported local
anesthetic toxicity manifested as chest pain, nausea, faint-
ness and tachycardia in a patient who received intra-articular
bupivacaine (20 mL in 0.25% concentration) after arthroscop-
ic knee surgery. Levobupivacaine is a new, long-acting amide
local anesthetic and is the S (-) isomer of racemic bupivacaine.
Clinical studies have shown that the anesthetic and analgesic
effects of levobupivacaine are very similar to bupivacaine at
the same dose [15-17]. In this study, we compared the effica-
cy of levobupivacaine, which is accepted to be safer in terms
of side effects, with bupivacaine and found no differences
in terms of their post-operative benefits. The hemodynamic
profiles of the groups receiving local anesthetics were similar,
and no complications were encountered.

The dose of intra-articular bupivacaine used in studies of
post-operative pain control ranges from 20-40 ml (90+£34 mq)
of the 0.25% and 0.5% concentrations [18]. The dose clearly
influences the quality of analgesia; 20 mL 0.25% bupivacaine
provides approximately 2 hours of post-operative analgesia
[19]. Joshi et al. [20] found that analgesia lasted approximate-
ly 4 hours with 25 mL intra-articular 0.25% bupivacaine. We
used 30 mL 0.5% local anesthetic and achieved 258.5+19.8
and 251.50+17.4 minutes analgesia in the bupivacaine and
levobupivacaine groups, respectively. Dose-response studies
are required to determine the optimum volume and concen-
tration for analgesia and to minimize side effects.

Few studies have examined the role of intra-articular
levobupivacaine in providing post-operative analgesia, and
the optimal dose has not yet been determined. Jacobson
et al. [21] compared two groups that received intra-articular
levobupivacaine at 0.25% and 0.5% concentrations with
another group that received intra-articular 1% lidocaine
with adrenaline (total volume 20 mL). They found that 0.5%
levobupivacaine provided better analgesia in the first 24

post-operative hours than 0.25% levobupivacaine and the
lidocaine-adrenaline combination.

Tetzlaff et al. [22] evaluated the effect of adding morphine,
fentanyl or sufentanil to 20 mL 0.25% bupivacaine on post-
operative analgesia after arthroscopic shoulder surgery and
found that the morphine-bupivacaine combination was supe-
rior. Vasanth et al. [23] administered 2 mg intra-articular mor-
phine in 20 mL normal saline to patients having arthroscopic
knee surgery after general anesthesia and included two fur-
ther groups who received 20 mL 0.25% bupivacaine and 20
mL 0.25% bupivacaine with 2 mg morphine, respectively; the
combination of local anesthetic and morphine was found to
be most effective. Stein et al. [24, 25] showed that 1 mg intra-
articular morphine acts upon on peripheral opioid receptors
and can be reversed with naloxone. However, the onset of
analgesia after administration of intra-articular morphine is
slow, providing weak pain relief in the first 2 hours and only
having a meaningful therapeutic effect after 4 hours. Aasbo
et al. [26] compared the post-operative analgesic effects of
intra-articular bupivacaine and morphine and found that
bupivacaine was effective within the first 2 post-operative
hours, whereas the effect of morphine began after 2 hours,
and its analgesic effect only reached peak levels in the sixth
hour. By using 2 mg morphine, we aimed to achieve effective
long-term post-operative analgesia with local anesthetic act-
ing in the early post-operative period.

Adrenaline acts to prolong analgesia by causing vasocon-
striction and reducing vascular absorption. Moreover, vaso-
constriction also reduces the risk of intra- and post-operative
hemorrhage. Gyrn et al. [27] showed that three combinations
of bupivacaine and adrenaline (25 mg+50 pg, 50 mg+100 pg
and 75 mg+150 pg, in a total volume of 30 mL) had no sig-
nificant differences in terms of post-operative pain, analgesic
requirement or surgeon satisfaction after knee arthroscopy.
Similar findings have been reported after knee arthroplasty.
Lombardi et al. [28] found that intra-operative intra-articular
0.25% bupivacaine with morphine and adrenaline provided
better early post-operative analgesia and reduced blood loss
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and overall analgesic requirements. In our study, we chose to
add morphine and adrenaline to reduce the overall dose of
local anesthetic required.

In conclusion, levobupivacaine in combination with mor-
phine and adrenaline was found to be as effective as bupiva-
caine with morphine and adrenaline when administered into
the knee joint after ambulatory knee arthroscopic surgery
under spinal anesthesia. Both combinations reduced post-
operative pain, hastened the return of post-operative function
and maintained vital parameters. We did not detect bupiva-
caine-related toxicity at this dose, but given the more benign
toxicity profile of levobupivacaine, we recommend that the
levo-isomer should be used in routine clinical practice.

Conflict of interest statement: The authors declare that
they have no conflict of interest to the publication of this article.
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