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A b s t r a c t

Introduction: Spinal anesthesia is a widely used technique of the modern 
practice of anesthesia. Spinal cord ischemia is a rare but catastrophic com-
plication of spinal anesthesia which may be caused by a direct vasoconstric-
tive effect of the local anesthetic. Although the vasoconstrictive effects of 
levobupivacaine have been widely studied, the vasoconstrictive effects of 
this drug on the intradural arteries have never been studied. The aim of this 
study is to evaluate whether levobupivacaine has vasoconstrictive effects 
on the basilar artery in rabbits.
Material and methods: Thirty male New Zealand white rabbits were divided 
randomly into three groups of ten rabbits each: group 1 (control); group 2 
(0.125% levobupivacaine); group 3 (0.25% levobupivacaine). The cisterna 
magna was punctured as described below, then 1 ml of saline or 0.125% or 
0.25% levobupivacaine was injected into the cisterna magna in 10 min by an 
infusion pump in groups 1, 2 and 3 respectively. All animals were euthanized 
by perfusion-fixation 30 min after the procedure. The luminal area and the 
size of the cross-sectional area for each basilar artery were measured.
Results: Both 0.125% and 0.25% levobupivacaine infusion caused signifi-
cant vasoconstriction. Vasoconstriction was more significant for the 0.125% 
concentration.
Conclusions: The results of this study indicated that both 0.125% and 0.25% 
concentrations of levobupivacaine caused significant vasoconstriction of 
the basilar artery when administered into the subarachnoid space. This may 
constitute proof that subarachnoid administration of levobupivacaine may 
diminish the spinal cord blood flow, causing ischemia.

Key words: basilar artery, levobupivacaine, subarachnoid, vasoconstriction.

Introduction

Spinal anesthesia is one of the fundamental techniques of the mod-
ern practice of anesthesia and is proven to be a successful, predictable 
and low-complication application [1]. Spinal cord injury is a  rare but 
catastrophic complication of spinal anesthesia [1, 2]. Ischemia is one of 
the many mechanisms assumed for spinal cord injury such as epidur-
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al hematoma, cauda equina syndrome, epidural 
abscess, trauma and chemical contamination of 
local anesthetic solutions [1, 2]. 

Levobupivacaine is a  relatively newly devel-
oped long-acting amide-type local anesthetic 
with a clinical profile similar to bupivacaine with 
a greater margin of safety and reduced systemic 
toxicity [3, 4]. Levobupivacaine in 0.25% or lower 
concentration is claimed to have vasoconstrictive 
activity over rat aorta [3, 5–7], blood vessels of rat 
sciatic nerve [8], peripheral vessels of the human 
skin [9, 10], and in patients undergoing tonsillec-
tomy [11] and nasal surgery [12]. 

Although vasoconstrictive effects of levobupiva-
caine have been widely studied, the vasoconstric-
tive effects of this drug on the intradural arteries 
have never been studied. The aim of this study is 
to evaluate whether levobupivacaine has vasocon-
strictive effects on the basilar artery in rabbits.

Material and methods

Experimental groups

Animals’ care and all experiments were in con-
cordance with the European Communities Council 
Directive of November 24, 1986 (86/609/EEC) on 
the protection of animals for experimental use. 
All experimental procedures used in this investi-
gation were reviewed and approved by the ethi-
cal committee of Ankara Education and Research 
Hospital. Thirty male New Zealand white rabbits 
weighing 2900–3400  g were divided randomly 
into three groups of ten rabbits each:

Group 1: Control group (n = 10); a sham surgery 
group. In this group, after induction of anesthesia, 
the cisterna magna was punctured as described 
below and 1 ml of physiological saline (0.9% NaCl) 
was injected into the cisterna magna in 10 min by 
infusion pump after removal of the same amount 
of cerebrospinal fluid (CSF).

Group 2: Low-dose group (n = 10); the cister-
na magna was punctured as described below and  
1 ml of 0.125% levobupivacaine (Chirocaine, Abbott 
Turkiye, Turkey) was injected into the cisterna mag-
na in 10 min by an infusion pump (Perfusor Space 
Infusion System, B. Braun Melsungen AG, Germa-
ny) after removal of the same amount of CSF.

Group 3: High-dose group (n = 10); the cister-
na magna was punctured as described below and  

1 ml of 0.25% levobupivacaine (Chirocaine, Abbott 
Turkiye, Turkey) was injected into the cisterna mag-
na in 10 min by an infusion pump (Perfusor Space 
Infusion System, B. Braun Melsungen AG, Germa-
ny) after removal of the same amount of CSF.

Anesthesia and surgical procedure

The animals were kept at optimal (18–21°C) 
room temperature and fed with standard diet 
where a 12-h light-dark cycle was implemented. 
Free access to food and water was allowed. The 
animals were anesthetized by intramuscular ad-
ministration of 70 mg/kg ketamine (Ketalar, Parke 
Davis Eczacıbaşı, Turkey) and 5 mg/kg xylazine 
(Rompun, Bayer, Turkey) combination. The tra-
chea was intubated with a 3.0 mm cuffed tube, 
and mechanical ventilation was accomplished 
with a Servo 900C ventilator (Siemens, Erlangen, 
Germany) to maintain normocarbia at a  fraction 
of inspired oxygen of 0.3. All the animals were 
kept intubated until the perfusion-fixation was 
performed. Arterial blood samples for PO2 and 
PCO2 were taken from each animal from the cath-
eterized ear arteries for blood gas analysis during 
the procedures, and only those animals with PO2 
greater than 70  mm Hg and PCO2 lesser than 
40 mm Hg were included in the study. Heart rate 
and arterial blood pressure were measured using 
an ear arterial catheter. Physiological parameters 
of the experimental groups are summarized in Ta-
ble I. Core body temperature was monitored rec-
tally and maintained at 37 ±0.5°C with a heater.

Drug infusion

The head of the rabbit was extended in the 
prone position. A  midline nuchal incision was 
made, and dermal and subdermal tissues, fascia 
and paravertebral muscles were dissected to ex-
pose the atlanto-occipital membrane. A 25-gauge 
needle was inserted through the dura mater and 
the arachnoid membrane into the cisterna magna; 
1 ml/kg of CSF was withdrawn and an equal vol-
ume of drug was injected into the cisterna magna 
within 10 min with an infusion pump (Perfusor 
Space Infusion System, B. Braun Melsungen AG, 
Germany). The animals were then placed in a head- 
 down position at 30° for 30 min to hold the drug 
in the basal cisterns. 

Table I. Physiological parameters of the experimental groups

Group n pH PO2 PCO2 MABP HR

Control 10 7.45 ±0.01 92 ±3.0 34.9 ±1.0 98 ±2.4 170 ±4.5

Low-dose 10 7.46 ±0.02 94 ±2.4 34.5 ±1.1 96 ±3.5 171 ±4.9

High-dose 10 7.44 ±0.01 94 ±2.1 35.5 ±0.9 97 ±2.0 168 ±3.4

Data are expressed as mean ± SD. None of the values were statistically significant between the groups (p > 0.05). MABP – mean arterial 
blood pressure (mm Hg), HR – heart rate (beats per minute).
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Perfusion-fixation

All animals were euthanized by perfusion-fixa-
tion 30 min after completion of the injection. The 
anesthesia was continued for all the animals as 
described above. All the animals were monitored 
for blood pressure and blood gas analysis. When 
satisfactory respiratory parameters were obtained, 
a  thoracotomy was performed, the left ventricle 
cannulated, the right atrium opened widely and the 
descending thoracic aorta clamped. After perfusion 
with 300 ml of physiological saline, a fixative was 
perfused (10% formaldehyde, 200  ml). Perfusion 
was performed at a standard height of 100 cm from 
the chest. The brains were removed and stored in 
formaldehyde solution at 4°C overnight.

Histological morphometric analysis  
of the basilar artery

Each brainstem specimen was embedded in 
paraffin. The entire basilar artery was sectioned 
into three segments at 3 mm in length (Figure 1), 
and stained with hematoxylin-eosin (H + E). The 
morphometric measurements on all three seg-
ments of the basilar artery were performed using 
BAB-Bs200ProP Image Processing and Analysis 
System (Ankara, Turkey). The luminal area was cal-
culated as the area contained within the bound-
aries of the internal elastic lamina (Figure 2 A).  
The size of cross-sectional area for each basilar 
artery was obtained by averaging these measure-
ments. The mean ± SD value obtained from each 

Figure 1. Macroscopic view of a basis of the rabbit brain from the control group (left) and representative histolog-
ical cross-sections of the basilar artery (H + E; 40× obj.) corresponding to all groups (right)
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Figure 2. Demonstration of the calculation of the cross-sectional area (A) and the wall thickness (B) of the basilar 
artery
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artery was used as the final value for a particular 
vessel. 

The wall thickness between the lumen and the 
external border of the muscle layer was measured 
at four quadrants of each segment of the bas-
ilar artery (Figure 2 B). If an undulating luminal 
border was encountered, an extra measurement 
was taken from the internal elastic membrane to 
the external border of the muscle layer. The ves-
sel wall thickness for each basilar artery segment 
was obtained by averaging these measurements. 
The mean ± SD value obtained from each artery 
was used as the final value for a particular vessel.

All measurements were repeated three times 
for each artery in a blind fashion by two pathol-
ogists, and the conclusive values were obtained 
by averaging these measurements. Inter-observer 
reliability levels for area and wall thickness are 
given in Table II.

Statistical analysis

A pilot study was conducted with 9 animals for 
3 groups in order to calculate the number of an-
imals to achieve 95% power with 5% error. The 
software G*Power 3.0 was used to perform power 
analysis. The mean basilar artery cross-sectional 
area was used to calculate “effect size f”. The num-
ber of animals necessary for the study, with effect 
size f = 0.777, a-error = 0.05 and power (1 – b)  
= 0.95, was calculated as 30.  

Data analysis was performed by using SPSS 
for Windows, version 11.5 (SPSS Inc., Chicago, 
IL, United States). Intra-class correlation coeffi-
cient (ICC) and 95% CI for area and wall thickness 
were calculated for determining both inter- and 
intra-observer reliability levels. Whether the dis-
tributions of continuous variables were normal 
was determined using the Shapiro-Wilk test. Lev-
ene’s test was used to evaluate homogeneity of 
variances. Data are shown as mean ± standard 
deviation. The mean differences among groups 
were analyzed by one-way ANOVA following the 
post hoc Tukey test. A p value less than 0.05 was 
considered statistically significant.

Results

The mean basilar artery cross-sectional area in the 
control group was 310 422.3 ±54 199.3 µm2. In the 
low-dose and the high dose groups the mean bas-
ilar artery cross-sectional areas were decreased to 
144 054.4 ±28 253.9 µm2 and 244 173.0 ±48 933.2 
µm2 respectively. When compared with the con-
trol group the decrease in the mean basilar artery 
cross-sectional area was statistically significant 
in both low-dose and high-dose groups (p < 0.001 
and p = 0.008 respectively). When the low-dose and 
the high-dose groups were compared to each oth-
er, the difference was also statistically significant  
(p < 0.001) (Figure 3). The mean basilar artery cross- 
sectional area values are shown in Table III.

The mean value of the basilar artery wall thick-
ness was 25.4 ±3.4 µm in the control group. In 
the low-dose and the high-dose groups the mean 

Table II. Intra- and inter-observer agreement limits 

Measurements Area
ICC (95% CI)

Wall thickness
ICC (95% CI)

Intra-observer agreement:

1st Observer 0.995 (0.990–0.998) 0.996 (0.993–0.998)

2nd Observer 0.999 (0.998–0.999) 0.998 (0.996–0.999)

Inter-observer agreement:

1st Measurement 0.987 (0.974–0.994) 0.986 (0.971–0.993)

2nd Measurement 0.987 (0.973–0.994) 0.980 (0.958–0.990)

ICC – Intra-class correlation coefficient, CI – confidence interval.

 Control Low-dose High-dose

Figure 3. Mean basilar artery cross-sectional areas 
of the study groups

Values are expressed as mean ± SD.
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Table III. Cross-sectional area measurements for 
groups

Groups Cross-sectional area

Control 310422.3 ±54199.3a,b

Low-dose 144054.4 ±28253.9a,c

High-dose 244173.0 ±48933.2b,c

Value of p‡ < 0.001

‡One-way ANOVA, aControl vs. low-dose (p < 0.001), bcontrol vs. 
high-dose (p = 0.008), clow-dose vs. high-dose (p < 0.001).
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value of the basilar artery wall thicknesses was 
45.2 ±2.3 µm and 37.0 ±3.2 µm respectively. When 
compared with the control group, the increase in 
the mean basilar artery wall thickness was statis-
tically significant in both low-dose and high-dose 
groups (p < 0.001 for both). When the low-dose 
and the high-dose groups were compared to each 
other, the difference was also statistically signifi-
cant (p < 0.001) (Figure 4). The arterial wall thick-
ness values are shown in Table IV.

These results show that both low-dose and 
high-dose infusions caused significant vasocon-
striction; also vasoconstriction was more signifi-
cant in the low-dose group.

Discussion

Spinal anesthesia is one of the most common 
interventions used in the daily practice of anes-
thesia. Severe neurological deficits following sub-
arachnoid administration of local anesthetic are 
rare, but when they happen they have catastroph-
ic consequences [2]. The incidence of permanent 
neurological injury after spinal anesthesia was 
reported as 1 : 20 000–30 000 [1, 13]. The most 
benign neurological complication of spinal anes-
thesia is aseptic meningitis. Furthermore, more 
severe complications such as cauda equina syn-
drome, adhesive arachnoiditis, epidural abscess, 
epidural hematoma, direct injury to the spinal 
cord, and chemical contamination of the local an-
esthetic have been reported [1, 2, 14]. 

Spinal cord ischemia following spinal anesthe-
sia is one of the suspected reasons of the post-an-

esthesia neurological deficit [2]. It is well known 
that obstruction of the blood flow to the spinal 
cord causes spinal cord infarct leading to paralysis 
or paresis [2, 15, 16]. The spinal cord is very sen-
sitive to ischemia; only 1 to 20 min of obstruction 
of the blood flow may cause paresis [16]. It has 
been suggested that during surgery under spinal 
anesthesia prolonged arterial hypotension may be 
the cause of the spinal cord ischemia [17, 18]. Nev-
ertheless, other factors are possibly involved, as in 
spinal anesthesia controlled hypotension is pro-
duced without causing neurological deficit. Vaso-
constriction caused by the direct effect of the local 
anesthetic on the subarachnoid vessels has been 
postulated to cause spinal cord ischemia [1, 2]. 

It is well documented that amino amide local 
anesthetics cause vasoconstriction at low doses 
and vasodilatation at high doses [3, 5–7, 19–22]. 
Levobupivacaine (an S-isomer of bupivacaine) is 
a recently developed amino amide local anesthetic 
that belongs to the n-alkyl-substituted pipecholyl 
xylidine family [4]. With its unique structure, lipid 
solubility and potency are increased [4, 23]. Vaso-
constrictive potency of levobupivacaine has been 
widely studied [3, 5–12]. Direct administration of 
levobupivacaine caused significant vasoconstric-
tion in rat aorta [3, 5–7], microvessels of the rat 
sciatic nerve [8], peripheral human skin [9, 10] 
and also in tonsillectomy and nasal areas [11, 
12]. Levobupivacaine is clinically used at concen-
trations of 0.25% to 0.75% for spinal anesthesia 
[7, 24]. Levobupivacaine has been shown to exert 
vasoconstrictive effects in concentrations ≤ 0.25% 
[10, 12]. Newton et al. [9, 10] studied the human 
skin blood flow changes with different concen-
trations of levobupivacaine and bupivacaine and 
demonstrated biphasic effect on skin microves-
sels. Both anesthetics caused vasodilatation at 
higher doses and vasoconstriction at lower doses.

Levobupivacaine was shown to increase intra-
cellular calcium concentration, resulting in vaso-
constriction in isolated vessels [5]. A  change in 
the concentration of the cytosolic free calcium 
is responsible for the calcium-dependant mecha-
nism of vascular smooth muscle constriction [25].  
Calcium is mobilized from the sarcoplasmic retic-
ulum to increase the cytosolic free calcium con-
centration, which stimulates the binding of cal-
cium to calmodulin, leading to vasoconstriction 
[25]. Levobupivacaine-induced vasoconstriction is 
also mediated by lipoxygenase pathways, which 
seems to facilitate calcium influx via voltage-op-
erated calcium channels, and this mechanism is 
assumed to be the main mechanism of the vaso-
constriction [3]. Also, lipid solubility of the local 
anesthetic is correlated with the vasoconstrictive 
effect, and levobupivacaine is a  highly lipid-sol-
uble local anesthetic [6]. Eventually, it has been 

Table IV. Wall thickness measurements for groups

Groups Wall thickness

Control 25.4 ±3.4a,b

Low-dose 45.2 ±2.3a,c

High-dose 37.0 ±3.2b,c

Value of p‡ < 0.001

‡One-way ANOVA, aControl vs. low-dose (p < 0.001), bcontrol vs. 
high-dose (p < 0.001), clow-dose vs. high-dose (p < 0.001).

 Control Low-dose High-dose

Figure 4. Mean basilar artery wall thicknesses of 
the study groups

Values are expressed as mean ± SD.

W
al

l t
hi

ck
ne

ss
 [m

m
2 ]

50

40

30

20

10

0



Vasoconstrictive effects of levobupivacaine on the basilar artery in the rabbit 

Arch Med Sci 3, June / 2015 659

widely accepted that levobupivacaine has a  po-
tent vasoconstrictive effect [3, 5–10]. Newton et 
al. [10] showed that levobupivacaine caused net 
vasoconstriction at 20 min from baseline. So, in 
the present study, we decided on a time to scarifi-
cation of 30 min after the start of levobupivacaine 
administration.

As mentioned, the vasoconstrictive effects of 
levobupivacaine have been widely studied in rat 
aorta, sciatic nerve and human skin [3, 5–10]. No 
such study was performed to analyze the vaso-
constrictive effect of levobupivacaine on the sub-
arachnoid vessels. In this study, we evaluated the 
vasoconstrictive effect of 0.125% and 0.25% con-
centrations of levobupivacaine. Both concentra-
tions caused vasoconstriction of the basilar artery 
when administered into the subarachnoid space 
via the cisterna magna. Furthermore, the lower 
concentration (0.125%) caused more significant 
vasoconstriction when compared to the higher 
concentration (0.25%).

However, this study has some limitations. 
The number of rabbits in each group could be 
increased. Different dose- and time-dependent 
results may be investigated. Also, another limita-
tion of this study is the lack of functional outcome 
measures. 

The results of this study showed that both 
0.125% and 0.25% concentrations of levobupiv-
acaine caused significant vasoconstriction of the 
basilar artery when administered into the sub-
arachnoid space. This may constitute proof that 
subarachnoid administration of levobupivacaine 
may diminish the spinal cord blood flow, causing 
ischemia.
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