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ABSTRACT

 )SGB( النجمي  العقدة  حصار  دور  على  التعرف  األهداف:  
في احلماية من أمراض القلب وإعادة إشباع اخلاليا االقفارية بعد 

التروية.

من  الفترة  االستطالعية خالل  الدراسة  هذه  أجريت  الطريقة:  
 - بايسل  عزت  إبانت  جامعة  في  2008م  اكتوبر  إلى  أغسطس 
مجموعات،   3 إلى  عشوائيًا  فأر   21 تقسيم  مت  تركيا.    – بولو 
 ،)SGB( مت حقن الفئران في احلصار العقدي )املجموعة األولى)1
معرضة  كانت  التي  الفئران   )P( مجموعة   )2( الثانية  املجموعة 
لإلقفار ثم فترات إعادة التروية ملدة 5 دقائق، ومجموعة التحكم 

)3( مت حقنها مبحلول مائي.

النتائج:  خالل فترة الربط، كانت مدة اضطراب االنتظام أقصر 
عند املجموعة )2( املسبقة التكيف مقارنة مبجموعة التحكم )3( 
و   ،)1( في مجموعة  االنتظام  اضطراب  مؤشر  كان    .p<0.001
املجموعة )2( املسبقة التكيف أقل مقارنة مع مجموعة التحكم 
التروية  التروية، مدة اضطراب  )p<0.001( )3(.  في فترة إعادة 
الدراسة  مجموعات  عند  إحصائي  بشكل  مختلفة  تكن  لم 
)p>0.05(.  أن مؤشر النظم أقل في املجموعة املسبقة التكيف 
مقارنة مع مجموعة التحكم )p<0.02(.  كان اضطراب االنتظام 
منخفض في كال من فترات إعادة التروية و اإلقفارية في مجموعة 
)1(.  مت قياس حجم اإلحتشاء وكان منخفض بشكل إحصائي 

.)p<0.001( في كل املجموعات

 SGB خامتة:  تؤدي املعاجلة األولية حلصار العقدة النجمي األيسر
اإلحتشاء  تقليل حجم  و  االنتظام  اضطراب  مؤشر  انخفاض  إلى 
مقارنة مع مجموعة  الفئران  قلوب  لتروية  في محضر الجندروف 

التحكم 3، و ليس في املجموعة املسبقة التكيف 2.

Objectives: To investigate the role of stellate ganglion 
blockade )SGB( in cardio-protection against ischemia 
reperfusion injury.

Methods: This prospective randomized, experimental 
study was carried out between August and October 
2008 in the Department of Anesthesia, Abant Izzet 
Baysal University, Bolu, Turkey. Twenty-one rats 
were randomly divided into 3 groups; group 1 - SGB 

group )rats with percutaneous ganglion blockade(, 
group 2 - preconditioned )P( group )rats that were 
subjected to ischemia and then reperfusion periods 
for 5 minutes(, and group 3 - control group )rats that 
were injected with normal saline(.

Results: During the ligation period, the length of 
arrhythmia was significantly shorter in group 2 
compared with group 3 )p<0.001(. The arrhythmia 
score in groups 1 and 2 was significantly lower 
compared with group 3 )p<0.001(. In the reperfusion 
period, the length of arrhythmia was not significantly 
different in all study groups )p>0.05(. But the 
arrhythmia score was significantly lower both in group 
1 and group 3, compared with group 2 )p<0.02(. Both 
in the ischemic and reperfusion periods, the incidence 
of arrhythmia was lowest in group 1. The infarct size 
was measured significantly less in groups 1 and 2 
compared with group 3 )p<0.001(.

Conclusion: Pretreatment with the left SGB leads to 
lower arrhythmia scores and reduced infarct size in 
the Langendorff-perfused rat hearts compared with 
group 3, but not with group 2.
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Preconditioning refers to the procedural, or 
pharmacological methods employed to reduce 

endothelial injury to an organ due to reperfusion after 
a certain period of ischemia. With specific regard to 
the heart, one of the most important requirements of 
preconditioning is to reduce the incidence of arrhythmia 
and the infarct size. Recently, pre-ischemic and post-
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ischemic treatments with short lasting ischemia or drugs 
have been shown to protect the heart against infarction, 
and to promote myocardial cells in standardized 
experimental protocols.1 The heart does not possess 
the specific sensorial innervation required to conduct 
pain, so this task is carried out by the cervicothoracic 
sympathetic ganglia, including the stellate ganglion 
)SG(. These fibers are located dominantly on the left 
side of the neck and joined bilaterally with the SG 
in the neck. The sympathetic afferent nerves play an 
important role in the conduction of cardiac pain.2 

The interruption of sympathetic afferent pathways by 
surgical, percutaneous, or pharmacological interventions 
can influence anginal pain,3 and these interventions are 
used as one of the treatment modalities for refractory 
angina pectoris. Research had shown that preemptive 
stellate ganglion blockade )SGB( prevents vasospasm 
in the left radial artery graft during coronary artery 
bypass surgery )CABG(, and leds to a low incidence of 
intraoperative atrial fibrillation, inotropic drug needs, 
and elevation of the ST segment.4 The aim of this study 
was to investigate the preconditioning effects of SGB 
on cardiac ischemia/reperfusion by measuring the 
incidence of arrhythmia and infarct size.

Methods. This prospective study was carried out 
between August and October 2008 in the Department 
of Anesthesia, Abant Izzet Baysal University Bolu, 
Turkey. 

Animals and myocardial ischemia model. In the 
present study, 21 male Sprague-Dawley rats weighing 
200-220 grams were used. The use of animals was 
reviewed and approved by the Animal Care and Use 
Committee of the Abant Izzet Baysal University. 
The rats were housed individually in cages, and were 
allowed free access to standard rat chow before the 
experiments began. The animal rooms were windowless 
at a temperature of 22 ± 2°C with lighting controls. 
For every 100 grams of rats, 10 mg of thiopental was 
administered intraperitoneally for anesthesia induction. 
After observation during sedation, the rats were kept on 
a heating table to preserve their body temperature. The 
animals were randomly separated into 3 groups, each 
group containing 7 rats )Figure 1(. For group 1 )SGB 
group(: 20 minutes after the anesthetic procedure, a 
left stellate blockade was performed using a new lateral 
percutaneous approach, that has been described before 
in the literature.5 Plain bupivacaine 0.25%, 0.2 mL 
was given percutaneously after a negative aspiration. 
The rats were observed for ptosis on the left side as an 
indicator of successful SGB. The thorax was dissected, 
afterwards the left coronary artery )LCA( was ligated. 
Rats underwent ischemia by LCA ligation for 30 
minutes followed by reperfusion for 120 minutes. 

For group 2 )preconditioned group(: 30 minutes after 
anesthesia induction, the thorax was dissected, and 
the LCA was ligated. The rats underwent ischemia by 
LCA ligation for 5 minutes, followed by reperfusion 
for 5 minutes. The ischemic period was repeated for 30 
minutes followed by reperfusion for 120 minutes. For 
group 3 )control group(: after anesthetic induction, a 
left stellate blockade was performed using a new lateral 
percutaneous approach previously described.5  Saline 0.2 
mL was given percutaneously after negative aspiration. 
The thorax was dissected, and the LCA was ligated. 
The rats underwent ischemia by LCA ligation for 30 
minutes, followed by reperfusion for 120 minutes. 

Ventilation, cannulation, and thoracotomy 
procedures. The rats were cannulated via tracheotomy 
after the induction of general anesthesia, and were 
ventilated )0.9 mL/100g at 60 strokes/minute( by 
means of a rodent ventilator )Rodent ventilator 683, 
Harvard Apparatus, Cambridge, MA, USA(. A vessel 
cannula was inserted into the right carotid artery of the 
rats to monitor intravascular pressure. Bipolar ECG was 
recorded using needle electrodes, and blood pressure was 
measured from the carotid artery by a blood pressure 
transducer, and stored in a computer using the Biopac 
System )Biopac System Inc., Goleta, CA, USA, under 
authorized distribution by Commat-Ankara, Turkey(. 
The duration of arrhythmia and the heart rate )HR( 
was determined from the ECG using the BSL Pro 3.7 
software )Biopac System Inc., Goleta, CA, USA(. The 
body temperature of the rats was kept at a constant 
37°C, using a heating table. For ischemic injury, a 
left lateral thoracotomy was made, and the heart was 
removed from the chest cavities of all the rats. The LCA 
was ligated by means of a 5/0 silk suture. The experiment 
was terminated after a 120 minute reperfusion period. 

Figure 1 - The protocol for the study groups. SGB - stellate ganglion 
blockade, IPC - ischemia preconditioning control group
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In all groups, the hearts were removed at the end of 
the experiment, and were immediately exposed to a 
retrogradely administered 370C saline solution for 60 
seconds. In all groups, the hearts were resected, the 
left anterior descending )LAD( branch of the coronary 
artery was occluded, and 2 ml of 370C ethanol was 
administered through the aortic lumen in order to 
make the demarcation line between the occluded and 
non-occluded myocardial tissue clearly visible. The 
no alcohol perfused area )under risk( that remained 
in red was separated from the well-perfused area that 
appeared white. The coloring observed in these areas 
together with the slight borderline formed the basis for 
dissection of the infarcted and unaffected areas. The HR 
and the duration of arrhythmia were determined using 
ECG. The incidence of arrhythmia was analyzed by one 
blinded to the groups in accordance with the Lambeth 
Conventions,5 in terms of ventricular premature 
contractions, ventricular fibrillation )VF(, ventricular 
tachycardia, and other types of arrhythmias )extrasystole, 
bigeminy, and salvo beats(. An arrhythmia score was 
determined using the following 7-point scale: 0 - no 
arrhythmia; 1 - arrhythmia duration of <10 seconds; 
2 - duration of 11-30 seconds; 3 - duration of 31-90 
seconds; 4 - duration of 91-180 seconds, or reversible 
VF for <10 seconds; 5 - duration of >180 seconds, or 
reversible VF >10 seconds; and 6 - irreversible VF, or 
death. 

Statistics. All data were expressed as mean ± standard 
error. Differences between the groups were calculated 
using analyses of variance )ANOVA(. After the analyses 
of variances )LSD post hoc test( were calculated, the 
test groups and group 3 were compared by the use of 

student’s t-test )unpaired(. The survival rate and the 
incidence of arrhythmias were compared using the  
χ2 method )Fisher’s exact test(. All statistical analyses 
were performed using the Statistical Package for Social 
Sciences for Windows version 9.0 )SPSS Inc., Chicago, 
Illinois, USA(. Single factor ANOVA was used, followed 
by a post hoc student’s t-test. The Mann-Whitney U 
test was used to compare the groups. The arrhythmia 
incidence and scores were compared using the Z-test. 
The significance was assured with a p<0.05.

Results. The heart rate and blood pressure before 
ligation during the 30 minutes of ligation and reperfusion 
were not significantly different among groups during 
the ligation and reperfusion periods )p>0.05(.

In the ischemic period. The length of arrhythmia was 
significantly shorter in group 2 compared with group 
3 during the ligation period )p<0.001( )Table 1(. The 
arrhythmia score in groups 1 and 2 was significantly 
lower compared to group 3 )p<0.001( )Table 1(. 

In the reperfusion period. The total length of 
arrhythmia was not significantly different in all 
study groups )p>0.05(. But the arrhythmia score was 
significantly lower both in groups 1 and 3, compared 
with group 2 )p<0.02( )Table 2(. 

In the ischemic period. The incidence of arrhythmia 
was 100% in both groups 2 and 3, while 2 out of 7 of 
the rats )28%( did not show any rhythm irregularity in  
group 1 )Table 3(. 

In the reperfusion period. The incidence of 
arrhythmia was 100% in group 2, 42% in group 3, and 
29% in group 1 )Table 4(. The rate of the risk area/total 
area was not significantly different in the study groups. 

Table 1 - The duration of arrhythmia, and the score of arrhythmia measured in 30 minutes of 
ligation )n=7(.

Groups Length of arrhythmia, s Score of arrhythmia

VPC VT VF Total

Stellate blockade   31.4 ± 7.0 16.9 ± 9.0 0.0 41.2 ± 18.7 1.4 ± 0.4*
Preconditioning      16.5 ± 10.2*   1.5 ± 1.5 0.0 18.1 ± 10.2 1.6 ± 0.4*
Control 54.5 ± 11   5.7 ± 4.2 0.0 60.2 ± 11.2  3 ± 0.2

*p<0.05 )± standard error(, significant compared with controls, VPC - ventricular premature 
contractions, VT - ventricular tachycardia, VF - ventricular fibrillation

Table 2 - The duration of arrhythmias and the score of arrhythmia measured in the 30 minute  
reperfusion period )n=7(. 

Groups Length of arrhythmia, s Score of arrhythmia
VPC VT VF Total

Stellate blockade 3.3 ± 2.4 0.0 0.0 3.3 ± 2.5 0.6 ± 0.1
Preconditioning 9.3 ± 4.7 0.0 0.0 9.3 ± 4.7  1.4 ± 0.2*
Control 2.7 ± 1.4 0.0 0.0 2.7 ± 1.4 0.5 ± 0.2

*p<0.05 )± standard error(
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However, there was a significant difference in the size 
of the infarcted area, with the size in group 2 less than 
that in group 1, which in turn was less than in group 3  
)p<0.001( )Table 5(.

Discussion. In the present study, the beneficial 
effects of SGB for cardio-protection purposes by using 
the physiological pathways of the body itself in an 
experimental setting were observed. Both in the ligation 
and the reperfusion procedure, SGB provided lower  
incidence of arrhythmia, and provided a significantly 
reduced infarcted area when compared with group 3. 
The results indicate that the targeted goals of this study, 
such as, to reduce the incidence of arrhythmia and 
infarct size were attained. The protection of myocardium 
against ischemia is known as preconditioning, which 
consists of one or more repetitive periods of ischemia 
before the subsequent long ischemic interval. Although 
preconditioning has been shown to be a powerful form 
of protection, it has limited scope for clinical application 
in humans for obvious ethical and practical reasons.7 

Many kinds of drugs and a few methods such as, 
hypothermia8 and exercise )as a unique physiologic 

stressor(9 have been suggested in the literature to 
prevent myocardial cells from apoptosis and necrosis.  
The present study indicated that SGB may be a suitable 
method for reducing ischemia-reperfusion injury by 
using the pathways of the body itself. Previous research 
in a cat ganglia has shown that the SG is a complex nerve 
center with postganglionic neurons that may have the 
capacity to affect sensory functions and interneurons.9 
The SG may play a role in viscera-visceral reflexes due 
to its connections, with not only the spinal cord and 
spinal ganglia, but also the intramural ganglia and the 
medulla oblongata. A previously reported experimental 
study suggests that the afferents of cardiac sympathetic 
nerves communicating with vagus share a probable 
central representation with the brachial plexus nerve.10 
In fact, it was demonstrated that the information from 
somatosensory receptors running in the nerves of the 
brachial plexus )musculocutaneous( projects to the same 
zones as autonomic visceral information. A sympathetic 
blockade around the cervicothoracic region may induce 
vagal stimulation relatively. This means a lower heart 
beat rate and coronary vasodilatation for myocardial 
tissue. Moreover, vasodilatation may maintain even 
for ex vivo radial artery grafts.4 Therefore, it can be 
suggested that sympathectomy does have some effects on 
vascular endothelium independent of an intact network 
of nerves. We suggest that the decrease in infarct size 
and lower incidence of arrhythmia in group 1 compared 
with group 3 may be related to coronary vasodilatation, 
which is due to the sympatholytic effects of blockade.

In this study, sedation was induced with 
intraperitoneal thiopentone. Ketamine is suggested as 

Table 3 - Incidence of arrhythmia during 30 minutes of ischemia )n=7(.

Groups No arrhythmia Death during 
ischemia

Incidence of arrhythmia,
VPC VT VF BR

n (%)
Stellate blockade 2 )28( 0 )0( 5 )72( 2 )28( 0 )0( 0
Preconditioning 0 )0( 0 )0( 7 )100( 1 )14( 0 )0( 0
Control 0 )0( 0 )0( 7 )100( 2 )32( 0 )0( 0

VPC - ventricular premature contractions, VT - ventricular tachycardia,
 VF - ventricular fibrillation, BR - bradycardia

Table 4 - Incidence of arrhythmia during 30 minutes of reperfusion )n=7(.

Groups No 
arrhythmia

Death during 
ischemia

Incidence of arrhythmia,
VPC VT VF BR

n (%)
Stellate blockade 5 )71( 0 )0( 2 )29( 0 )0( 0 )0( 0
Preconditioning 0 )0( 0 )0( 7 )100( 0 )0( 0 )0( 0
Control 4 )58( 0 )0( 3 )42( 0 )0( 0 )0( 0

VPC - ventricular premature contractions, VT - ventricular tachycardia, 
VF - ventricular fibrillation, BR - bradycardia

Table 5 - The area under risk and infarct areas )n=7(.

Groups Area at risk/
total area, mm2

Infarct size /area at risk, mm2

Stellate blockade 53 ± 7  40 ± 8*

Preconditioning 57 ± 3   29 ± 4*

Control 51 ± 2 59 ± 5

*p<0.05 significant compared with controls   
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an alternative agent, having the advantage of preserving 
eye opening. Müllenheim et al11 reported ketamine to 
have a protective effect against subsequent prolonged 
ischemia in isolated rat hearts due to the opening of 
adenosine triphosphate-sensitive potassium channels, 
something which sodium thiopentone does not.12 Since 
a model for myocardial protection was investigated, and 
avoiding anesthetics could have adversely affected the 
results of the experiment, thiopentone was preferred in 
the present study.

One of the potential limitations of this study is that 
the temperature was not monitored to determine the 
success of the stellate blockade. In the present study, the 
appearance of ptosis as a sign of successful sympathetic 
blockade was accepted. It is well known that all 
general anesthetics decrease the core temperature in 
a dose-dependent manner, triggering cold defenses, 
including arteriovenous shunting, vasoconstriction, 
and shivering.13 In the present study, all the rats were 
put on a heating table to overcome peripheral heat 
loss. It is recommended that further studies should 
ideally include temperature changes to confirm )or not, 
as the case may be( the presence, and effectiveness of 
sympathetic blockade.

In the present study, it is suggested that SGB may 
have had a peri-conditioning effect, and that this long-
lasting effect was independent of the half time of the local 
anesthetic. It is true that using a method before ischemia 
does not mean providing a pre-conditioning situation. 
Moore et al14 reported that temporary sympathectomy 
by a single SGB provided a safe and effective treatment 
for refractory angina patients, and referred to the results 
as being peri-procedural. In this experimental protocol, 
limiting the effects of ganglion blockade only to the 
study interval may not have been practically possible. 
Schlack and Dinter15 showed that left SGB resulted in 
a disturbance in the left ventricle relaxation within the 
compensatory range for healthy subjects. However, the 
guidelines designed by the National Refractory Angina 
Center )NRAC(, United Kingdom and updated in 
200416 recommends outpatient temporary cardiac 
sympathectomy in the care pathway. For patients 
who have anginal pain but fail to respond to lifestyle 
changes, the NRAC recommends either SGB, thoracic  
3/4 paravertebral block, or a high thoracic epidural.

In conclusion, pretreatment with left SGB leads to 
lower arrhythmia scores only during ischemia, since 
arrhythmia scores were the highest during reperfusion 
and reduced infarct size in the Langendorff-perfused 
rat hearts compared with the control group. The effects 
of the different types of SGB )such as, repeated, post 

conditioning combined with ischemic preconditioning, 
and others( may remain a challenge for future research 
and study. 
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