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Summary: Arterior descending branch of coronary was occluded in 33 mongre I dogs under
alpha-chloralose (80-100 mglkg iv). Nineteen animals exhibiting spontaneous ventriculiH ectopics
with in half an hour of occlusion comprised Group I. while the remaining 14 animals
unattended by ventricular ectopics were included in Group. II. Ten animals of Group I were subjec
ted to left stellate ganglion blockade (LSGS) by cooling. This resulted in complete mitigation d
arrhythmias. The ventricular ectopics were reprllcipitated pn revit'llising the left stellate ganglion
with warm water in seven of these ten animals. In other five animals of Group I mitigation of
arrhythmias by LSGB and reprecipitation by right stellate ganglion blockade (RSGS) could be
successfully alternated for two consecutive trials. The remaining four animals passed into ventricu lar
fibrillation (v. F.) before any interventiqn by LSGB could be attempted.

In nine animals of Group II. RSGB led to ventricular ectopics and ventricular tachycardia.
The pther five animals of this group when expqsed to left stellate electrical stimulation (LES)
showed occasi ona I ectopi cs.

It can be concluded from the results that prompt intervention by LSGB. in ischemia
evoked arrhythmias can bring about complete mitigation of arrhythmias. whereas RSGB following
ischemia could facilitate ectopic generation.
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INTRODUCTION

Ventricular arrhythmias may be a fatal sequel of myocardial ischemia. An increased
sympathetic activity has been incriminated for the causation of these arrhythmias (5.6);
destruction of spinal cardiac centres by spinal pithing abolished coronary artery occlusion
(CAO) induced arrhythmias (1). Bilateral stellectomy has been shown to attenuate arrhy

thmias significantly in coronary occluded dOgs (4). Si.-nilarly Harris et al. (6) noticed
significant reduction of ventricular ectopic activity and probability of ventricular fibrillation
by upper thoracic sympathectomy prior to occlusion.

Very recently. attempt has been made to explore the role of left and right stellate
ganglion separately on coronary artery occlusion-induced arrhythmias and the lone work
of Schwartz et al. (8) demonstrates that left stellate gangl ion blockade (LSG B) could abol ish

the ventricular arrhythmias resulting from transient coronary occlusions while right stellate

'Presented at IX Heart Congress of International Society of Heart Research held at Delhi - September. 1978.
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ganglion blockade (RSGB) could precipitate ventricular ectopic activity, where CAO per se
failed to do so. This finding needs further confirmation as it can be implemented in
mitigation of clinical arrhythmias ensuing after myocardial infarction. Although. Schwartz
et al. (8) have convincingly shown the different role of the two stellate ganglia, but their
study intends to show the different role of the two stellate ganglia with experimental
orien atio'l only. where effeet"of transient CAO was studied on a preblocked left or right stel
late ganglion.

In contradistinction to their study in which ganglion blockade preceded CAO, we,
for the sake of clinical application, were inspired to study the effect of left or right stellate
ganglion blockade and/or stimulation on an already coronary-occluded dog's heart. to
sim ulate cI in ical infarction.

MATERIALS AND METHODS

The experiments were performed on 33 mongrel dogs of either sex weighing bet
ween 10-118 kg. The animals were anaesthetised by alpha chloralose (80-100 mg/kg)
intravenously. Artificial respiration was instituted by room air delivered through a
coffed endotracheal tube from posItive pressure respirator set at a tidal air of 20 ml/kg and
at a rate of 18/min. Minor alteration in tidal volume was done during experimenta I pro

cedure to keep the PAo2 around 96 mm Hg and pH between 7.3 to 7.5. The body
temperature of the animal was maintained at 37°C ± 1°C by qlow lamps under the
operation table.

Femoral artery on both sides and vein on one side were cannulated. The arterial
cannulae were connected to msr'cury manometer for recording blood pressure on a smoked
INCO kymograph and to draw arterial blood samples for gas analysis respectively. A hepa
rinised polyethylene tube was negotiated into the vi en to infuse drugs. The PAo2 was de
termined with the help of Van Slykes's apparatus and standard oxygen dissociation curve.
The pH was checked by Beckman pH meter.

A solution of 5% dextrose was infused to restore the circulatory volume. In order

to obtain complete muscle relaxation succinyl choline 10 mg/kg/hr was administered
whenever necessary. Appropriate stellate ganglion was exposed by approaching through
second right and/or left intercostal space. A curved 'U' shaped metal tube was gently
passed around the stellate ganglion. The assembly for cooling or warming the stellate
ganglion was constituted by connecting two drip bottles to one end of metal 'U' through
a glass 'Y'. The other end of 'U' tube was exteriorised for drainage. The bottles were

filled with chilled water and alcohol mixture as coolant (10) and warm water, respectively.
Such two assemblies were needed for the left and right stellate ganglion. After cold block
"de, restitution of normal function was initiated by circulating warm water through the
metal tube.
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Bipolar electrodes were employed for electrical stimulation. mounted between the
two limbs of the metal tube and connected to an electronic stimulator. Square wave
pulses of 5-10 V. 5 msec duration and 10Hz were employed for stimulating stellate

ganglion.

A left anterolateral thoracotomy was performed in the fifth intercostal space.
Anterior descending branch of the left coronary artery was ligated in one stage under the
left atrial appendage to produce lasting ischaemia. simulating clinical myocardial infarction.

Electrocardiogram in the three standard limb leads and/or any of the three, was
intermittently recorded during the experiment whenever desired by needle electrodes

inserted subcutaneously.

Anima!s were divided in two groups for the puroose of experimental manoeuvre:
Firstgroup comprised of 19 animals showing frequent ectopics after coronary artery occlu

sion. Ten of them were subjected to LSGB and its revitalisation with warm water. In
other 5 animals LSGB and RSGB were alternated for two consecutive trials The
other four animals of this group passed into V.F. (ventricular fibrillation). Se
cond group had 14 animals unattended by arrhythmias after CAO. In 5 of them
left stellate electrical sTimulaion (LES) was done while in remaining 9 animals only RSGB
was performed. These experimental manoeuvres (LSGB/RSGB/LES) were over within

one and half hours of occlusion (Harris et al. 6; critical phase I and early phase II).

Analysis of data: All the complexes other than sinus were regarded as ectopics
and each ectopic was assigned the value of one for the purpose of analysis.

Post CAO stabilised blood pressure levels were compared with blood pressure
following experimental manoeuvres. Statistical analysis was done by applying Student's
't'test. The statistical significance was assigned at P<O.05. Since it was not possible
to do statistical analysis for comparison of ectopics as there were tremendous variations in
their numbers. we have taken different criteria for analysis. A 50% reduction in numbers

of maximum ectopics for any 30 seconds by LSGB was taken as significant mitigation
while reversion to sinus rhythm in response to LSGB persisting for a significant duration
was labelled as complete rnitlgation.

Corrected OT interval was calculated by the following formula as employed by
Schwartz et al. (8) to compensate for the influence of heart rate.

OT
OTe = ./-

V R-R

RESULTS

Group I (LSGB) : The ten animals of this group exhibited bursts of ventricular ectopics
and VT on being subjected to coronary artery occlusion. LSG B restored the sinus rhythm
after a short latency of about a minute from the onset of cooling during which ectopic fre
quency had started dwindling significantly (Fig. 1). Although mild diminution of heart
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TABLE I Group I (LSGB-Revita Iisation) showing heart rate in beats per min.
blood pressure in mmHg. and maximum ectopics for any 30 sec.

Dog No Post occlusion L.S.G.B. Revita /isation

HR. B.P. Ectopics HR. B.P. Ectopics HR. B.P. Ectopics

1 190 82 12 180 86 0 188 90 10

2 200 100 9 190 94 0 202 98 10

3 168 100 13 168 96 0 164 98 6

4 188 96 12 170 96 0 190 94 0

5 198 102 8 180 102 0 200 100 3

6 166 98 10 150 100 0 164 ;00 0

7 202 108 12 202 104 0 204 106 0

8 200 100 10 200 98 0 198 98 5

9 218 102 14 216 107 0 220 104 5

10 188 100 10 188 98 0 188 100 4

Mean , 91.8 98.8 184.4" 97.6 + 191.8 98.8

SE ± 4.98 ± 1.84 +6.04 ± 2.87 ± 4.98 ± 1.84

"P > 0.05 when compared with post occlusion H.R.

+P > 0.05 when compared with post occluliion B.P.

A·· · ••I . . .
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Fig. 1: Group I (LSGB). Dog 6 : White lettered panel represents blood pressure changes in mmHg and black
lettered panels show corresponding ECG changes in Lead II. Panel A shows post CAD ectopics preceding
the LSGB marker. Panel Al depicts post CAD ectopics while Az C'Jrresponds to LSGB indicating
reversion to si nus rhythm.

• ... Ventricular ectopics

LSGB - Left stellate ganglion blockade.
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rate was detectable following LSGB nevertheless it was statistically insignificant (P>O.05).

OT - interval remained unaltered. LSGB was asso~iated with transient fall in blood pres
sure which soon returned to control value. Revitalisation of left stallate ganglion following
its blockade was capable of repreciptating the ventricular arrhythmias in seven out of ten
cases (Fig. 2).

•-- ... ••• 0*'.""" .., ........ /'_ ...,"'" "" r,-- .......r_--~.. /" -

.....

• • •• • • •

Fig. 2 Group I (LSGB-Revitalisation) Dog 2 : Panel A shows post CAO ectopics preceding the LSGB marker.
Panel At shows post CAO ectopics wh ile A2 corresponds with LSGB. indicating reversion to sinus
rhythm. Panel B indicates reprecipitaiion of ventricular ectoplcs following revitalisation marker and its
mitigation after LSGB II. Panel Bt depicts post-revitalisation ectopics.
• - Ventricular ectopics
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Group II (RSGB): RSGB in all the nine animals of this group led to the appearance
of ventricular ectopics. while CAO per se induced none. In one instance RSG B precipitated
frank ventricular tachycardia (Fowlis et al. 4; criteria for VT) in two consecutive trials (Fig.3).
RSGB induced ventricular ectopics could be successfully reverted to sinus rhythm by LSGB.
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Group II (RSGB). Dog 7 : ECG changes are in Lead I. Panel A shows ventricular ectopics following
RSGB marker and abolition of ectopics following LSGB marker. ECG panel Al depicts sinus rhythm
following CAO. while panel A2 reveals ventricular tachycardia after RSGB and A3 is reversion to sinus
rhythm after LSGB,

• = Ventricular ectopics

RSGB = right stellate gang lion blockade.

There was no significant alteration in OT interval after RSGB as also the blooj
press r did not show any significant change (P> 0.05).
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Group I (LSGB-RSGB a!ternation): The antiarrhythmic and arrhythmogenic res
ponses of LSGB and RSGB respectively were successfully displayed in alternate trials in
the same experiment.

TABLE II : Group II (RSGB) : showing heart rate in beats per min.• blood
pressure in mmHg. and maximum ectopics for any 30 sec.

Dog No. Post occlusion RSGB LSGB

/-IR. B.P. EClOpics H.R. B.P. Ecropics H.R. B.P. Ecropics

1 187 110 0 214 108 3 214 108 0

2 187 86 0 212 84 4 212 84 0

3 210 100 0 166 98 6 166 98 0

4 200 88 0 200 76 2 200 76 0

5 187 98 0 212 96 5 212 96 0

6 180 90 0 210 86 8 210 86 0

7 187 100 0 214 98 V.T. 214 98 0

8 168 98 0 168 94 9 168 94 0

9 214 100 0 166 100 3 166 100 0

Mean 191 .11 96.67 195.78· 93.33+ 195.78 93.33

SE ± 468 ± 3.53 ± 12.89 ± 4.57 ± 12.89 ± 4.57

·P>0.5 when compared with post occlusion H.R.

+P>u.05 when compared with post occlusion blood pressure.

Dog No.

1
2

3
4

5

Mean
SE

TABLE III: Group II (LES): showing heart rate in beats per min. blood pressure in
mmHg. OTc interval in sec. and maximum number of ectopics for any 30 sec.

Post occlUSion LES

H.R. B.P. OTc Ecropics H.R. B.P. OTc Ectopics

198 106 o 300 0 250 114 0353 1
170 104 0.300 0 200 108 0.361 0
188 100 0.360 0 200 111 0.452 3
214 102 0.310 0 230 118 0.408 2
214 100 0.378 0 214 120 0.453 1

196.8 102.4 0.330 218.8· 114.2+ 0.410@
± 8.30 ± 1 .16 ±0.0164 ± 10.54 ± 1.21 ± 0.0215

·P> 0.050 when compared with post occlusion H.R.
+P< 0.001 when compared with post occlusion B.P.

@P< 0.050 when compared with post occlusion OTe.
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Group II (LES): LES was accompanied by occasional ventricular ectopics in five
animals of this group where CAO was devoid of any ectopic (Fig.4). Transient biphasic
type of singificant blood pressure fluctuations were observed (P<0001). A significant
prolongation of OT Interval (P<O.05) wvs also discernible after LES.

120

1
100

80

•

ig. 4 Group II (LES). Dog 5: Panel A shows changes in blood pressure and occasional ventricular ectopics
follOWing left stellate ganglion electrical stimulation (LES II). Panel At shows post CAD control ECG
preceding LES marker. Panel A2 depicts ECG fo 1I0wing LES II showing solitary ventricular extrasystole.

• Ventricular ectopic

LES - Left stellate electrical stimulation.

DiSCUSSION

In the present investigation we have demonstrated complete mitigation of ventri

cular ectopics consequent to a coronary occlusion by LSG B in group I animals. The
delayed onset of LSGB induced mitigation in our study can be explained by a more slowur
rate of cooling of the ganglion due to gradual circulation of the coolant. An objection can
be raised that dissipation of cooling might affect the neighbouring structures, with the
result that the cooled venous blood might be carried to the right side of the heart. which

in turn could alter the responses that we observed. But Cranston et a/. (2) have reported
that there are no temperature ~ensors in lungs and right side of the heart thus alieviatif.lg
our objection. The results with LSG B are in conformity with other works (1,8.9).
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Our study has one basic difference from the work of Schwartz et al. (8). Unlike

transient CAO in their experiments, we have employed CAO lasting throughout the ex

periments during which experimental manoeuvres on desired stellate ganglion were performed.
Conditions in our studies simulate more closely the sequence of events during clinical
myocardial ischaemia where occlusion is likely to be a lasting affair. Moreover. tremendous
difference in ectopic frequency was discernible between their transient CAO induced ecto
pics and our lasting CAO induced ectopics. The ectopic frequency that we were aole to
mitigate by LSG. was potentially dangerous, as it could pass into ventricular fibrillation
(V.F.). Similar pattern of ventricular ectopics and ventricular tachycardia evantually led
to V.F. within first 15 min of occlusion in the study of Fowlis et al. (4), Therefore, it was
postulated that if not intervened with LSGB these animals could also have passed into V.F.
as actually happened in those 4 animals who succumbed to coronary occlusion.

Bilatera! thoracic sympathectomy (including stellate ganglionectomy) has been
found to reduce ventricular ectopic activity and confer significant protection against pro
bability of ventricular fibrillation in previous studies (4.6). This protective effect of
bilateral sympathectomy is in no way different from that observed with LSGB alone in
our study. It is. therefore, reasonable to conclude that V. F. could also be prevented by
LSGB.

The precipitation of ventricular extrasystoles or ventricular tachycardia in group II
(RSGB). confirms the earlier lone work of Schwartz et al. (8). Our observations exhibiting
frank ventricular tachycardia after RSGB (Fig. 3-A2. Table II) bears a close resemblence to
one observation of the above authors (8) where a similar VT was induced by transient
CAO in the animal with RSG B. In agreement with previous work (8). it can be postulated
that RSGB has a definite arrhythmogenic effect on ischemic myocardium where ischaemia
per se is not to the extent of precipitating arrhythmia.

Akin to former study (8). the antiarrhythmic responses of LSGB and arrhythmogeric
responses of its revitalisationjRSGB could be successfully demonstrated in alternate trials
in the same animal experimeat.

LES in group II animals resulted in appearance of occasional ventricular ectopic. This
finding is further supported by the proposition of Schwartz et al. (8) that during RSGB
uninterfered left stellate ganglion would presumably be equivalent to its electrical stimu
iation: and in that event brief CAO led to occurrence of ventricular ectopics in their study.

Since the observations were fairly constant in sufficient number of animals. any
coincidence of time dependent spontaneous disappearance or reappearance of arrhythmias
after CAO (6) can be safely ruled out.
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The prolan atian of OT interval by uniiateral electrical stimulation of left steiiate

ganglion with intact right stellate ganglion would suggest an imbalance in t\iVO st'3lJate

ganglia actvity as a rroba Ie causative fa:tor fm LOTS (log OT Syndrome) as also

hypothesised v Schwartz an Malll3'll (7)

This study thus lends c,edence to the possrblity of direct therapeutic application
f LSGB in not only mitigating ischaemia induced clinicai arrhythmias but a1.30 in pl'aventing

VF. after infar tlon S,m'!ar suggestion has also been advanced by Schwart? and M Ilianl
(7) for implementing left s1e l late ablation (comparable to LSGB of our study) irl cases of

LOTS to prevent episode« of v.r.
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