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as assessed by transcranial Doppler ultrasonography

M. M. Gupta', P. K. Bithal'*, H. H. Dash’, A. Chaturvedi' and R. P. Mahajan>

'Department of Neuroanaesthesiology, All India Institute of Medical Sciences (A.LLM.S.), New Delhi, India.
2University Department of Anaesthesia and Intensive Care, Queen’s Medical Centre, Nottingham, UK

*Corresponding author. E-mail: pkbithal @ hotmail.com

Background. Stellate ganglion block (SGB) causes vasodilatation in the skin of the head and neck
because of regional sympathetic block. Its effects on cerebral haemodynamics, in health or in
disease, are not clear. We evaluated the effects of SGB on ipsilateral middle cerebral artery flow
velocity (MCAFV), estimated cerebral perfusion pressure (eCPP), zero flow pressure (ZFP),
carbon dioxide reactivity (CO,R) and cerebral autoregulation using transcranial Doppler
ultrasonography (TCD).

Methods. Twenty male patients, with pre-existing brachial plexus injury, and undergoing SGB for
the treatment of complex regional pain syndrome of the upper limb, were studied. For SGB, 10 ml
of plain lidocaine 2% was used and the onset of block was confirmed by presence of ipsilateral
Horner’s syndrome. The MCAFV, eCPP, ZFP, CO,R, and cerebral autoregulation were assessed
before and after SGB using established TCD methods. The changes in these variables were
analysed using Wilcoxon’s signed rank test.

Results. The block caused a significant decrease in MCAFV from median (inter-quartile range)
value of 61 (53, 67) to 55 (46, 60) cm s~ ', a significant increase in eCPP from 59 (51, 67) to
70 (60, 78) mm Hg, and a significant decrease in ZFP from 32 (26, 39) to 25 (16, 30) mm Hg. There
were no significant changes in CO,R or cerebral autoregulation.

Conclusion. The increase in eCPP, decrease in ZFP, and no changes in CO,R or cerebral
autoregulation suggest that the SGB decreases cerebral vascular tone without affecting the
capacity of the vessels to autoregulate. These effects may be of therapeutic advantage in relieving
cerebral vasospasm in certain clinical settings.
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Stellate ganglion block (SGB) has an established use in
treating patients with disorders mediated by the sympathetic
nervous system in which pain and/or circulatory insuffi-
ciency are predominant symptoms. These disorders include
post-herpetic neuralgia' and complex regional pain syn-
dromes, such as reflex sympathetic dystrophy.? In addition,
SGB has also been used, albeit somewhat controversially, in
management of traumatic brain oedema,3 schizophrenia,4
and complicated cervical migraine.” Recently, however,
the use of cervical sympathetic block has been described
in reversing delayed ischaemic neurologic deficit following
aneurysmal subarachnoid haemorrhage.®

The cerebral blood vessels, in particular the pial vessels,
have a dense non-adrenergic sympathetic nerve supply that
originates mainly in the cervical ganglia and accompanies

the carotid artery to project into the ipsilateral hemisphere.”®
There is controversy over the physiological significance of
sympathetic innervation of the cerebral vasculature and the
effect of SGB on it.°"'? The intracerebral vessels constrict in
response to cervical sympathetic stimulation and dilate when
these fibres are interrupted.”® The release and re-uptake of
neurotransmitters, such as bradykinin, which is released
during injury, can be prevented by sympathectomy.® A
recent report has suggested that cervical sympathetic
block may be beneficial in patients with subarachnoid
haemorrhage® and that SGB may have therapeutic value
in relieving cerebral vasospasm in certain neurological
conditions.

Transcranial Doppler ultrasonography (TCD) has been
used to assess a number of cerebral haemodynamic
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variables.'?> These include estimated cerebral perfusion

pressure (eCPP), zero flow pressure (ZFP), carbon dioxide
reactivity (CO,R), and cerebral autoregulation. The eCPP
can be calculated from simultaneously measured values
of middle cerebral artery (MCA) flow velocity (FV),
and arterial pressure.'*'” In concept, eCPP is the difference
between the mean arterial pressure (MAP) (upstream
pressure) and ZFP (downstream pressure), hence eCPP=
MAP-ZFP. Recent studies have shown that, in patients with-
out raised intracranial pressure, the cerebral vascular tone is
the main determinant of the downstream pressure.'®"”
Therefore, changes in ZFP can be taken to reflect changes
in vascular tone.

The physiological effects of SGB on cerebral haemo-
dynamics, which include eCPP, ZFP indicating cerebral
vascular tone, CO,R, and cerebral autoregulation, are not
well described in the literature. This is an important point of
reference, and also indicates whether or not SGB has any
unwanted effects on the cerebral blood vessels. In particular,
any loss of cerebral autoregulation or CO,R would indicate
inability of cerebral vessels to respond to changes in
systemic arterial pressure or carbon dioxide, respectively.
Also, disturbances in cerebral vascular reactivity or cerebral
autoregulation can be associated with poor neurological
outcome. '

We aimed to study the effects of SGB on cerebral
haemodynamic variables including MCAFV, eCPP, ZFP,
CO,R, and cerebral autoregulation using TCD in patients
with no evidence of intracranial pathology.

Materials and methods

We studied 20 consecutive male patients, aged 18-55 yr
and ASA I, who presented with a pre-existing brachial
plexus injury, and were to undergo SGB as part of treatment
for chronic pain resulting from sympathetic dystrophy. The
hospital ethics committee approved the study and written
informed consent was obtained from all subjects. The
patients were excluded if they had previously undergone
intracranial surgery, or suffered from pre-existing cardiovas-
cular, carotid artery, neurological, respiratory, or metabolic
disorder. They were also excluded if SGB was contra-
indicated as a result of the presence of coagulation disorders
or history of drug allergy.

The study was performed in a quiet room with the subject
in the supine position. Peripheral i.v. access was secured on
the contralateral upper limb. Monitoring consisted of ECG,
non-invasive arterial pressure, end-tidal carbon dioxide
(PE202)7 and oxygen saturation (Sp,,) (Datex Engstrom
AS/3 multiparameter monitor, Datex Engstrom Helsinki,
Finland). The PEc,, was monitored continuously using a
mouthpiece in conjunction with a nose clip. The ipsilateral
MCA was located through the temporal acoustic window
using a 2 MHz transcranial Doppler ultrasound probe
(FOUR-VIEW™ RIMED LTD, Israel), at a depth of
50-55 mm. The identity of the MCA was confirmed by

using standard criteria.'> The transcranial Doppler ultra-
sound probe was fixed at a constant angle using a headband
and a stable continuous tracing of waveform of MCAFV was
established. While breathing room air, the values of baseline
systolic, diastolic, and mean MCAFV and arterial pressure,
along with heart rate, PE(:02 and Sp,, were recorded.

The following haemodynamic variables were assessed or
calculated.

The eCPP was calculated by using the method described
by Belfort and colleagues'* and recently validated by
Athanassiou and colleagues'”

¢CPP=MFVx(MBP-DBP)/(MFV-DFV).

Where, MBP and DBP are mean and diastolic arterial
pressures, and MFV and DFV are mean and diastolic MCA
blood flow velocities.

The ZFP was calculated using the following formula:'*

ZFP=MAP-eCPP.

CO,R was measured while breathing room air. The
patients were asked to increase the rate and depth of their
breathing sufficient to decrease end-tidal carbon dioxide
by 1-1.5 kPa from the baseline. Once steady state was
achieved, arterial pressure, PE’C02 and MCAFV were recor-
ded. CO,R was defined as the percentage change in mean
MCAFV per kPa change in PEéoz~13

Cerebral autoregulation was assessed by the transient
hyperaemic response test (THRT) using transient hyper-
aemic response ratio (THRR) as the index of autoregulation.
The test was carried out by compressing the common carotid
artery ipsilateral to the insonated MCA for 10 s, followed by
sudden release of compression.'® Criteria for the acceptance
of a THRT were:

e A sudden and maximal decrease in flow velocity at the
onset of compression.

e Stable heart rate for the period of compression.

e Steady Doppler signal for the duration of compression.

e Absence of flow transients following release of
compression.

THRR was calculated as described by Mahajan and
colleagues'®

THRR=F3/FI.

Where F1 is the mean MCAFV calculated immediately
before compression and F3 is the mean MCAFV immedi-
ately after the release of the compression.

For calculating the TCD variables the time averaged mean
of outer envelope of the flow velocity profile was used.

All the measurements including heart rate, MAP, PE:}Oz’
Sp,, and MCAFV were continuously displayed throughout
the nstudy. The tests for cerebral autoregulation and CO,R
were performed before (baseline) and after SGB.

The SGB was performed using anterior paratracheal
approach with 25-gauge needle under full aseptic conditions
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and lignocaine hydrochloride 2% (10 ml) was given. After
10-15 min, onset of SGB was established by the presence of
an ipsilateral Horner’s syndrome along with pain relief.
After establishing SGB, simultaneous recordings of
MCAFV and arterial pressure were taken to calculate
eCPP and ZFP; also measurements were made to assess
CO,R and cerebral autoregulation. If any complication
arose during or after performing SGB, or in the event of
unsuccessful block, the study was abandoned.

On the basis of previous studies,1920 we calculated that
20 patients would be required to detect a 20% change in
the value of ZFP with 90% power (3=0.9) at a significance
level of a<0.05 assuming 30% coefficient of variation for
the values. The data were analysed for normality in distri-
bution using Anderson—Darling test. Since some data were
not distributed normally all the changes in different vari-
ables before and after SGB were analysed using Wilcoxn’s
signed rank test; P<0.05 was considered to be significant.

Results

The 20 adult male patients who completed the study had a
median (interquartile range) age of 28 (22, 39) yr and weight
of 60 (56, 70) kg. Fourteen patients underwent right-sided
and six left-sided SGB. The SGB was successful in all the
patients. The presence of successful block was established
between 10 and 20 min, and all the measurements during
established block were taken between 15 and 30 min after
the injection of local anaesthetic.

The haemodynamic measurements and PE,, before and
after the block were stable, and no significant changes were
noted (Table 1). The block caused a significant decrease
(P<0.05) in MCAFV from a median (inter-quartile range)
of 61 (53, 67) to 55 (46, 60) cm s~ . Despite no change in
MAP (Table 1), the eCPP increased significantly from
59 (51, 67) to 70 (60, 78) mm Hg (P<0.01); this was because
of significant corresponding decrease in the downstream
vascular tone as indicated by a decrease in ZFP from
32 (26, 39) to 25 (16, 30) mm Hg (P<0.05). The values
of CO,R [26 (18, 27)] and THRR [1.26 (1.14, 1.42)]
did not change significantly after SGB [22 (17, 24) and
1.27 (1.13, 1.16) respectively] (Table 2).

Discussion

In this study, we have shown that, in patients with no central
neurological disorder, SGB produced significant decreases
in ZFP, a surrogate measure of cerebral vascular tone. !> 713
Our results suggest that, despite this decrease in the tone, the
capacity of cerebral vessels to autoregulate, or to react to the
changes in carbon dioxide, remained unchanged. We believe
that these findings are in support of the recently suggested
use of cervical sympathetic block to relieve cerebral vascu-
lar spasm in patients with subarachnoid haemorrhage,® and
provide a starting point for further studies in patients with

Table 1 The median (interquartile range) values of HR, MAP, PELOZ, and
MCAFV before and after SGB. “"P<0.05

Before SGB After SGB
HR (beats min~') 72 (66, 76) 75 (60, 83)
MAP (mm Hg) 90 (85, 93) 92 (86, 100)
PE,, (kPa) 53 (5.1,5.3) 53 (5.1,5.3)
MCAFV (cm s~ 61 (53, 67) 55 (46, 60)*

Table 2 The eCPP, ZFP, CO,R, and THRR before and after SGB. The values are
given as median (interquartile range)

Before SGB After SGB P-value
eCPP (mm Hg) 59 (51, 67) 70 (60, 78) 0.002
CO,R 26 (18, 27) 22 (17, 24) NS
THRR 1.26 (1.14, 1.42) 1.27 (1.13, 1.16) NS
ZFP 32 (26, 39) 25 (16, 30) 0.04

neurological disorders so that informed decisions can be
made about the judicious use of SGB in clinical settings.
The decrease in cerebral vascular tone in this study can
be explained on the basis of block of cervical sympathetic
nerve activity. Anatomically, the stellate ganglion contains
the cell bodies of the inferior cervical ganglion and the first
thoracic sympathetic ganglion; therefore, the sympathetic
post-ganglionic fibres that supply the upper arm, neck,
and head. The sympathetic pre-ganglionic fibres that make
synaptic connection with post-ganglionic neurons in the
upper and middle cervical ganglia pass through the
stellate ganglion.” The cerebral vasculature receives a
non-adrenergic sympathetic nerve supply mainly through
the fibres that originate in the cervical ganglion, accompany
the carotid artery, and project into the ipsilateral cerebral
hemisphere.”® The vasodilatation of the cerebral vascu-
lature induced by cervical sympathectomy has been shown
to increase regional cerebral blood flow in healthy volun-
teers” ' ' 2 and patients with subarachnoid haemorrhage.’
There are few reports on the changes in cerebral blood
flow velocity following SGB, and the results are controver-
sial. Ono and colleagues'' reported that MCAFV did not
change, but Ohinata and colleagues'? found an increase
in carotid and vertebral blood flow velocity after SGB.
Treggiari and colleagues® reported that after cervical sym-
pathetic block there was increased cerebral circulating time
determined by angiography, indicating a decrease in cere-
bral blood flow velocity. The flow velocity through a blood
vessel is directly proportional to the total blood flow and
inversely proportional to the diameter of the vessel.'> We
have shown a small but significant decrease in MCAFYV after
SGB in our study. The changes in MCAFV can be taken to
reflect the changes in cerebral blood flow only if it can be
assumed that SGB had no effect on the diameter of MCA.
This is one of the limitations of TCD methodology and
this study.'® It has been proposed that larger blood vessels
(>50 pm in diameter) are under neural control whereas
smaller ones are controlled chemically.7 823 Therefore, it is
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possible that in our study SGB may have changed MCA
diameter and, under these circumstances, the cerebral
blood flow would be normal or increased. However, the
other variables that we studied, that is eCPP, ZFP, THRR,
and CO,R are unlikely to be affected by changes in vascular
diameter as the calculation of these variables are based on
the ratios (and not absolute values) of MCA flow velocities.

Estimation of ZFP as a surrogate measure of cerebral
vascular tone has gained importance recently.'® It has
been shown that, in patients without raised intracranial
pressure, cerebral vascular tone is the main determinant
of ZFP or the effective downstream pressure of cerebral
perfusion, so that eCPP=MAP-ZFP.'® Thus, manipulation
of ZFP may be an effective tool in modifying cerebral
perfusion pressure without changing the MAP. A number
of methods have been described to estimate eCPP
and ZFP."*'®'72% I the present study, we used a non-
invasive method of estimating cerebral perfusion pressure
and ZFP as described by Belfort and colleagues."* The
method is a modification of previously validated method
of Aaslid and colleagues.®* It calculates the eCPP using
simultaneously measured values of mean and diastolic
MCFV and arterial pressure. A recent study has shown
that this method is sensitive in assessing the changes in
cerebral vascular tone induced by carbon dioxide.'” The
method has been validated experimentally for estimating
the changes in ZFP," and has been used recently to assess
cerebral vascular tone in a clinical setting® or in the pres-
ence of vasoactive substances.'”?® Our results suggest
that SGB significantly decreases cerebral vascular tone
and thus increases eCPP. These effects have not been repor-
ted before and may explain why previous studies have
shown increased regional blood flow following SGB in
healthy subjects,”''?'** and cervical sympathetic block
benefited patients with subarachnoid haemorrhage and
symptoms of cerebral insufficiency.®

In patients with neurological disorders, disturbances in
cerebral vascular reactivity or cerebral autoregulation are
associated with poor outcome.'® Thus, it is important that
any intervention that is intended for use in patients with
neurological disorders should not impair cerebral vascular
reactivity or cerebral autoregulation. We have shown that
neither CO,R nor THRR are significantly affected by SGB.
We believe that this is an important result in the use of SGB
in clinical setting. However, further studies will be required
in patients with neurological disorders. From the physio-
logical point of view, the role of sympathetic innervation
in determining CO,R or cerebral autoregulation is not clear.
Using TCD during changes in carbon dioxide and a head up
tilt/ganglion block to augment/diminish sympathetic tone,
Jordan and colleagues®® suggested that sympathetic tone
may attenuate the carbon dioxide-induced increase in cere-
bral blood flow. On the other hand, sympathomimetics, such
as ephedrine, dobutamine, and dopexamine, do not alter
CO,R in the healthy volunteers.'® Our results suggest that
sympathetic innervation of cerebral blood vessels has little

role in determining the capacity of the vessels to react to the
changes in carbon dioxide or to autoregulate.

The present study is limited in that it was performed only
on the side of the SGB. This was because of a lack of
equipment that could give simultaneous bilateral measure-
ments of MCAFV. Therefore, the haemodynamic state on
the contralateral side is not known. The study design allows
patients to act as their own controls, but this is limited by the
lack of data after the termination of effects of SGB. The
return to the baseline of values of MCAFV, eCPP, and ZFP
after the termination of effects of SGB would have strength-
ened our findings. However, we were limited by the logistics
as we could not have confined these patients under invest-
igation for an unpredictable time period. Another option
would have been to take the measurements again in the
following few days, which was not possible as the majority
of our patients had travelled long distances. However, the
changes in MCAFV, eCPP and ZFP were consistent in our
patients and the changes in MCAFV waveform appeared
only after appearance of signs of Horner’s syndrome.

In conclusion, we have shown that SGB decreases cere-
bral vascular tone without affecting the capacity of cerebral
blood vessels to react to the changes in carbon dioxide or to
autoregulate. These results suggest that SGB may have a
therapeutic role in patients where cerebral insufficiency can
be attributed to cerebral vasospasm. Further studies of the
role of SGB in preventing or treating cerebral vasospasm in
subarachnoid haemorrhage are required.
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