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cerebral arteries before and after endoscopic
sympathectomy in patients with palmar hyperhidrosis:
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Object. The purpose of this study was to analyze the change in carotid and middle cerebral artery (MCA) hemo-
dynamics before and after endoscopic upper thoracic sympathectomy in patients with palmar hyperhidrosis (PH).

Merhods. Sixty-eight patients with PH (35 males and 33 females) for whom the average age was 24.5 *+ 10.7
years (* standard deviation) were recruited into this study. These patients all underwent routine upper T-2 sympa-
thectomy to treat their PH. Ultrasonography studies of the carotid arteries (CAs) and MCA were obtained in each
patient before and after T-2 sympathectomy. The blood flow volume, flow velocity, and resistivity index (RI) in the
bilateral common CAs (CCAs), internal CAs (ICAs), and external CAs (ECAs) were evaluated using duplex ultra-
sonography. The systolic peak velocity, mean velocity, fiastolic peak velocity, pulsatility index, and RI of the bilat-
eral MCAs were evaluated using transcranial Doppler ultrasonography. Blood pressure and heart rate were also
recorded during this study. The Student paired t-test wa used to analyze the differences between studies before and
after bilateral T-2 sympathectomy. There was a significant reduction in diastolic pressure after T-2 sympathectomy
(p = 0.003), but not in systolic pressure or heart rate. The vessel diameter was increased after sympathectomy in the
left CAs and right CCA. The T-2 sympathectomy led 10 significant elevation of blood flow volume and RI in the
left CCA, ICA, and ECA (p < 0.05). The authors found significant increases in maximum flow velocity and RI in
the left MCA (p < 0.05).

Conclusions. Patients who underwent T-2 sympathectomy demonstrated a significant increase in blood flow vol-
ume and flow velocities of the CAs and MCA, especially on the left side. Asymmetry of sympathetic influence on
the hemodynamics of the CAs and MCA was noted. The. usefulness of sympathectomy for the treatment of ischemic

cardiovascular and cerebrovascular disease deserves fu-ther investigation.

KEY WORDS « carotid artery -
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of the sympathetic nervous system on arterial

blood flow. Stimulation or inhibition of the sym-
pathetic nerves may affect both the small and the large
arteries. Findings in animal studies have indicated that
electrical or chemical stimulation of the sympathetic ner-
vous system may induce cerebral vasoconstriction,® de-
crease the ipsilateral cerebral blood flow (CBF),!3262¢ and
significantly reduce arterial stiffness and distensibility.5
In contrast, sympathetic denervation attenuates the devel-
opment of hypertrophy and the distensibility in the pial
arterioles of stroke-prone spontaneously hypertensive
rats.> However, distensibility is markedly increased in the
large arteries of sympathectomized rats.?’

A few studies in humans indicate that an increase in
sympathetic influence may lead to a reduction of radial
artery distensibility.*'? For patients with palmar hyperhi-
drosis (PH), endoscopically guided transthoracic T-2 sym-

N UMEROUS studies have demonstrated the influence
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middle cerebral artery ¢ hyperhidrosis

pathectomy can increase palmar skin perfusion and tem-
perature, reduce the amplitude of sympathetic skin re-
sponsz, and concomitantly reduce craniofacial sudomotor
activiry.?®#-» Thoracic sympathectomy may reduce the
frequency of angina attacks, raise parasympathetic activi-
ty, and lower sympathetic activity.**” Direct stimulation
of the superior cervical sympathetic nerve trunk increases
the bood flow velocity of the middle cerebral artery
(MCA.),% whereas blockade of the stellate ganglion in-
creases the ipsilateral CBF.* Since we began using this
mininally invasive procedure to treat a large number of
patients with palmar and craniofacial hyperhidrosis, we
have obtained very satisfactory results. We investigate in
this paper the influence of the upper thoracic sympathetic
chain on the blood flow volume (BFV) and flow velocity
of the carotid arteries (CAs) and MCA in patients with PH
who have undergone sympathectomy in which noninva-
sive sonographic techniques were used.
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TABLE |

Blood pressure and heart rate before and after T-2
sympathectomy in 68 patients with PH

Preop Postop Difference
Factor (mean * SD) (mean * SD) (mean = SED)
systolic blood pressure H1.0O* 143 1079 129 -3.1 * 1.6*
diastolic blood pressure 720135 675> 127 -45= 14t
heart rate 72.1 9.7 700 x9.38 -2.1%13
*p =0.06.
tp < 0.05.

Clinical Material and Methods
Study Participants

Between January and July 1997, 68 patients with PH
(35 males and 33 females) whose average age was 24.5 *
10.7 years (* standard deviation [SD}]) were recruited for
this study. Patients were excluded for the following rea-
sons: if they were receiving any drug that might affect
autonomic function directly or indirectly, or if they had
ischemic cardiac or cerebral diseases. This research was
approved by the National Science Council, and all patients
gave informed consent for the operation and the ultraso-
nography study.

Thoracic Sympathectomy for Patients With PH

The technique of endoscopic upper thoracic sympa-
thectomy has been well developed by Kao and col-
leagues®#2 and is described in detail elsewhere. Since
1991, more than 200 patients with PH have undergone this
operation at our hospital each year. Almost all patients ob-
tained satisfactory results with minimal morbidity.? The
sympathectomy technique is briefly described as follows:
the patients with PH received endotracheally induced gen-
eral anesthesia and were placed supine with both arms in
abduction. Transthoracic video-guided endoscopic abla-
tion of the T-2 sympathetic segment was performed on
each side successively in a one-stage operation. The oper-
ative procedure was monitored along with palmar skin
perfusion by using a laser Doppler flowmeter, and palmar
skin temperature was determined using the skin probe of
a telethermometer (model 43 TA; Yellow Springs Instru-
ment Co., Yellow Springs, Ohio). A significant increase in
the skin perfusion and then the skin temperature (usually
3°C) indicated a successful sympathectomy that would
lead to sufficient and long-lasting relief of PH. Both sides
of the sympathectomy were accomplished within 30
minutes.

Ultrasonography Studies

Each patient underwent an ultrasonography study 1 day
before the operation and 2 to 4 weeks postoperatively.
This study included duplex ultrasound of extracranial
CAs and color-coded transcranial Doppler (TCD) ultra-
sonography of the intracranial MCA bilaterally. A Dia-
sonic Gateway series workstation was used for measure-
ment. A 7.5-MHz B-mode imaging transducer, combined
with a 5-MHz pulsed-Doppler transducer, was used for
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measurement of the CAs. The diameter of the vessel
lumen, pezk systolic velocity, end-diastolic velocity, and
resistivity ndex (RI) were obtained in the common CA
(CCA), int:mal CA (ICA), and external CA (ECA) bilat-
erally. The insonation angle of the sampling vessels was
fixed at 60" to avoid the effect of varied angles on veloci-
ty. The BFV was automatically calculated as BFV = (time
average flcw velocity) X (cross-sectional area of the ves-
sel lumen).

A 2.0-MHz real-time and pulse-Doppler transducer was
used for thz TCD study. The proximal segment of MCA
was insonated at a depth of 50 to 55 mm through the pos-
terior temporal window.'* The systolic peak velocity,
mean velocity, diastolic peak velocity, pulsatility index
(PI), and kI were obtained bilaterally. The depth of the
sampling MCA for the same patient was identical at dif--
ferent examinations. The average bilateral brachial blood
pressure and heart rate were recorded during the ultra-
sonography study.

Statistical t.nalysis

We usec commercially available software (SPSS for
Windows; 3PSS, Inc., Chicago, IL) for the statistical anal-
yses. Values are expressed as mean = SD and mean *
standard er-or of difference (SED). Student’s paired t-test
was used for comparison between the flow velocity, BFV,
RI, and PI of the bilateral carotid and cerebral arteries be-
fore and af-er T-2 sympathectomy. Differences were con-
sidered significant at a probability level of less than 0.05.

Results

We obtaned ultrasonography studies before and after
surgery in all 68 patients. The reduction of the diastol-
ic blood p-essure after sympathectomy was significant
(mean difference + SED, 4.5 *+ 1.4 mm Hg; p = 0.003),
but the changes in the systolic blood pressure and heart
rate were less pronounced (Table 1).

The duplex ultrasonography study revealed significant
hemodynariic differences in the CAs before and after tho-
racic sympathectomy. After bilateral T-2 sympathectomy,
there was « pronounced increase in the diameter of the
CCA bilaterally and of the left ICA (p < 0.05). The peak
systolic velocity was increased in the left CCA and ICA
and in the ECA bilaterally (p < 0.05), but the end-dia-
stolic velocity was not. These increases were accompa-
nied by significant changes in RI (p < 0.01). Due to the
increase in both the diameter and the flow velocity, the
BFV in the left CCA, ICA, and ECA {(p < 0.01), and the
right ECA (p = 0.03) was significantly elevated (Table 2).

The TCD study showed significantly increased maxi-
mum flow elocity (mean * SED, 7.6 *+ 3.4 cm/sec:; p=
0.03) and increased PI and RI (p = 0.04) in the left MCA
after sympathectomy. The differences in the mean veloci-
ty of the le:t MCA and the hemodynamic changes in the

right MCA after sympathectomy were not significant
(Table 3).

Discussion

The cerebral circulation is highly and hierarchically
controlled by autoregulatory, metabolic, and neurogenic
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Cerebral hemodynamics after thoracic sympathectomy

. TABLE 2

Hemodynamics of CAs before and after T-2 sympathectomy in
68 patients with PH*

TABLE 3

Hemodvnamics of the MCA before and after T-2 sympathectomy
in patients with PH

Preop Postop Difference Preop Postop Difference
Vessel & Factor (mean * SD) (mean * SD) (mean * SED) Factor (mean * SD) (mean * SD} (mean * SED)
It CCA It side (5 patients)
diameter (mm) ST7+04 588 036  0.11 = 0.03t peak systolic velocity 1027 229 1104 * 297 7.6 = 3.4+
BFV (ml/min) 3406 = 654 373.7 £ 331 331 = 1t peak diastolic velocity 492 = 171 505 *226 1.2 23
PSV (cm/sec) 98.0 £ 20.8 1050 * 21.1 6.9 * 2.61 mean v:locity TE8 =214 T46*226 2726
EDV (cmvsec) 25.1 £ 6.1 27.8 + 28.4 28 * 3.5 P 0722016 077 +0.16 005 + 0.02*
RI 0.73 + 0.04 0.75 005  0.02 * 0.01% RI 05+009 053+009 002=001*
It ICA rt side (6 patients)
diameter (mm) 4.45 + 0.38 457 +029  0.12 = 0.04§ peak systolic velocity  101.5 = 327 106.9 * 263 54 = 3.3
BFV (ml/min) 2593+ 494 2829 * 641 236 = 7.8¢ peak diistolic velocity ~ 48.5 » 178 485+ 1738 0% 21
PSV (cmvsec) 742 * 174 80.8 = 17.7 6.6 = 24§ mean v :locity 709%24  737+191 2824
EDV (cmisec) 292 *7 29.2 > 8.7 009 P 076 = 0.13 08 =0.14 003 * 0.02
RI 0.6 = 0.06 063 =006 003 001t RI 0.52 2006 054 007 002 % 00!
It ECA *
diameter (mm) 3.78 + 0.4 384029  0.06* 0.05 p < C.05.
BFV (mU/min) 1122395  131.0 %345 187 * 4.8%
PSV (crw/sec) 708 + 22 847 234 139 +28¢%
EDV (cmisec) 134 * 3.6 147 + 43 1.3 £ 0.6%
]éICA 0.8 =004 082=003 002+ 001 cerebra vasoconstriction and decrease CBF significant-
ne . ly.8132622 Umeyama, et al.,* reported that blockade of stel-
g';r\’,‘e(ﬁ/ﬁg) 32'5?? ; ?'1535.8 382:2 N 2'55_1 gﬁ: i ?‘3937 late ganglia would increase CBF in the ICA territory.
PSV (cm/sec) 957 +31.3 1019 + 19.4 6.2 + 4.1 Wahlgren, et al.,* demonstrated an increase in flow veloc-
EDV (cm/sec) 252+ 64 228 +39 -2.4 * 0.8% ity in tre MCA after superior cervical sympathetic nerve
RI 0.74 0.0 077 £ 005  0.03 = 0.01% trunk stimulation. '
nICA Since 1990 we have treated a large number of patients
diameter (mm) 24'49 031 ‘;'256 04 007004 with PH by means of transthoracic T-2 sympathectomy
Bvven  PIiE TEIND DTS andhavenotoodta mos paems o xperncedcon
EDV (cmv/sec) 293+ 179 284 * 6.6 09 + | comitar t reduction in their craniofacial sweating postop-
RI 0.6 * 0.1 0.62 006 0.2+ 001 erativel .22 Subsequently, we have used endoscopic
n ECA T-2 sympathectomy to treat patients with distressing cra-
diameter (mm) 3.78 £ 0.44 384038 006005 niofaciel hyperhidrosis and this has been proven to be a
gg\‘// ((:r‘ru)/‘s’::)) 1%'3 * ‘2‘(2) 122.? * g? ; 12.3 = 318 ; simple und effective therapy.” Based on this observation,
EDV (cm/sec) 149+ 49 15524 0607 we belicve that T-2 sympathectomy might also have a sub-
RI 0.81 * 0.04 082+004 001 = 0014 stantial effect on vasomotor activity in the craniofacial
— - - - region.
; ED<VO=08r;d diastolic velocity; PSV = peak systolic velocity. HOW(EVCI‘, to our knowledge, Fhere has })ecn .no repqrt
p < 0.05. concerning cerebral hemodynamic change in patients with
§p <001 PH after thoracic sympathectomy. In the present study

mechanisms.'**3! Although cerebral vessels are richly in-
nervated, the role of neurogenic regulation of cerebral cir-
culation is undetermined. The walls of the cerebral arter-
ies are densely innervated by nerve fibers, among which
sympathetic fibers originating from the superior cervical
ganglion and extending to the cerebral arteries through the
ICA have been well demonstrated. 01518

Studies of sympathetic influence on the cranial vessels
in humans are rare and the importance and significance
of sympathetic effects on cerebral hemodynamics is still
controversial.'® During normotensive conditions, electri-
cal stimulation of sympathetic nerves apparently has little
effect on CBF in cats and dogs,>'” and only a modest effect
in rabbits and monkeys."™* There is evidence that large
cerebral arterioles are controlled neurogenically, whereas
smaller vessels are controlled chemically.'” Some studies
have revealed that electrical or chemical stimulation of
the sympathetic nervous system in animals may induce
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we usec noninvasive sonographic techniques to study the
cerebral hemodynamic change in our patients with PH
before and after sympathectomy: duplex ultrasound for
extracranial arteries and color-coded TCD for intracranial
arteries. We found that ablation of the bilateral T-2 ganglia
leads to a significant increase in the diameter, flow veloc-
ity, and BFV of the CAs, and the left MCA flow velocity.
The increase in CA BFV was probably caused by vasodi-
lation and increased flow velocity after sympathectomy.
Anatomically, the upper third or fourth thoracic, stel-
late, and! cervical sympathetic ganglia receive the pregan-
glionic fibers from the upper four thoracic segments of
spinal cord and direct the postganglionic fibers to the tar-
gets, including the cranial vessels and heart.” Although the
cerebral arteries are innervated by sympathetic nerve fi-
bers tha: originate mainly from the superior cervical gan-
glion, b ockade of the stellate ganglion still can increase
CBF”" a1d removal of a part of the upper thoracic sympa-
thetic cain would induce some changes in vasomotor
activity in the cranial vessels.? Our study clearly con-
firmed that limited T-2 sympathectomy for the treatment
of PH c¢>uld result in an increase in the arterial diameter,
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flow velocity, and BFV of the CAs, and the systolic
peak velocity, RI, and PI of the MCA, especially on the
left side.

Asymmetry in the changes in the CA and MCA hemo-
dynamics caused by sympathectomy was also found in
this study; the effect was more prominent on the left than
on the right side. Lateralization of sympathetic function
has been found at the level of the inferior cervical gan-
glion.®% In addition, based on our observation of a large
number of patients with postsympathectomy PH, it is very
impressive that more than 90% of the complications of
Horner’s syndrome occurred in the left eye; nevertheless,
all of these patients were treated using the same method,
namely transthoracic T-2 sympathectomy. We postulate
that the left T-2 segment may send more sympathetic fi-
bers to the craniofacial region than the right segment, so
that left T-2 sympathectomy may result in a higher risk of
producing Horner's syndrome than right T-2 sympathec-
tomy." The sympathetic innervation of the heart is also
asymmetrical." Stimulation of the left stellate ganglion
produces a higher incidence of arrhythmia than stimula-
tion of the right.? Right/left hemisphere inactivation de-
livers asymmetrical sympathetic consequences, '+ proba-
bly because the distribution and density of the sympathet-
ic nerves on the cerebral arterial walls vary at the same
ganglion level. The left T-2 ganglion may have greater
sympathetic influence on the carotid and cerebral arteries
than the right T-2 ganglion.

Open thoracic sympathectomy was performed in pa-
tients with hyperhidrosis or angina pectoris in the era of
the 1940s to 1960s.® This open method constituted major
surgery that led to a high complication rate, and it was
abandoned until the new technique of transthoracic endo-
scopic sympathectomy emerged. Because of its simplicity
and minimal invasiveness, endoscopic thoracic Sympa-
thectomy was recently advocated for treatment of angina
pectoris.***” Our study demonstrated that even limited T-2
sympathectomy can increase flow volume and velocity in
the cerebrovascular system. It is reasonable to expect that
more extensive sympathectomy including the lower por-
tion of the T-1 (to avoid the risk of producing Horner’s
syndrome) and T-2 segments might induce a more sub-
stantial effect on cerebral hemodynamics. Consequent-
ly, application of this minimally invasive sympathectomy
technique to the treatment of ischemic cardiovascular and
cerebrovascular diseases deserves further investigation.
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