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Abstract

Purpose: The aim of the current study was to investigate: 1) Whether there is
an association between age and changes in systolic blood pressure (SBP) after
stellate ganglion block (SGB), and 2) Whether gender plays a role in hypoten-
sive and hypertensive responses to SGB. Methods: We retrospectively re-
viewed SBP changes (ASBP) due to SGB, which were performed on 1641 sub-
jects. SBP 30 min after SGB was compared to the baseline values. For the age
study, average age of both sexes was calculated for six ranges of ASBP. For the
gender study, the numbers of subjects (%) in various ranges of positive and
negative values of ASBP were compared between men and women. Results:
There was a significant association between age and both increasing (p < 0.05)
and decreasing (p < 0.01) ASBP. Higher occurrence rates of negative ASBP
were found in men as compared to women. On the other hand, higher occur-
rence rates of positive ASBP were found in women as compared to men. In
addition, both men and women were found to have increasing ages as ASBP
values get more positive or more negative. Conclusions: There was an associ-
ation between age and blood pressure changes after SGB and the association is
most likely due to age-related alteration of cardiovascular functions. The dif-
ferent changes of SBP between men and women after SGB may well be attri-
butable to gender differences of autonomic nervous regulation; sympathetic
dominant man versus, parasympathetic dominant women.
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1. Introduction

Both right and left stellate ganglion block (SGB) will induce not only hypoten-
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sion but also paradoxical hypertension [1] [2]. It is well recognized that aging
process is accompanied by alterations of cardiovascular functions such as dete-
rioration of compensatory baroreflex integrity [3] [4] and fractal hemodynamics
(5] [6].

Recently, many studies revealed not only age-related but also gender-related
differences in autonomic control of heart rate and blood pressure regulation [7]
[8] [9]. There is a predominance of sympathetic vascular regulation in men
compared with a dominant parasympathetic influence in women [10]. Resting
sympathetic vasomotor tone tends to be decreased in women, and baroreflex
blood pressure buffering is less effective in women than men [11].

It was found that baroreflex sensitivity, assessed by a head-up tilt test is sig-
nificantly attenuated after either right and left SGBs [12]. However, no studies
have looked at age-related and gender differences in blood pressure changes af-
ter SGB.

The main purpose of the current study was, therefore, to investigate: 1) Wheth-
er there is an association between age and changes in systolic blood pressure af-
ter SGB, 2) Whether there are gender differences in hypotensive and hyperten-

sive responses to SGB.

2. Methods

With approval of the Ethics Committee at the Anesthesia and Pain Relief, Chi-
shukai Taneyama Clinic, April 25, 2009 (Shiojiri City, Nagano Prefecture, Ja-
pan), SBP which had been recorded routinely before and 30 min after SGB were
retrospectively analyzed for a total of 1641 (first time) and also a total of all re-
peated 49,351 successful and uncomplicated SGBs, which were performed over
14 years (2001 year to 2014 year) on 1641 patients (961 women, 58.7 + 15.7 years
old and 680 men, 56.3 + 16.6 years old). Patients did not show the signs of suc-
cessful SGB were excluded from the study. Written informed consent for the
block procedure was obtained from each patient, but no informed consent was
obtained for the study as this study was a retrospective review of routine re-
cording of SBP, and subjects’ age and sex stored in an electronic database. SBP
30 min after SGB was compared to the baseline values (ASBP) with age and
gender considerations.

Patients received a series of SGBs for various disorders, such as complex re-
gional pain syndrome type 1, thoracic outlet syndrome, cervical spondylosis,
tension headache, and etc. Patients were placed on a table in the supine position
in a procedure room with background music and a fragrance-producing unit,
and the room temperature was kept constant at 23.0°C. Systolic BP was meas-
ured from the contralateral upper arm with an automatic sphygmomanometer
and the lead II electrocardiogram was monitored continuously.

After baseline SBP measurements, a standardized blind technique of SGB was
performed by two anesthesiologist pain specialists with 6 ml of 1% mepivacaine

using the anterior paratracheal approach at the level of C6 transverse process.
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Evidence of Horner’s syndrome (ptosis, myosis and enophthalmos) on the ipsi-
lateral side was considered a successful block, and SBP was recorded 30 min after
the procedure.

For the age study, average ages were calculated for 6 different ranges ASBP;
less than —50 mmHg, between —49 and —25 mmHg, between —24 and —1 mmHg,
between 0 and +24 mmHg, between +25 and +50 mmHg and more than +50
mmHg. Non-repeated measures ANOVA followed by Bonferoni correction were
used for statistical analysis.

For the gender difference study, the number of subjects (%) corresponding to
ASBP < -1 mmHg and > +1 mmHg were compared between men and women
for the first time SGB and all repeated SGBs. Furthermore, number of men and
women (%) and their average age corresponding to negative ASBP below and
above 1x and 2 times median values (—13 and —26 mmHg) and corresponding to
positive ASBP below and above 1x and 2 times median values (+11 and +22
mmHg) were compared between two genders. Comparison was carried out us-
ing Chi square test.

All values were expressed as mean *+ SD, and statistical analysis were per-
formed using Excel Statistical Program File Excel® Statistical Program File ys-

tat2006.xls for Windows. P < 0.05 was considered statistically significant.

3. Results

Average age corresponding to 6 different ranges of ASBP was shown in Figure 1.
Average age with ASBP —50 mmHg and > +50 mmHg were significantly higher
than those with ASBP between —25 ~ —49 mmHg and +25 ~ +49 mmHg, res-
pectfully. There were significant differences between % number for men and %

number for women; more men had negative ASBP than women, and more

Age Age and ASBP after SGB
791 =
p = 0.00383 p=0.0141
74 138
70.7
69 1
64 1
61.8 62.2
59 4
56.7 56.7

H B
ASBP  ~.50 49 ~-25 24~ 0~24 25 ~ 49 50 ~
(mmHg)

Average agd’ 73.8:91  61.8:14.8  56.7:16.1  56.7¢16.3 622146 70.78.2

Cases 16 160 829 565 65 6

Figure 1. There were significant associations between average age and not only decreas-
ing but also increasing systolic blood pressure changes (ASBP). **p < 0.01, *p < 0.05.
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women had positive ASBP than men for the first time SGB and also for all re-
peated SGBs (Table 1 and Table 2).

Table 3 shows that % number for men is significantly higher than % number
for women with ASBP below the median value (-13 mmHg). Average age gets
higher in both genders when ASBP gets more negative (Table 3). Table 4 shows
that % number for women is significantly higher than that for men with ASBP
higher than both median (+11 mmHg) and x2 median values (+22 mmHg), (p <
0.01 and p < 0.05, respectively). Average age gets higher in both genders when
ASBP gets more positive (Table 4).

Table 1. Number of subjects (and %) with ASBP < -1 mmHg, = 0 mmHg and ASBP > +1
mmHg groups for men and women at the first time stellate ganglion block.

ASBP Women Men Total
<-1 555 (57.8%) 450 (66.2%)** 1005 (61.2%)
=0 30 (3.1%) 20 (3.0%) 50 (3.0%)
>+1 376 (39.1%)** 210 (30.8%) 586 (35.7%)

**p < 0.01: <—1; women vs. men (p = 0.000559), 2+1; women vs. men (p = 0.000596).

Table 2. Number of subjects (and %) with ASBP < -1 mmHg, = 0 mmHg and ASBP > +1
mmHg groups for men and women after all repeated treatments of SGB.

Women Men Total
Times 28,193 21,158 49,351
<1 15,760 (55.9%) 13,572 (64.1%)** 29,332 (59.4%)
=0 724 (3.1%) 517 (2.4%) 1241 (2.5%)
>+1 11,709 (41.5%)** 7069 (33.4%) 18,778 (38.0%)

**p < 0.01: <-1; women vs. men (p = 2.13E-76), 2+1; women vs. men (p = 7.32E-75).

Table 3. Number of subjects (and %) and average age corresponding to above and below
median values for men and women. (a) Median value: —13 mmHg; (b) Median value x
2: =26 mmHg.

(a)

Women Men

Cases (%)
ASBP < -1 mmHg

961 (100%)
555 (57.8%)

680 (100%)
450 (66.1%)

Cases Ages (y.o) Cases Ages (y.o)
<-14 254 (26.4%) 62.2 £ 14.5" 224 (32.9%)** 57.7 + 16.3"
>-13 301 (31.3%) 56.7 + 16.3 226 (33.2%) 545+ 16.3

**p < 0.01: women vs. men in lower —14 mmHg (p = 0.00424), *p < 0.01: upper vs. lower median ASBP (p =
0.0000198), *p < 0.05: upper vs. lower median ASBP (p = 0.0188).

(b)
Women Men
Cases Ages (y.o) Cases Ages (y.o)
<=27 81 (8.4%) 65.0 + 13.2% 69 (10.1%) 61.3 +16.6"
>-26 474 (49.3%) 58.2+15.9 381 (56.0%) 55.2£16.2

#p < 0.01: upper vs. lower Median x 2 (women: p = 0.000176, men: p = 0.00220).
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Table 4. Number of subjects (and %) and average age corresponding to above and below
median values for men and women. (a) Median value: +11 mmHg, (b) Median value X
2: +22 mmHg.

()

Women Men
Cases (%) 961 (100%) 680 (100%)
ASBP > 1 mmHg 376 (39.1%) 210 (30.9%)
Cases Ages (y.0) Cases Ages (y.0)
<+11 205 (21.3%) 56.6 + 16.6 117 (17.2%) 56.7 £ 16.5
>+12 171 (17.8%)** 59.6 + 14.6" 93 (13.7%) 57.8+£17.9

**p < 0.01: women vs. men in upper +12 mmHg (p = 0.00253), *p < 0.05: upper vs. lower median ASBP (p =
0.0271).

(®)

Women Men
Cases Ages (y.o) Cases Ages (y.o)
<+22 311 (32.4%) 57.2 t16.1 180 (26.4%) 56.1 +17.1
>+423 65 (6.8%)* 61.0 + 13.9° 30 (4.4%) 63.4 + 17.0°

*p < 0.05: women vs. men in upper +22 mmHg (p = 0.0444), *p < 0.05: upper vs. lower median x 2 ASBP
(women: p = 0.0395, men: p = 0.0141).

4. Discussion

The main findings of the current study were: 1) Significant associations were
found between age and not only decreasing but also increasing blood pressure
changes after stellate ganglion block (SGB). 2) Men were found to have a higher
occurrence rate of lowering blood pressure response to SGB. On the other hand,
women were found to have a higher occurrence rate of increasing blood pressure
response to SGB.
Age difference study:

It is generally accepted that aging is associated with decreased baroreflex sensi-
tivity, increasing blood pressure, and morphologically and functional changes in
vasculature [3] [4] [8] [13] [14]. Furthermore, age-related reduction in the com-
plexity of hemodynamic variability has been reported [5] [6]. By blocking the
cardiac sympathetic pathway, SGB will decrease myocardial contractility and
heart rate, resulting in hypotension, and the degree of hypotension will be de-
pending partly on the degree of baroreflex integrity. Therefore, the association
between age and decreasing blood pressure after SGB (Figure 1) is, at least in
part, due to age-related deterioration of baroreflex sensitivity. Baroreflex sensi-
tivity decreases roughly in a linear fashion from age 20 to 80 years in both gend-
ers [3]. Other possible aging processes such as pre-existing hypertension and ar-
teriosclerosis might exaggerate hypotensive response to SGB. It is also speculated
that loss of complexity of hemodynamic variability in the aging process might be
one contributing factor to enhance hypotensive response to SGB. This is because
loss for complexity of blood pressure and HR variability has been implicated in

impaired hemodynamic homeostasis [5] [6] [12] [15].
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It is not clearly understood the mechanism of paradoxical hypertensive re-
sponse to SGB. Even, severe hypertension (SBP > 200 mmHg) after SGB has
been reported [2]. It was demonstrated that SGB could paradoxically increase
tibial nerve muscle sympathetic activity, suggesting an overall increase in sym-
pathetic outflow from the central nervous system [16]. Because solution injected
around the stellate ganglions spreads to surrounding areas [17], adjacently lo-
cated vagal inhibitory afferents such as the aortic depressor nerve could be
blocked with SGB. If the vagal afferents are blocked, diminished aortic depressor
nerve discharge to the cardiovascular center in the medulla can trigger arterial
baroreflex, leading to increased sympathetic outflow from the central nervous
system.

Because of functional aging process in the vasculature [14], elder patients tend
to have exaggerated hypertensive response to laryngoscopy and endotracheal
intubation which increase sympathetic nervous activity [18]. It is, therefore,
possible that some elderly subjects had exaggerated hypertensive response to
SGB when the paradoxically increased sympathetic nerve activity occurred.

Gender difference study with age considerations:

Our study revealed that occurrence rate of decreased SBP responding to SGB
is higher in men as compared to women, and occurrence rate of increased SBP
responding to SGB is higher in women as compared to men (Tables). Many stu-
dies have shown gender differences in autonomic cardiovascular regulation [3]
[7] [10]. There is a predominance of sympathetic vascular regulation in men
compared to women. On the other hand, women have a dominant parasympa-
thetic influence as compared to men [11] [19] [20]. It is possible that cardiovas-
cular inhibitory action of SGB may be exaggerated in sympathetic predominant
men. Because women have enhanced parasympathetic activity [9] [19], it can be
speculated that even partially blocked vagal afferents could induce stronger high
pressure baroreflex, leading to higher occurrence rate of increased SBP res-
ponding to SGB as compared to men. It is interesting to note that 6 cases of se-
vere hypertension (SBP > 200 mmHg) were reported after SGB and five of six
patients were women [2].

Further analysis of SBP changes between men and women responding to SGB
was performed by dividing number of subjects into two sections by utilizing me-
dian and two times of median values of ASBP < —1 mmHg and ASBP > 1 mmHg
(Table 3 and Table 4). Occurrence rate of SBP change (—~ASBP) below one me-
dian value (-13 mmHg) is higher in men compared to women. On the other
hand, occurrence rate of SBP change (+ASBP) above one median (+12 mmHg)
but also above two median values (+22 mmHg) is higher in women as compared
to men. Thus, status of parasympathetic predominance in women may be more
influencing factor as compared to status of sympathetic predominance in men as
far as SBP changes responding to SGB are concerned.

Table 3 and Table 4 show that age of both men and women get older as SBP
changes get either more negative or positive, supporting the result of the figure.
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Limitation:

The limitations of this study are as follows: A blind technique for SGB had
been used, and blood pressure changes were retrospectively analyzed in our
study as other many previous studies in which the effects of SGB on hemody-
namics were evaluated. Recently, ultrasound-guided SGB has gained popularity
and the total amount of local anesthetics can be reduced for successful SGB.
Therefore, our results could be different if the ultrasound-guided SGB technique
had been used. It would be, therefore, interesting to study in the future, the ef-
fects of ultrasound-guided SGBs on age-related and gender-related differences in
blood pressure changes responding to stellate ganglion block.

We could not examine whether or not there were any differences in cardi-
opulmonary conditions, medical disorders, medications and smoking history
between men and women. We believe, however, that the large patient population
should warrant evaluating gender-related differences in blood pressure respond
to SGB.

In summary, it was found that there was an association between age and not
only decreasing blood pressure but also increasing blood pressure after stellate
ganglion block, presumably due to age-related deterioration of cardiovascular
functions. Increased sympathetic activities in men and enhanced parasympa-
thetic activities in women may be contributing factor for a higher occurrence
rate of decreased blood pressure in men and higher occurrence rate of increasing

blood pressure in women, responding to stellate ganglion block.
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