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第2特集

4
経頭蓋直流電気刺激法と
脳腫癌手術

◆経頭蓋直流電気刺激法とは

].脳の可塑性

絲頭慌゛流祇気刺激法とは、微弱な1~5mA

の辿流磁流を頭皮Uこ貼った電極から流すこと

で、脳の川'塑竹を誘導して治療効米を高めよう

とするh法ですヒトの脳は病気になると、状

況に応じて臨機応変に、1田辺の正常な脳胤織が

失われた機能を収1)1バそうとする性質がありま
力

す。これを脳の11」'塑N1といいます。

2.治療方法

治療は簡単.かつ安企にhえます。治療する都

位に5×5Cm または5×7Cmの大きさの1に極を

Wiります(図 1、 2)。そこへ剌激装織(スティ

'、レーター)から送"川される、微弱な lmA か

ら1此人5mA税度の廼流心流を流して、頭皮か

ら川井内へ通電します心ドの大脳皮質の神絲

石内勝吾(いし北・L'うご)琉球大学大学院医学研究科脳神経外科教授

活動が変化し、これを治療に1心川します陽極

(図 IC)で刺激すると電極1白:1、の杣絲活動が興

奮します反対に陰極(図北で剌激すると電

極血ドの神経活動は抑制されます。

効果は 11時問~ 1時問平郡度、継続します。

皮"の切開といった手術は必要ありません。治
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図2・刺激の実際

a:右側陽極直下で神経活動の刺激。左側陰極直下では抑制が誘導されるこの貼り方ては左側からの半球
間抑制が解除できる。

b:右側の賦活のみを目的とする場合は刺激部位に陽極を、基準電極(陰極)を反対側前頭部にく。
C:右側の抑制のみを目的とする場合は刺激部位に陰極を、基準電極(陽極)を反対側前頭部に置く。

図1・経頭蓋直流電気刺激法の治療システムー式

刺激装(スティムレーター)、 b:陰性電極(5 X
7Cm)、 C:陽性電極(5 × 7Cm)、 d:電極固定用ゴムバ
ンド。



図3.治療中の様子

治療時問は20~30分。治療中は
雑誌を読むなどりラックスした姿
勢で自由に過ごして支障はない。

療小は、ソファーに座って剥眺志を統んだりテレ

ビを見たりして過ごすことができます(図3

3.副作用

副作川は、30分以内の通繊であれぱとくにあ

りませんが、治療は医帥が適接打'うことが推奨

されており、懲老の安゛性には十分配慮する必

要があ"ます通心11寺のひりぴり感や幌度の頭

痛、皮膚の発亦なとの桜告もありますが、いず

れも重篤なものではないようです。

4.経頭蓋直流電気刺激法の将来性

絲頭蓋直流電気刺激法は、現在、保険診療と

して認可されてぃません。柄院の倫"審査委貝

会に!1・1諸し審議され、許可を得てから11'う必映

がありますJ川時点ではあくまで研究川ですが、

11本を含めて世界中で臨床研究が活発にhわれ

てぃます。近い将来、脳神経外科におけるさま

ざまな病気に対する標準治療のーつとなる打効

◆対象疾患・病態

].対象疾患と作用のメカニズム

対象となる脳の疾患、には、脳脈傷、脳卒中、

高次脳機能陣奔、斗鳴、慢性建痛およぴうつ病

などがあります脳唖揚や脳卒中の患者で片麻

抑をきたしている場介には、病変部位を陽様剌

激(杣絲活動を促進させる)し、健側に陰竹刺

激伸絲験丹動を抑制する)を行います。脳内に

病変があると健側嫡が病変側の脳を抑制して、

ますます下・足が動かなくなる「半球間抑制」と

いう現象が引き起こされることがあります。こ

れに対して刑変仙を陽極で、健側を陰極で剌激

するのは理にかなっています半球剛抑制を剛

除し、さらに刑変都位の活動を促進できるから

です。陽極刺激だけあるいは陰極刺激だけでよ

い場合は、もうーカ'の電称(基準世雁りは反刈

側前頭部(伶D に1111iります。

2.経頭蓋直流電気刺激法の応用

尚汰脳機能陣害では、 2つ3つ以 1'.の仕邪を

肱村してlj・えなくなります。たとえぱ卞血11の場

煮込み物をしながら、妙め物をつくり、玄ノ、
LI 、

関で郵側の受け収りをするなど、普段イ1'つてい

ることができなくなるわけですから、Ⅱ常門・,澗

や什事で支障をきたしますこのような掘状ι

対しては、光側前頭葉の外仙都位を陽極刺激す

ると効果があります。

難治竹の耳嶋に対しては、中枢性つまり側顕

柴にある聰覚小彬の過活動が瞭因とする説があ

り、ここを陰極で刺激して神経活動を抑制する

ことで治療に膳川します脳の粥状回(前頭葉
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今までとはまるで違う!劇的ビフォーアフタ
ニユーロリハビリテーション最前線!

図4 治療前後の様子

急:治療前、 b:治療後の左上肢挙上。
刺激後にはボールペンをっかみ(C)、雛すことが可能となる(d)。

の内側部分)で痛みが増帆されて症状を川す慢

性瘻痛と、薬物が効きにくい難治性うっ病では、

,・ルD洲川剛(一次述動野M1およぴ一次感覚野

S1を含む何伊幻を刺激すると、症状の安定が得

られますこの部位を刺激すると多*感を誘導

する内IN性(1脳が"1分でつくる)の麻薬が産牛

され、症状改善につながるようです

このようにさまざまな病気に対して絲顕帯:仙

流屯気劇激法が応川されていますが、今後さら

に症例を増やして、より有効性の高い剌激法の

俳立や、治療による背以の杣絲回路網の変化の

'Υ三細を1川らかにする必姜があります

忠者は脳深部・大脳基底核の腫傷によって充

U技の挙 b制限があり、胸の高さまでしか bか

らず、ノ'下の巧緻連動障早fがあり、物を下で批

ることができませんでしたこの忠Xは菊変側

M1に1場極、健側MUこ1蛮極を縱いて通繊しま

した。1川の絲頭蓋心流雌気剌激゛後にただち

に改粹が認められています。力11・.1伎は頗部より

高く挙卜できるようになりましたまた治療1句

にはポールヘンをつかめませんでしたが、治療

後はポールヘンをつかんで隣すこともできるよ

うになりました。

機能的な磁気共鳴川像で検介すると、下が動

かなかった治療前には次述四門fにlfl[流の1,1

はありませんが、通磁後にはノ,{イiの述動劉・と小

'D部の袖足述動野にも.1Ⅲ流の」..射.を澀、めてぃま

す。絲頭甍心流電気剌激によって、雌の機能的

な活性が誘導された証拠です。何川か治療を繰

り返すことて"1削竹功ゞ刷まり、症状の改筈に私

ぴつきます

◆経頭蓋直流電気刺激法を使
つたニユーロリハビリの実際

ここでは、述動麻抑の改訴を目的に、一次述

動野へ通電した脳師場患仟に対する治療の尖際

を示します(園4)。
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a b s t r a c t

Recent epidemiological studies have demonstrated that coffee drinking is associated with reduced
mortality of cardiovascular disease. However, its precise mechanisms remain to be clarified. In this study,
we examined whether single ingestion of caffeine contained in a cup of coffee improves microvascular
function in healthy subjects.

A double-blind, placebo-controlled, crossover study was performed in 27 healthy volunteers. A cup of
either caffeinated or decaffeinated coffee was drunk by the subjects, and reactive hyperemia of finger
blood flow was assessed by laser Doppler flowmetry. In an interval of more than 2 days, the same
experimental protocol was repeated with another coffee in a crossover manner. Caffeinated coffee intake
slightly but significantly elevated blood pressure and decreased finger blood flow as compared with
decaffeinated coffee intake. There was no significant difference in heart rate between caffeinated and
decaffeinated coffee intake. Importantly, caffeinated coffee intake significantly enhanced post-occlusive
reactive hyperemia of finger blood flow, an index of microvascular endothelial function, compared with
decaffeinated coffee intake.

These results provide the first evidence that caffeine contained in a cup of coffee enhances micro-
vascular function in healthy individuals.
© 2015 Japanese Pharmacological Society. Production and hosting by Elsevier B.V. All rights reserved.

1. Introduction

Coffee is the most widely consumed beverage in the world (1).
Coffee contains a variety of pharmacologically active ingredients,
and it has long been argued whether coffee drinking is beneficial or
harmful for cardiovascular disease (2e4). Recently, a large cohort
study, in which more than 400,000 participants were prospectively
followed up for 13 years, has demonstrated that coffee

consumption is associatedwith reducedmortality of cardiovascular
disease (5). Moreover, a meta-analysis of 23 prospective studies has
provided quantitative evidence that coffee intake is inversely
related to cardiovascular disease mortality (6). These findings
suggest the beneficial cardiovascular actions of coffee. However, its
precise mechanisms remain to be elucidated.

The vascular endothelium synthesizes and releases several
vasodilating substances, such as prostacyclin, nitric oxide, and
endothelium-derived hyperpolarizing factors (EDHF). Evaluation of
endothelial function has been shown to provide important prog-
nostic information in patients with cardiovascular disease, as evi-
denced by the facts that the severity of endothelial dysfunction can
predict future cardiovascular events (7, 8) and that improvement of
endothelial function by pharmacological interventions reduces the
risk of cardiovascular disease. Acute effects of caffeine, a major

* Corresponding authors. Department of Pharmacology, Graduate School of
Medicine, University of the Ryukyus, 207 Uehara, Nishihara-cho, Okinawa 903-
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pharmacologically active ingredient of coffee, on human endothe-
lial function of large conduit arteries have been examined in several
previous studies by using ultrasound-based measurement of
brachial artery diameter during post-occlusive reactive hyperemia.
However, the results of those studies are quite inconsistent (9e13).
It is generally accepted that flow-dependent dilation of conduit
arteries is mediated primarily by nitric oxide (14), while in the
microcirculation EDHF rather than nitric oxide have been suggested
to play a major role in the reactive hyperemic response (15).
Microvessels, but not large arteries, regulate tissue blood blow and
systemic blood pressure, and thereby play a key role in the circu-
latory system. However, no study has ever addressed the effect of
caffeine on microvascular function.

Based on the above background, we examined in this study the
effect of single ingestion of a cup of caffeinated and decaffeinated
coffee on finger microvascular function in healthy subjects by laser
Doppler flowmetry.

2. Methods

2.1. Subjects

We recruited twenty-seven healthy subjects (13 men and 14
women; 22e30 years old [mean age, 23.7 ± 2.2]; mean body
weight, 58.4 ± 15.1 kg; mean height, 162.9 ± 9.6 cm) in our uni-
versity, and the subjects who wanted to take part in the study
voluntarily were investigated. Subjects taking any medication or
smokers were excluded from the study, and the experiments were
performedwhen the subjects werewell conditioned. All volunteers
were asked to abstain from caffeine-contained beverages at least
12 h before the study. All subjects gave written informed consent,
and invasive experiments including blood sampling were approved
by the Clinical Trial Ethics Committee of the University of the
Ryukyus, according to the declaration of Helsinki and the ethical
standard.

2.2. Study design

A double-blind, placebo-controlled, crossover study was per-
formed. All participants were examined on two separate days in a
quiet temperature-controlled room. Instant coffee of 2 g with or
without caffeine (Taster's Choice™, Nestl�e, Vevey, Switzerland)
was prepared with 150 ml hot water. Neither sugar nor milk was
added. A cup of the caffeinated or decaffeinated coffee was
ingested in each subject. Hemodynamic variables and reactive
hyperemic response were measured before and every 15 min
after coffee intake. In a pilot study, we were not able to continue
this experiment more than 75 min because some subjects com-
plained of strong pain due to repeated cuff-compression or a
fixed position of the test arm. Thus, we set the experiment time
for 75 min. In an interval of more than 2 days, the same exper-
imental protocol was repeated with another coffee in a crossover
manner. Blood pressures were measured at the brachial artery
using a sphygmomanometer (BP-103i, Nihon Colin, Komaki,
Japan). A manchette was placed around the right upper arm, and
a mean value of three measurements was used for the statistical
analyses. Heart rate was obtained from the sphygmomanometer.
The subjects were in a sitting position throughout the
experiments.

2.3. Assessment of microvascular function

Finger blood flow was measured by a laser Doppler flowmeter
(ALF21, Advance, Tokyo, Japan). A flow-probe (type C) was placed at
the tip of the left index finger or thumb. Blood flow was calculated

by measuring Doppler shifts derived frommoving erythrocytes per
photon and the mean photon frequency. As the number of Doppler
shifts is proportional to the erythrocyte volume and velocity, blood
flow is the product of linearized volume and velocity (16). Post-
occlusive reactive hyperemia of finger blood flow was assessed as
an index of microvascular endothelial function. A cuff was placed
on the left upper arm, and reactive hyperemia of finger blood flow
was induced by inflating a cuff for 1 min in order to interrupt
arterial blood flow and then deflating it. Peak hyperemic flow was
defined as the highest blood flow immediately after cuff deflation.
Reactive hyperemia was calculated according to the following
equation:

Reactive hyperemia (%) ¼ [(peak hyperemic flow � resting
flow)/resting flow] � 100

2.4. Measurement of caffeine and catecholamine levels

Venous blood samples were collected before and 30 min after
coffee ingestion in five volunteers. The plasma caffeine levels and
caffeine contents in decaffeinated and caffeinated coffee were
analyzed by high performance liquid chromatography (HPLC; LC-
10AD, Shimadzu, Kyoto, Japan) (17). Plasma catecholamine levels
were measured by SRL Inc. (Tokyo, Japan) using the HPLC method.

2.5. Statistical analysis

Statistical analyses were performed by a two-way ANOVA fol-
lowed by a Bonferoni/Dunn post hoc test. When paired or unpaired
data were compared, a paired or unpaired Student's t-test,
respectively, was applied. The computer software StatView-J 5.0
(SAS Institute Japan Ltd, Tokyo, Japan) was used for the statistical
analyses. A value of P < 0.05 was considered to be statistically
significant. Results are expressed as mean ± SD.

Reproducibility of laser Doppler flowmetry was expressed as
within-subject coefficients of variability. In our laboratory, the
intra-day variability for finger blood flowwas 6.3% (range: 0e27.1%)
and that for reactive hyperemia assessed by laser Doppler flow-
metry was 21.6% (0e54.2%), and the day-to-day variability for
finger blood flow was 26.2% (0e76.1%) and that for reactive hy-
peremiawas 33.7% (0e102%). According to the previous studies, the
coefficient of variance < 35% can be deemed acceptable (18).

3. Results

3.1. Caffeine content in decaffeinated and caffeinated coffee and
plasma caffeine levels before and after coffee intake

Caffeine content in decaffeinated vs. caffeinated coffee was
markedly different (1.37 ± 0.09 vs. 54.5 ± 3.4 mg, respectively)
(Fig. 1A). Before coffee intake, plasma caffeine levels were identical
between subjects with decaffeinated and caffeinated coffee intake.
However, 30 min after coffee intake, plasma caffeine levels were
markedly increased in the subjects with caffeinated coffee intake
(from 0.75 ± 0.85 to 1.57 ± 1.30 mg/ml, P < 0.05), but not in those
with decaffeinated coffee intake (from 0.76 ± 0.57 to 0.77 ± 0.60 mg/
ml) (Fig. 1B).

3.2. Effects of caffeinated coffee intake on blood pressure and finger
blood flow

Before coffee intake, there were no significant differences in
baseline hemodynamic variables (i.e., systolic, diastolic, and mean
blood pressures, finger blood flow, vascular resistance, or heart
rate) in the subjects with decaffeinated and caffeinated coffee
intake (Table 1). However, caffeinated coffee intake, but not
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decaffeinated coffee intake, caused slight but significant elevations
of systolic, diastolic andmean blood pressures bymaximally 2.7, 3.2
and 2.8 mmHg, respectively (each P < 0.01, Fig. 2). Furthermore,
caffeinated coffee intake significantly reduced finger blood flow (as
assessed by laser-Doppler flowmetry, P < 0.01, Fig. 3A) and signif-
icantly increased vascular resistance of the finger vascular bed
when compared with decaffeinated coffee intake (P < 0.01, Fig. 3B).
On the other hand, there was no significant difference in heart rate
in the subjects with decaffeinated and caffeinate coffee intake
(Fig. 3C).

3.3. Effects of caffeinated coffee intake on reactive hyperemia of
finger blood flow

Before coffee intake, post-occlusive reactive hyperemia of finger
blood flow, an index of microvascular endothelial function, were
comparable between the subjects with decaffeinated and caffein-
ated coffee (8.7 ± 4.3 and 10.0 ± 3.4 ml/min/100 g, respectively).
However, caffeinated coffee intake significantly enhanced post-
occlusive reactive hyperemia of finger blood as compared with
decaffeinated coffee intake (P < 0.01, Fig. 4).

3.4. Plasma catecholamine levels

Plasma norepinephrine levels did not significantly differ be-
tween the subjects with decaffeinated and caffeinated coffee intake
at baseline (336 ± 132 vs. 317 ± 165 pg/ml) and at 30 min after the
intake (271 ± 95 vs. 272 ± 125 pg/ml). Plasma epinephrine levels
also did not significantly alter between the subjects with decaf-
feinated and caffeinated coffee intake at baseline (35.8 ± 12.5 vs.
33.3 ± 18.5 pg/ml) and at 30 min after the intake (32.0 ± 11.2 vs.
25.8 ± 13.5 pg/ml). The respective plasma catecholamine levels did
not significantly change before and after coffee intake.

4. Discussion

To the best of our knowledge, this is the first study examining
the acute effect of caffeine on endothelial function in the human
finger cutaneous microcirculation. The present study demonstrates
that an intake of caffeine contained in a cup of coffee may cause a
favorable effect onmicrovascular endothelial function assessed by a
noninvasive laser Doppler flowmetry method in Japanese young
healthy subjects.

4.1. Pressor effect of caffeine

In the present study, the plasma caffeine concentration after
caffeinated coffee intake attained 1.6 mg/ml. This concentration of
caffeine has been shown to act as an antagonist of adenosine A1/A2A
receptors (19, 20). As adenosine causes vasodilation in most
vascular beds (21), caffeine would induce an increase in vascular
resistance. Thus, slight but significant rises in blood pressure
observed after caffeinated coffee intake in the present studymay, in
part, be caused by an increase in basal vascular tone derived from
the adenosine antagonism of caffeine, as found by an early study
(22). In addition, a direct stimulatory effect of caffeine on myocar-
dial contractility (23) might be involved in a significant increase in
blood pressure seen after caffeinated coffee intake.

4.2. Effect of caffeine on microvascular function

The present finding that caffeine ingestion, even at a small dose
(54.5 mg ¼ less than 1 mg/kg), improves microvascular endothelial
function is consistent with a previous study (24) using venous oc-
clusion plethysmography demonstrating that the acute adminis-
tration of caffeine at an extremely large dose (300 mg) augments
vasodilator responses of forearm vessels to intra-arterial infusion of
the endothelium-dependent agonist acetylcholine.

In contrast to our study, however, two previous reports using
ultrasound-based measurement of brachial artery diameter during
post-occlusive reactive hyperemia demonstrated that caffeinated
coffee ingestion impaired endothelial function in healthy volun-
teers (9, 12). In addition, two other studies showed that acutely
administered caffeine had no effect on endothelial function
assessed by the brachial artery vasoreactivity measurement (10,
11). Although the reason for conflicting with our data cannot be
fully explained at present, it seems plausible that the difference in
the type of vessels used for assessing vascular function was mainly
involved. Laser Doppler flowmetry employed in the present study
measures microvascular function in cutaneous arterioles and cap-
illaries, whereas the ultrasound-based measurement of brachial
artery diameter reflects ‘macrovascular’ function in large conduit

Fig. 1. Caffeine contents in a cup of decaffeinated and caffeinated coffee (A) and plasma caffeine levels before and 30 min after single intake of caffeinated and decaffeinated coffee
(B). Data are expressed as mean ± SD. *P < 0.05 between before and after coffee intake by a paired t-test.

Table 1
Baseline characteristics in subjects with decaffeinated and caffeinated coffee intake.

Variables Decaffeinated Caffeinated P value

Systolic BP (mmHg) 104.9 ± 12.4 106.2 ± 11.2 0.346
Diastolic BP (mmHg) 58.0 ± 8.3 59.1 ± 6.6 0.297
Mean BP (mmHg) 73.6 ± 8.8 74.8 ± 7.6 0.264
Finger blood flow (ml/min/100 g) 23.6 ± 7.7 23.3 ± 7.9 0.916
Vascular resistance (unit) 3.43 ± 1.15 3.67 ± 1.63 0.543
Reactive hyperemia (%) 40.8 ± 25.4 50.3 ± 27.1 0.125
Heart rate (bpm) 74.6 ± 9.4 74.3 ± 8.6 0.815

BP ¼ blood pressure, Vascular resistance ¼ vascular resistance of the finger vascular
bed (finger blood flow/mean BP), Reactive hyperemia (%) ¼ 100 � (post-occlusive
increase in finger blood flow)/(baseline finger blood flow).
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arteries. Indeed, some previous studies have described that brachial
artery responses to reactive hyperemia do not correlate with
microvascular function as measured by agonist infusion studies or
laser Doppler flowmetry (25, 26). It is generally considered that
flow-dependent dilation of conduit arteries is mediated primarily
by nitric oxide (14). By contrast, contribution of nitric oxide to post-

occlusive reactive hyperemia in microvessels appears minimal (27,
28). Instead, EDHF may have a major role in the reactive hyperemic
response in the microcirculation (15). Although the nature and
mechanisms of EDHF remain uncertain, EDHF response has been
proposed to be divided into two broad categories as follows: the
first (classical) EDHF pathway is associated with endothelial cell
hyperpolarization due to the opening of endothelial calcium-

Fig. 2. Effects of caffeinated and decaffeinated coffee intake on systolic (A), diastolic
(B) and mean (C) blood pressures (BP). Data are expressed as mean ± SD. **P < 0.01
between caffeine (�) and caffeine (þ) by ANOVA.

Fig. 3. Effects of caffeinated and decaffeinated coffee intake on finger blood flow (A),
vascular resistance of the finger vascular bed (B), and heart rate (C). Data are expressed
as mean ± SD. **P < 0.01 between caffeine (�) and caffeine (þ) by ANOVA.
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activated Kþ-channels, and the second EDHF pathway does not
require endothelial hyperpolarization but involves the endothelial
release of factors that hyperpolarize vascular smooth muscle cells
by opening various myocyte Kþ-channels such as calcium-activated
Kþ-channels (29). Experimental studies with animal and human
vessels have demonstrated that the activation of vascular smooth
muscle Ca2þ-activated Kþ channels probably contributes to the
EDHF component of reactive hyperemia in microvessels (30, 31).
Thus, microvascular endothelial function assessed by laser Doppler
flowmetry may reflect the bioavailability of endothelium-
dependent hyperpolarization via the activation of Ca2þ-activated
Kþ channels in the endothelium and/or vascular smooth muscles.

4.3. Possible mechanisms involved in the beneficial effect of caffeine
on microvascular function

In addition to the action on adenosine receptors, caffeine has
been known to have a variety of pharmacological properties,
including inhibition of phosphodiesterase (32), and calcium release
from intracellular calcium stores via ryanodine-sensitive calcium
channels (33). Interestingly, several electrophysiological experi-
ments have displayed that caffeine at concentrations ranging from
10�6 to 10�3 M evokes calcium-dependent hyperpolarization in
endothelial cells and vascular smooth muscle cells as a result of
increased outward Kþ current (34e36). These data suggest that
caffeine-induced release of calcium from intracellular calcium
stores elicits the activation of calcium-activated Kþ-channels in
these cells. Considering that EDHF, unlike nitric oxide, has a major
role in microvascular reactive hyperemia, it is possible that caffeine
has the potential to augment the reactive hyperemic response of
microvessels through amplifying hyperpolarization caused by
EDHF. This may explain a favorable effect of caffeine on microvas-
cular endothelial function in the present study, because the plasma
concentration of caffeine was estimated to be nearly 10�5 M
(Fig. 1B). It is intriguing that previous experiments in rats have
shown that treatment with blockers of calcium-activated Kþ-
channels dose not affect baseline blood pressure or vascular
conductance but attenuates vasodilator responses of resistance
vessels produced by endothelium-dependent vasodilators such as
acetylcholine (37, 38). These findings indicate that calcium-
activated Kþ-channels contribute little to the regulation of basal
blood pressure but participate in responses to endothelial

stimulation, and may be related to the present results that caffeine
intake produced enhancement of microvascular endothelial func-
tion in spite of the occurrence of a slight increase in baseline blood
pressure.

Several clinical studies (13, 39e41) have shown that caffeine
exerts acute beneficial metabolic effects such as increased con-
centrations of adiponectin, a marker of anti-inflammatory and
insulin-sensitizing effects (42). In addition, a cross-sectional study
has reported that coffee consumption is inversely associated with a
plasma marker of inflammation (C-reactive protein) and that of
endothelial dysfunction (E-selectin) (43). Thus, these preferable
properties of caffeine, besides the effect on endothelial function,
may partly account for the beneficial cardiovascular effect of long-
term coffee consumption.

4.4. Study limitations

Our study has some potential limitations to be considered. First,
the number of subjects examined in this study may have been so
small as to provide conclusive proof, although statistically signifi-
cant effects were found. Second, the long-term effects of caffeine
ingestion on endothelial function remain unknown. Third, we did
not ask female subjects about the menstrual cycle, and it is thus
unknown to what extent its phases affected the finger blood flow
response. Finally, assessment of microvascular function was per-
formed solely in Japanese healthy young volunteers. We have not
yet elucidated whether or not caffeinated coffee intake ameliorates
microvascular endothelial function not only in healthy subjects but
also in patients with cardiovascular disease. These issues remain to
be examined in future studies.

5. Conclusion

Our double-blind, placebo-controlled, crossover study has
demonstrated, for the first time, that caffeine at the amount con-
tained in a cup of coffee may cause improvement of microvascular
endothelial function in healthy subjects.
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Progression of cerebe11ar chronic encapsulated expanding
hematoma du"ng late pregnancy after gamma knife radiosurgery
for arteriovenous malformation

TakaS11i 、vatanabe, Hideki Na目anline, S110号0 IS11iucl〕i

1)C11ar訂11C"t ofNCⅡro、ur輩Cry.氏CⅡlty orcli"ica1 んIcdicinc, univCぴity oftlw R丁Ⅱk),U、, okiⅡ●、Ya、japan

E・n11il:埠Tak盆hi、vatヨ川bc ・ Wねk●、11i a mcd,U・ry"k丁Ⅱ.ac.jp; Hidcki Nヨ武引11i"C .11082632 a 口Icd.Ⅱ.η,uk、,11.ac.jp; S110冬0 卜NⅡCN . iS110g0 ιt mcd.Ⅱ、乃,仙k丁U..C.炉
卑COTre卜P011din冬●Ⅱdlor

SNI: stereotactic, a supplementto sur'1C81N6Ur010呂γ ln始rhatlonal

REcei兇d:30印n114 kceP如d:04A、弔Lllt14 "血li$Md:30 Docernber 14

Thi' artid岳 mヨγ h゛ dt.d .':
M口mMT.Nヨ甲mlrle H,13h11叱制 S.pr^誌10" ofCぞNbe1巨rchm"kそ"口P工山比d 献悼"d叫 M叫to'h■dor.雌島妃 Pr姉口叱γヨ丘■"即m巾 k,,He 鳳di卿'写E,γ佃
ar詑ri例EM山唯Hormadorl.sur宮 N.Ⅱm11爪ユ014:5S575.9.

AⅦihblE FRεEin op゛"acc゛SS"om:ht中ゾ/^占Ⅲ8101閑Ⅱ『010別lnLΦΠνt^ヨ,pn01刷馴17/575/14帥54

Cowr電ht:02014^口r口beTTh1季" an operトヨCC゛S5 artlC1● di5trlbuted ur,d是r tM t■rm30{tM cr゛急ti憾 ComrhorllAttributlon Lk゛"絶,WI・1i亡h perm1性 Unr凹trkt他d U詑,
d'5U'ibutiorl,and r゛prod、忙tion ln a"y mEd山m.prwld゛d tM or1言ir口1 ヨⅡt卜吋ヨ11d 舌Ource 色r● CrEd北ed

Abstract

Background: The eti010gy and appropriate manage ent stra伯gy of chronic
encapsulated expanding hematoma during pregnancy after gamma knife
radiosurgBry for artenovenous malformation (AVM) remaln undear.

Case Desc"pti0η: A 34・year・old female developed chronic encapsulated
expanding hematomaduringla也 Pregnancy, aft引angiographicdisappearance of
Cerebe11ar AVM f0110wing two courses o gemma knife radiosurgery. The present
Case implica伯S pregnancy as a potentialpromot引 of groMh and e"1argement of
Chr0ηic enoapsula伯d expanding hematorna, whioh may become 併e・threatening
and require surgicalintervention.

ConclU引on:1mmediate surgical management after delivery may be associated
Wけh a favorab1日 Outoome, Soclose fo"OW・up mana9ement and palient education
arθνery impodantin women plannin9 Pregnancy.

Keyw'ords: Arte"ovenous rnalformatlon, gamma knife, P伯grlancy,radiosurgery
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ιNTRODUCTION

Cal"n玲 kⅡife 肌diosU唱ery is a11 effective treatnle11t for
CeTebral arteriovenous nlalformation (AVM) fesultin" i11
anai0目「eP11ic disappeara11Ce i11 moTe t11an 80・90% of cases
Actual rates of obliteration of cerebe11af AVMS, wit11

nledian taraet volU111e of 3.85 Cm3 a11d median maT"inal
dose of 21 Gy,、vere 53% at 3 yeaTs and 76% at 5 and
10 yeaTS.川 HO、、,ever, relatively 松Te c0111Plicnti011S such
as cyst fon11ation and C11fonic encapsulated expandin目
he111atonla nlay develoP 1110re H1且Ⅱ 5 years after 8a111111n
k11ife radiosur8ery even if on"i0且1叩11ic disappeafonce
】1as been acl〕ieved.",10,H・16,191 Furt11e"110re,"ttle is kn小V11

about Hle "1eC11aniS111S a"d appfopfiate uW11a"引Ⅱ引lt
Of clHonic encapS111ated expa口di"且 11e111at0111n durin8

AOC岫念廿li客窒r"C1●

On11no

Pre号Πancy 、入e preS引lt a C部e of ceTebe11ar C11ronic
e11Capsulated expandin名 11emat0111a e11COU11tered duri118
Iate pre目1玲ncy,4 yeaTs after aⅡ目iogfaphic disappenfaⅡCe
Of AVM nidus f0110wi"4 two courses of 3n1口ma knife
Tadiosuf号ery, wit11 a cU111Ulative dose of 41 Cy to t11e
nlar号in 11t "1e 50-60% isodose line, carried out nt an
intervnl of 4 γeaTS.

W●Mi加:

^.S11円始1舶Ⅲ口如ylnt伽m
D01:

10410別2152.78帖.14舶54

QulckR舶印n丑Ocod●:

回回

回

CASE REPORT

A 20・year・old f引1〕ale pfese11ted 、vit11 Sudden 011Set
Of seveTe headaC11e associated 、vit11 11aⅡSea f0110、ved

b), distuTba"ce of c011ScioU5ness, aDd was ad"1itted
to a110Hler 110spital. T11e dia"nosis of cerebe11ar a11d
Subaracluloid heln0Π11a目e fT0ⅡI AVM supplied by "1e
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Postefior inferiot cerebe11ar artery (PICA)、vas ba託d on
t11e "ndin8S of conlputed t01110且『aP11y (CT)[F喰Ure la]
and cerebfal anai0号訟P11y E111er3e11Cy evacuati0Ⅱ of Hle
11enlatoma 、vas peTfoTnled via a midli11e SⅡboccipital
approaC11. Four mont11S after sU唱eTM veftebfal
且11名i0号TaP11y de1110nstrated left ceTebe11aτ 11引11isP11eric
AVM supplied by tl,e plcA [Fi8Ⅲo lbl. Fourteen
1110Π"1S after t11e iniha1 11e1110Tr11ιlae,目a111Πla k11ife
TadiosU唱ery 、vas perf0Π11ed to tTeat Hle AVNl nidus
、vith a volume of o.487 CΠ1' at aⅡ0札lef institution usin8
a LekseⅡ Gan1Πla KⅡife Π10del B U11it (Elekta AB). T11e

Pla1111ed usi11昌 Ca11111Ulplnn so{twarePTocedure 、VιIS

bosed on steTe0ねdic di目ital subttaction a1唱i0名raP11y
(MR) i111a邑in邑. A prescribedand 111n8netic Tes0Ⅱance

dose of 20 cy 、vas delivered to Hle lesi011 ΠlargiD at "1e
50% isodose line. Thfee )'ears after Hle first nldiosur号eTy,
VertebTal a1唱i0邑raP11γ S110、ved a slnaⅡ residua1 Πidus in
吐le left ceTebe110r 11e111isP1祀re lFigure lcl. T11e patie11t
UndeいVe11t Tepeat radiosU唱ery at Hle previous institution
Usin" 3 LekseⅡ CaΠ1Ⅱla K11ife model c unit (Elekta AB)
4 yeaTs nfter initin1 松diosurgery T11e ta「号et volume of
"1e "idus was l.5 Cm;, a la唱er volunle ula11 H玲t at Hle
i11itial radiosur"ery, a11d was i11te11ded to inlpro、,e "1e
heat口lent efficacy T11e pTocedure wns pla11ned usiΠ8
C田ηΠWplan software and a prescfibed dose of 24 Cy
Wns delivered to Hle lesion nねr8in at ule 60% 1Sodose
Ii11e. vertebral a11ei0目TaP11y obtai11ed at 5 γenrs afteT Hle
Second TadiosuraeTy revealed c01ⅡPlete disapPこaτ且nce
Of t1祀 AVM IF喰0祀 ldl. Howe"町, T2・wei81,tod MR
ilna8iⅡ呂 and postc011trast TI・wei811ted MR im且且in名
Obtained at 7 yeaTs after Hle second mdiosU唱ery revealed
an e1111anced lesion adiace11t to t11e cyst f0Π11ation in t11e

'父'
、、'_、./

10ιy lnt mooon01

Ieft cerebeⅡaf l〕引11isP11ere [Fi8Ute 2a, b]. T11e patient
、vns lost to f0110、v up during Hle 18 mont11S nfter Hle last
exanlination. The patie11t sub託que11tly pTe5el〕ted 、vit11
11eadacl]e a"d nausea,研,hiC1111ad persisted o、,er 3 Weeks,
at n名e 34 γeaTs in Hle 32"d week of pTe"n丑ncy, aDd was
referred to ouT i11Stituti0Π 9 ),ears after Hle second
口diosU唱ery

、nle patie11t l〕nd 11endnC11e a11d nausca, but no oHlef
neur010gical deficits 、、,ere identified except foT House-
BTack111an11 8rade 3 facial palsy persistin号 Since 11eT
C11ild110od.0"1eT medica1 11istory was U11re111arkable.
On admissi011, CT de111011Strated an irre8Ularly S11aped,
11eteT0号eneouS 11i号h density he111nt0111n wit11 PeTifocal
edelna in ule YeTnlis extendin号 to t11e left cerebe11nr
he111isP11ere {F喰Ure 2CI. Her i11fant wns delivered by
Cesarean section mlmediately aHer a小11ission and oS1110tic
"1erapy 、、,as started. Despite conservotive nlana且引11ent,
disturbn11Ce of c011SciouS11ess developed aⅡd deteTiorated
due to Hle ext引Isive per任Ocal edenla and 11ydroceP11alus.
T11ree-diⅡle11Sional cT a1唱i0且皿P11γ Tevealed 110 vascular
abn0Π11alit)'1roU11d the lesi01〕

Performed a"dMidline suboccipital crι川iot0111γ 、vas

CerebrospiⅡa1 打Uid 、vas released h0111 ele ve11tTicular
d松i11aぢe, A very fir111, TeddiS11 an8iomatous nodular
8ranul0111a wit11 adiace11t c},st was visualized in
Hlc ccrebe11ar 11enlisP11ere. 111docyanine "ree11
Videoa"ai08raP11y confiΠ11ed Hle nbse11Ce o{乳bnon11al
Vasculature aroul〕d Hle lesion. T11e lesi011 C011tained

an号ionlatous capsule a11d fin" 0τ名ani2ed 11e111atonla.
Cross total resecti0Π、vns aC11ieved witl〕0Ⅱt iniury to "1e
Sunoundin" shⅡCtures. NO AVM nidus 、vns observed
duri口8 Sur8eTy HeT synlpt01"、vas completely res01νed

卿

、〆,'
t§●

皿

F1写Ur.1:(a) CT与Ca"鼠t iniualonset d是nlon5tratln三 1●什 C●r゛b●11急r
hemorr卜1窒写● W壮h 生りb包r轟Chnold her"orrha写e.(b) Le貴 V●rtebrき1
鼠n宮10耳r直"■ b●for垂"r生t 宮鼠mm急 knif● r五dl0生Ⅱr冒■ry 生"owln套■
Ie貴 C.r母b老1ねr h●mi雪Ph●"C AYM 与UPPⅡ●d by p0弐●rior l"fer'or
C母r老beⅡ且r 急rtery (arrow).(C) Left ¥●rt●brき1 急"客'0宮rきm 包t 3
y.五雌盆什●r "r生t r包dl0生Ur宮ery re冒●驫11n宮 r毛季ldⅡ尋1 "1dⅡ与 ln th● 1●竜
C母rebE11窒r hem15PherE (0ITowh是0の.(d) L●良吋母rtEbr急1きn三i0写r之m
Obta'n.d きt 5 y●急r生之什er the ,econd r轟dlo$ur写ery r毛闇e窒Ⅱn写 no
rE51dua1轟VM nidU生

■

^

、

Fi套Ure 2:員XialTユ.W●1宮hted MR lm五区●(a) and p05tcontr窒't
TI.wei宮ht●d MR lmき写E (b) dEm0η5tratln宅急PP●aranC● of th●
.r1計田.ced 1是SionadlaC●"ttoth●Cystform寂廿on l" thE le竜Cer●b0肌ヨr
heml'ph母re 轟t 7 γ■且門 a貴●r 怖●Cond r急dl0言Ur宮●ry.(O CT $C急n
'h^in宮an lr門語Ⅱ1之rly 5h急Ped,",1冨ed d是n51ty lesion with ext老酌きi¥●
ed.ma ln the le貴 CerEbe11ar hemi季Ph●r●.(d) PO'toper急"ve
輩盆d011nlum.Eflha"C●dTI.W●1宮hted MR lmき写e d●f"on弐ratin三totき1
r●moV急10fthe le510"

、゛
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inlmediately aRer sU唱ery and ule l)ostoperative course he111atonla is often acc0111Panied by cyst fo011ati0Π,
Uneven仟UI. postoperative MR ilna号iΠ8 τevealed 、V11iC11tends to occurin patients f0110、、,ed up forlonaer、、,as

total Tesection of Hle 11引11atoma wit11 Hle adiace11t t11an 5 }'eιlrs after 8a111111a knife radioS11唱ery.11句 Lar8er
Cyst lF喰Ure 2dl, postoperative a1唱iograpl】y c01】fiΠ11ed Didus Yolume a11d hi811er radiation dose may be risk
disappeara11Ce of Hle AVM. Her baby'S 8rowHl and fnctors for deln},ed cyst formetion,→ but cyst f0τ111ation

may stiⅡ Occuf despite a Telatively slna11 nidus a11d lo、Vdevelopmenい枇Is also no011al.
Pfescribed 口largin dose.【19】 Total obliteration can beHist010aical exa111ination of Hle lesi011 0btained

d。,i,3.,唱町γ d引Ⅱ。。st玲ted e,caps゛1ated hemat。ma ?゜i剖e n 剖 Npea.seTe゜且9-,丁a i゜SUT§ξRη()゜r',3.目γ'P ' iDC0111Pleteob11terationaRerinitialsRS.1S,り・B,2;Delayed
C011Sistin8 0f a de11Se c011ヨ"enous outer la)'er and a C)st fo011ati0Π Occuned in q,.6% of cases at n median
graΠⅡlated, ne、、11y vasCⅡlarized, nⅡ且ionlatous 111口er

Of l08 1Πonuls after repeat sRS. hl the pre5e11t case,
Iayerwit11extensive111Ulhnodular11e1110rT11a"e '" C11ronice口Capsulatedexpandi"目11e111atonlaoccuTTedat Vanous

9 yeιlrs after H〕e second mdiosur目ery foT Hle re1丑ti、ely
HeΠ10siderin deposits a"d c01唱Ulation necrosis 、vere SIDι111 祀Sidua1 Πidus. T11e culnulative radintio" dose 、、,as

also observed lFi"Ⅱre 3bl・ T11e 111icrovnsculnture in Hle +1C t。比 le i11 m討 i11, W11i11Wa r m b1 11i h
i"ner layer de1110nstrated i11Haln11〕atory iΠ61t口tion il]
Hle vasculaT 、、,a11S a11d Hlick引lin3 0f Hle vessel 、vn11S
With 11yaliⅡe de号e"eration,、vhiC11 are dwracteristic chronic encal)sulated exl,andi11目 hematonla
6ndiΠ且Sofvasculitis [Fi号Ure 3C].11"mun011istoC11emical durin琴 1)re唇nanc)
exanlinatio" demonstrated stron" stainin邑 for cD34 in T11e prese11t C11Se of cerebe11ar C11ronic encapsulnted
t11e micTovasculatuTe [Figure 3dl. expnn小118 11enlatonln occuTred duTi11目 Pre目"anc),

9 yeaTs afteT ele sec01〕d radiosur邑ery. SUC11 0CC11rre11Ce
DISCUSSION Of C11roniC 引Icapsulated expa11din8 11e111atonla durin8

Pre号n011Cy 11as not bee11 reported previouS1γ,ιlnd
Hle eti010号y 田ld appropriate ma11aaenlel]t strategiesChronicencal,S111atedexl)andinEhematonla aRer
renlin uncleaT. several studieS 11ave de1Π011Strated目anlnla knife radio ur各ery
rapid 111ar8e111e"t of 111tr丑Cranln1 111e11i118i0111ns duri11且C1Ⅱonic encapsulated expa11diΠ呂 he111atoma Is e rare

T11e rate of prese11tation hlcreased i11but very h11Port丑nt late 011Set conlpliceti0口 aHer Preana11Cy

t1比 Second and "11rd hi1口esters. several meC1玲niS1115,目a111Πla knife ra小OSU唱eT) for AVNIS, nnd Ⅱlay devel01)
SUCI】 as incTeased blood 、0IU111e, vascular en"or"e111e11t,eveⅡ if a118i08raphlc d1訟Ppearance 11那 bee11 aC11ieved,

i11 tU1110r-associated vascu】arity,Sufaical tre昆t111e11t nlay be required due to P 9 ression 111CTeaseⅡIcrea5e

in i11trace11Ular nuid, and increased edema,"1ayC11ronlc encapsulated expandi1唱Sonle case5.111

explain bo"1 "1e Tapid lncrease i11 tulnor size durin8
Pre8na11Cy as 、veⅡ as "1e hequalt paTtial re"ression

2.1+.22 ReC引lt 5tudies S110、ved t11atPostpaTtU111.
Pre号"ancy and ule puerperiⅡm are associated wlthノキ

.

i11Creased risks of h引110rr1111弓e a11d a88ressive be11avior m
Caver"0ⅡS nlalf0Π11nti011S a11d o"1er vascular lesi011S,

In H〕e prese11t case,"1e C11ronic e11Capsulated expaudi"号
11e1Πatoola becalne sy111Pt0111atic i11 "1e Hlird tTi1ΠesteT,
SU名号estin" relativel) rapid pr03ression durin3 Ple8na口Cy
because Hlis period was 0111y 18 mont11S after "1e lost1

f0110W・up eXヨΠlinatio".'.

..

Rece11t expeTim引ltal studie5 11ave revealed Hlat
.

.

、

feprese11tative hist010gical C11al]aes in S1Πa11er arterioles、
'

Or Hle microvasculatuTe after irrιldiati01〕 are lil、ely
"

,

1雫 '

to be caused by 川icTovasculitis,、V11iC11 C011Sists of,

1)mP110cytic1〕}ali11e de目e11e玲tion, fibriⅡoid necroslS7

i11filtⅢti0Π, a11d adve11titial fibrosis.2ι・フ・18・21 Hist0103icalFi写Ure l:(a) photor"1Cr0三raphl of the chronlc e"caP生Ulated
磨XP轟"dl"a h●m急tomき d●mon$tra"Π且 an宮iomatoU5 abnorr"al eXヨΠlination of Hle prese"t case revealed ext引IsiveV母55e1季,t"ult'10C窒l hemorrh轟写e,急nd c0轟宮U1尋tlon necr0与'5. HE,

multifoc01 11引1〕orr11aae wit11 multi・Sね号e oraa口izati0ΠOr1套1"急l m鳳客nl"C轟"0"寓100.(b)ムr●郎 of c0五宮U1丑Uon n■Cr031生
fr0111 abn0Π11al a11"i0111atous Yessels with 11γaline驫nd ●冨t母n"V● h●morrha写●. H畳, or1写1"急l m尋宮nincatlon 試ユ00.

(C) A"武10mきtoU生 r●宮10n '"OWI"宮 thlck●nln宮 of th.闇.".1 W義11生 de号ene閉tion adiace11t to c0ヨ名UlntioD necrosis. T11ese
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11avecaused Hle rapid en1乳r"e11〕ent of Hle11e111at0111aand by cesarenn section under 8e11eral a11est11esia resulted
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