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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

consumption is associated with reduced mortality of cardiovascular
disease (5). Moreover, a meta-analysis of 23 prospective studies has

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 (2—4). Recently, a large cohort
study, in which more than 400,000 participants were prospectively
followed up for 13 years, has demonstrated that coffee
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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

1347-8613/© 2015 Japanese Pharmacological Society. Production and hosting by Elsevier B.V. All rights reserved.
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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 (9—13).
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; 22—-30 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
performed when the subjects were well 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™, Nestlé, 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 from moving 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 (%) = [(peak hyperemic flow — resting
flow)/resting flow] x 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-] 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 flow was 6.3% (range: 0—27.1%)
and that for reactive hyperemia assessed by laser Doppler flow-
metry was 21.6% (0—54.2%), and the day-to-day variability for
finger blood flow was 26.2% (0—76.1%) and that for reactive hy-
peremia was 33.7% (0—102%). 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 ug/ml, P < 0.05), but not in those
with decaffeinated coffee intake (from 0.76 + 0.57 to 0.77 + 0.60 pg/
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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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.

decaffeinated coffee intake, caused slight but significant elevations
of systolic, diastolic and mean blood pressures by maximally 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.

Table 1

Baseline characteristics in subjects with decaffeinated and caffeinated coffee intake.
Variables Decaffeinated  Caffeinated P value
Systolic BP (mmHg) 1049 + 124 106.2 +11.2 0.346
Diastolic BP (mmHg) 58.0 + 8.3 59.1 + 6.6 0.297
Mean BP (mmHg) 73.6 + 8.8 748 + 7.6 0.264
Finger blood flow (ml/min/100 g) 236 +77 233+79 0.916
Vascular resistance (unit) 343 +1.15 367+163 0.543
Reactive hyperemia (%) 40.8 + 254 50.3 +27.1 0.125
Heart rate (bpm) 746 + 9.4 743 + 8.6 0.815

BP = blood pressure, Vascular resistance = vascular resistance of the finger vascular
bed (finger blood flow/mean BP), Reactive hyperemia (%) = 100 x (post-occlusive
increase in finger blood flow)/(baseline finger blood flow).

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 on microvascular 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 ug/ml. This concentration of
caffeine has been shown to act as an antagonist of adenosine A1/Aza
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 study may, 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 = 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
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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 (+) by ANOVA.

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-
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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 (+) by ANOVA.

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-
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Fig. 4. Effect of caffeinated and decaffeinated coffee intake on post-occlusive reactive
hyperemia of finger blood flow. Reactive hyperemia was calculated according to the
following equation: reactive hyperemia (%) = [(peak hyperemic flow — resting flow)/
resting flow] x 100. Data are expressed as mean + SD. **P < 0.01 between caffeine (—)
and caffeine (+) by ANOVA.

activated K'-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 K*-channels such as calcium-activated
K*-channels (29). Experimental studies with animal and human
vessels have demonstrated that the activation of vascular smooth
muscle Ca®*-activated K™ 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 Ca?*-activated
K* 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
107% to 1073 M evokes calcium-dependent hyperpolarization in
endothelial cells and vascular smooth muscle cells as a result of
increased outward K* current (34—36). These data suggest that
caffeine-induced release of calcium from intracellular calcium
stores elicits the activation of calcium-activated K*-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 107> M
(Fig. 1B). It is intriguing that previous experiments in rats have
shown that treatment with blockers of calcium-activated K*-
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 K*-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, 39—41) 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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Abstract

Background: The etiology and appropriate management strategy of chronic
encapsulated expanding hematoma during pregnancy after gamma knife
radiosurgery for arteriovenous malformation (AVM) remain unclear.

Case Description: A 34-year-old female developed chronic encapsulated gecsstinisarkie
expanding hematoma during late pregnancy, after angiographic disappearance of Website:
cerebellar AVM following two courses of gamma knife radiosurgery. The present wwwsurgicalneurologyint.com

case implicates pregnancy as a potential promoter of growth and enlargement of DOI:
chronic encapsulated expanding hematoma, which may become life-threatening ‘“'4;‘0:’:152‘7806';‘:;05_4
and require surgical intervention. SulRespones Code:

Conclusion: Immediate surgical management after delivery may be associated
with a favorable outcome, so close follow-up management and patient education
are very important in women planning pregnancy.
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INTRODUCTION

Gamma knife radiosurgery is an effective treatment for
cerebral arteriovenous malformation (AVM) resulting in
angiographic disappearance in more than 80-90% of cases.
Actual rates of obliteration of cerebellar AVMs, with
median target volume of 3.85 cm® and median marginal
dose of 21 Gy, were 53% at 3 years and 76% at 5 and
10 years.!'"!" However, relatively rare complications such
as cyst formation and chronic encapsulated expanding
hematoma may develop more than 5 years after gamma
knife radiosurgery even if angiographic disappearance
has been achieved." 19151619 Fyrthermore, little is known
about the mechanisms and appropriate management
of chronic encapsulated expanding hematoma during

pregnancy. We present a case of cerebellar chronic
encapsulated expanding hematoma encountered during
late pregnancy, 4 years after angiographic disappearance
of AVM nidus following two courses of gamma knife
radiosurgery, with a cumulative dose of 44 Gy to the
margin at the 50-60% isodose line, carried out at an
interval of 4 years.

CASE REPORT

A 20-year-old female presented with sudden onset
of severe headache associated with nausea followed
by disturbance of consciousness, and was admitted
to another hospital. The diagnosis of cerebellar and
subarachnoid hemorrhage from AVM supplied by the
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posterior inferior cerebellar artery (PICA) was based on
the findings of computed tomography (CT) [Figure la]
and cerebral angiography. Emergency evacuation of the
hematoma was performed via a midline suboccipital
approach. Four months after surgery, vertebral
angiography demonstrated left cerebellar hemispheric
AVM supplied by the PICA [Figure 1b]. Fourteen
months after the initial hemorrhage, gamma knife
radiosurgery was performed to treat the AVM nidus
with a volume of 0,487 cm® at another institution using
a Leksell Gamma Knife model B unit (Elekta AB). The
procedure was planned using GammaPlan software
based on stereotactic digital subtraction angiography
and magnetic resonance (MR) imaging. A prescribed
dose of 20 Gy was delivered to the lesion margin at the
50% isodose line. Three years after the first radiosurgery,
vertebral angiography showed a small residual nidus in
the left cerebellar hemisphere [Figure lc]. The patient
underwent repeat radiosurgery at the previous institution
using a Leksell Gamma Knife model C unit (Elekta AB)
4 years after initial radiosurgery. The target volume of
the nidus was 1.5 em’, a larger volume than that at the
initial radiosurgery, and was intended to improve the
treatment efficacy. The procedure was planned using
GammaPlan software and a prescribed dose of 24 Gy
was delivered to the lesion margin at the 60% isodose
line. Vertebral angiography obtained at 5 years after the
second radiosurgery revealed complete disappearance
of the AVM [Figure 1d]. However, T2-weighted MR
imaging and postcontrast T1-weighted MR imaging
obtained at 7 years after the second radiosurgery revealed
an enhanced lesion adjacent to the cyst formation in the

g C

Figure 1:(a) CT scan at initial onset demonstrating left cerebellar
hemorrhage with subarachnoid hemorrhage. (b) Left vertebral
angiogram before first gamma knife radiosurgery showing a
left cerebellar hemispheric AVM supplied by posterior inferior
cerebellar artery (arrow). (c) Left vertebral angiogram at 3
years after first radiosurgery revealing residual nidus in the left
cerebellar hemisphere (arrowhead). (d) Left vertebral angiogram
obtained at 5 years after the second radiosurgery revealing no
residual AYM nidus
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left cerebellar hemisphere [Figure 2a, b]. The patient
was lost to follow up during the 18 months after the last
examination. The patient subsequently presented with
headache and nausea, which had persisted over 3 weeks,
at age 34 years in the 32" week of pregnancy, and was
referred to our institution 9 years after the second
radiosurgery.

The patient had headache and nausea, but no other
neurological deficits were identified except for House—
Brackmann grade 3 facial palsy persisting since her
childhood. Other medical history was unremarkable.
On admission, CT demonstrated an irregularly shaped,
heterogeneous high density hematoma with perifocal
edema in the vermis extending to the left cerebellar
hemisphere [Figure 2c]. Her infant was delivered by
cesarean section immediately after admission and osmotic
therapy was started. Despite conservative management,
disturbance of consciousness developed and deteriorated
due to the extensive perifocal edema and hydrocephalus.
Three-dimensional CT angiography revealed no vascular
abnormality around the lesion.

Midline suboccipital craniotomy was performed and
cerebrospinal fluid was released from the ventricular
drainage. A very firm, reddish angiomatous nodular
granuloma with adjacent cyst was visualized in
the  cerebellar  hemisphere.  Indocyanine  green
videoangiography confirmed the absence of abnormal
vasculature around the lesion. The lesion contained
angiomatous capsule and firm organized hematoma.
Gross total resection was achieved without injury to the
surrounding structures. No AVM nidus was observed
during surgery. Her symptom was completely resolved

Figure 2: Axial T2-weighted MR image (a) and postcontrast
Tl-weighted MR image (b) demonstrating appearance of the
enhanced lesion adjacent to the cyst formation in the left cerebellar
hemisphere at 7 years after second radiosurgery. (c) CT scan
showing an irregularly shaped, mixed density lesion with extensive
edema in the left cerebellar hemisphere. (d) Postoperative
gadolinium-enhanced T |-weighted MR image demonstrating total
removal of the lesion
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immediately after surgery and the postoperative course
was uneventful. Postoperative MR imaging revealed
total resection of the hematoma with the adjacent
cyst [Figure 2d]. Postoperative angiography confirmed
disappearance of the AVM. Her baby's growth and

development was also normal.

Histological ~examination of the lesion obtained
during surgery demonstrated encapsulated hematoma
consisting of a dense collagenous outer layer and a
granulated, newly vascularized, angiomatous inner
layer  with  extensive multinodular  hemorrhage
at various stages of organization [Figure 3a].
Hemosiderin deposits and coagulation necrosis were
also observed [Figure 3b]. The microvasculature in the
mmner layer demonstrated inflammatory infiltration in
the vascular walls and thickening of the vessel walls
with hyaline degeneration, which are characteristic
findings of vasculitis [Figure 3c]. Immunohistochemical
examination demonstrated strong staining for CD34 in
the microvasculature [Figure 3d].

DISCUSSION

Chronic encapsulated expanding hematoma after
gamma knife radiosurgery

Chronic encapsulated expanding hematoma is a rare
but very important late onset complication after
gamma knife radiosurgery for AVMs, and may develop
even if angiographic disappearance has been achieved.
Surgical treatment may be required due to progression
in some cases."""*"” Chronic encapsulated expanding

Figure 3: (a) Photomicrographs of the chronic encapsulated
expanding hematoma demonstrating angiomatous abnormal
vessels, multifocal hemorrhage, and coagulation necrosis. HE,
original magnification x100. (b) Areas of coagulation necrosis
and extensive hemorrhage. HE, original magnification %200.
(c) Angiomatous region showing thickening of the vessel walls
with hyaline degeneration and inflammatory infiltration. HE,
original magnification %200. (d) Immunohistochemical examination
demonstrating strong staining for CD34 in the microvasculature.
Original magnification x200

hematoma is often accompanied by cyst formation,
which tends to occur in patients followed up for longer
than 5 years after gamma knife radiosurgery!" Larger
nidus volume and higher radiation dose may be risk
factors for delayed cyst formation,'* but cyst formation
may still occur despite a relatively small nidus and low
prescribed margin  dose."” Total obliteration can be
achieved after repeat stereotactic radiosurgery (SRS) for
incomplete obliteration after initial SRS.5*1%] Delayed
cyst formation occurred in 4.6% of cases at a median
of 108 months after repeat SRS. In the present case,
chronic encapsulated expanding hematoma occurred
9 years after the second radiosurgery for the relatively
small residual nidus, The cumulative radiation dose was
44 Gy to the lesion margin, which was presumably high
enough to induce the hematoma.

Chronic encapsulated expanding hematoma
during pregnancy

The present case of cerebellar chronic encapsulated
expanding hematoma occurred during pregnancy,
9 years after the second radiosurgery. Such occurrence
of chronic encapsulated expanding hematoma during
pregnancy has not been reported previously, and
the etiology and appropriate management strategies
remain unclear. Several studies have demonstrated
rapid enlargement of intracranial meningiomas during

pregnancy.!'"1*?] The rate of presentation increased in
‘the second and third trimesters. Several mechanisms,
such as increased blood volume, vascular engorgement,

increase in  tumor-associated  vascularity, increase
in intracellular fluid, and increased edema, may
explain both the rapid increase in tumor size during
pregnancy as well as the frequent partial regression
postpartum.12122]  Recent = studies showed that
pregnancy and the puerperium are associated with
increased risks of hemorrhage and aggressive behavior in
cavernous malformations and other vascular lesions.*'7]
In the present case, the chronic encapsulated expanding
hematoma became symptomatic in the third trimester,
suggesting relatively rapid progression during pregnancy
because this period was only 18 months after the last
follow-up examination.

Recent experimental studies have revealed that
representative histological changes in smaller arterioles
or the microvasculature after irradiation are likely
to be caused by microvasculitis, which consists of
hyaline degeneration, fibrinoid necrosis, lymphocytic
infiltration, and adventitial fibrosis.'>*"1%2!l Histological
examination of the present case revealed extensive
multifocal hemorrhage with multi-stage organization
from abnormal angiomatous vessels with hyaline
degeneration adjacent to coagulation necrosis. These
findings are compatible with those of the experimental
studies. On the basis of these findings, we suggest
that repeated hemorrhage from the abnormal fragile
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vasculature with subsequent multi-stage organization in
the lesion occurred during pregnancy due to increased
blood volume and vascular engorgement, and this may
have caused the rapid enlargement of the hematoma and
increased perifocal edema resulting in the progressive
deterioration of neurological symptoms during late
pregnancy.

The optimum timing for neurosurgical intervention
in pregnant patients remains to be elucidated. The
indications for surgery and delivery must be determined
in relation to the severity of the neurological symptoms
in the mother, the aggressiveness of the lesion, and the
gestational period."”) The general recommendation is
that neurosurgical intervention should be avoided in
the late second and third trimester, because of the high
risk of intracranial hemorrhage associated with increased
maternal intravascular volume. However, cesarean delivery
under general anesthesia with subsequent neurological
decompression should be considered for patients with
risk of cerebellar herniation."*") Chronic encapsulated
expanding hematoma in the cerebellum may cause
severe clinical problems and is potentially life-threatening
because of the proximity to the brainstem and fourth
ventricle. The urgency of such condition increases the
likelihood of surgical intervention during pregnancy. Most
obstetricians and pediatricians would consider that the
delivery should be delayed to 32 weeks of gestation to
ensure fetal maturity and survival. In the present case, the
patient only complained of headache and was relatively
stable on admission, so that cesarean section could be
performed under general anesthesia immediately after
admission, because the gestational age was 32 weeks and
the condition of her infant was stable. After delivery, her
neurological status rapidly deteriorated due to increased
perifocal edema and development of hydrocephalus, so
that midline suboccipital craniotomy was performed.
Her neurological deficits were immediately resolved after
surgery.

The present case implicates pregnancy as a
potential promoter of growth and enlargement of
chronic encapsulated expanding hematoma, which
may become life-threatening and require surgical
intervention. Accurate diagnosis and immediate
surgical management after delivery are likely to result
in favorable outcome. We suggest that cesarean section
followed by craniotomy is indicated for patients with
chronic encapsulated expanding hematoma who are
neurologically unstable with conservative therapy in
late pregnancy.

CONCLUSION

The present case shows that chronic encapsulated
expanding hematoma after gamma knife radiosurgery
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may develop and increase the risk of hemorrhage,
with more aggressive behavior during late pregnancy.
Craniotomy and total removal of the lesion after delivery
by cesarean section under general anesthesia resulted
in good outcome. However, the patient should be
warned of the risk of this life-threatening complication
prior to attempts at bccoming pregnant. Therefore,
follow-up examinations should be regularly scheduled
for young women of child bearing age after gamma
knife radiosurgery for AVMs, despite the confirmation
of angiographic disappearance of AVM nidus, because
of the difficulty in predicting rapid progression of the
chronic encapsulated expanding hematoma during
pregnancy.
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