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脳卒中後の早期離床は多くのガイドラインで推奨されている 
Early mobilization after stroke is recommended  in many guidelines.
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People with acute stroke should be mobilised within 24 hours of 
stroke onset, unless medically unstable, by an appropriately trained 
healthcare professional with access to appropriate equipment.
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正常な心電図では心拍のリズムが一定





しんぼうさいどう 

心房細動









血栓予防するためには 

フィブリンができないようにすればよい
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フィブリンの生成を阻害する2種類の薬 

ワーファリン vs. NOAC
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F02 プラザキサ

イグザレルト 
エリキュース 
リクシアナ

阻害１

NOACはF02a or F10aの直接阻害



Vitamin K antagonist, VKA

ワーファリン 
warfarin 

1-5mg





プラザキサ 
dabigatran 

220mg/150mg

イグザレルト 
rivaroxaban 
15mg/10mg

リクシアナ 
edoxaban 
60mg/30mg

エリキュース 
apixaban 
10mg/5mg

Non-vitamin K oral anticoagulants, NOAC





非弁膜症性心房細動の100人中，年間6人脳塞栓症が発症する

抗凝固療法を行うと，年間2人に減少する

ワーファリンもNOACも脳塞栓予防する効果は同じ
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ワーファリンだと年間0.8人の脳出血を合併

NOACだと年間0.4人の脳出血を合併

NOACだと脳出血を合併するリスクが半分になる



値段は10倍だけど，副作用は半分になるNOAC?



心原性脳塞栓症の発症前抗凝固療法

n=61, 2013年1月-2016年12月



ワーファリン or NOAC?



健康診断に行ってきちんと心電図検査をうけることの方が大切



NOAC ⾼価
， 安全 脳 塞 予防
．�

薬 使⽤ ？
治療 受 ⼤切！

最先端の脳卒中医療



心房細動による脳塞栓症になってしまうと…



Cerebral embolism, 89y.o., Male, CHADS2 score5 Day0



89y.o., Male, CHADS2 score5 Day1



89y.o., Male, CHADS2 score5 Day7



大きな脳梗塞になると，脳はゆがんで命を落とす



modified Rankin Scale
Grade 0 症状なし

Grade 1
症状あるが特に問題となる障害はなし
日常の勤めや活動は可能

Grade 2
軽度の障害
以前の活動はできないが，介助なしに身の回りのことができる

Grade 3
中等度の障害
何らかの介助を必要とするが，介助なしに歩行可能

Grade 4
比較的高度の障害
歩行や身体的要求には介助が必要

Grade 5
高度の障害
寝たきり，失禁状態，常に介護と見守りが必要

Grade 6 死亡

modified Rankin Scale (mRS) 修正ランキンスケール

Stroke 1988;19:604-607

Grade 6は原典に記載なし





できたての血栓なら，フィブリンを切って溶かせばよい



組織プラスミノーゲン活性化因子 
tissue plasminogen activator (       )tPA



プラスミノーゲン プラスミン フィブリン

フィブリン分解産物

tPAの作用機序

フィブリノーゲン

tPA



Tissue plasminogen activator for acute ischemic stroke

N Engl J Med 1995;333:1581-7 

発症3時間以内のtPA静脈注射の効果について検討 

624例の無作為2重盲検試験 

Part1 (291例): 発症24時間での神経学的症状の改善_NIHSS4点以上の改善 

Part2 (333例): 発症3カ月での臨床的予後_NIHSS, Barthel index, mRS, GOS
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ter and, where appropriate, time from the onset of the stroke were
used to stratify the data.

 

Primary Outcome in Part 1

 

For each primary hypothesis, Mantel–Haenszel tests were used to
compare the proportion of patients with improvement in the NIHSS
24 hours after the onset of stroke. There was no adjustment for mul-
tiple comparisons, since the three hypotheses were prespecified. Pa-

tients who for some reason were not assessed with the NIHSS at 24
hours were considered to have had no improvement.

 

Primary Outcome in Part 2

 

The primary hypothesis was tested with a global statistic (the Wald
test) derived from a general linear model with logit-link function,
computed with the use of generalized estimating equations.
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 This
global test statistic simultaneously tests for effect in all four outcome
measures specified in the primary hypothesis. Patients who died be-
fore the three-month assessment were given the worst possible score
for all outcomes. In cases of surviving patients with missing outcome
data, outcome data obtained after three months were used; if there
were none, the data from the measurement closest in time, but at least
seven days after randomization, were used. Otherwise, the worst pos-
sible score was assigned. Mantel–Haenszel tests comparing the differ-
ences in each of the four measures were planned only if the global-
test results were significant at the 0.05 level. Each univariate test used
a critical level of 0.05 as a guideline to interpretation. An additional
global test was performed after adjustment for the stratifying vari-
ables and for covariates that differed significantly at base line between
the two groups (P

 

!

 

0.05).

 

Secondary Analyses

 

Intention-to-treat analysis was used for the secondary outcomes at
three months in part 1 and for the NIHSS measurement at 24 hours
in part 2. These secondary analyses were considered descriptive. For
binary outcomes, Mantel–Haenszel tests were used to compare indi-
vidual variables between groups, and global tests were used to com-
pare sets of variables. Analysis of covariance was used for post hoc
comparisons of median NIHSS scores on the ranked data.

 

Monitoring for Efficacy

 

Interim analyses with adjusted critical levels for the primary out-
comes were performed once during part 1 and once during part 2.
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Monitoring for Safety

 

Intracranial hemorrhage, serious systemic bleeding, death, and new
stroke were the primary adverse events monitored. To detect intracra-
nial hemorrhage, CT scans were required at 24 hours and 7 to 10 days
after the onset of stroke and when any clinical finding suggested hem-
orrhage. A hemorrhage was considered symptomatic if it was not seen
on a previous CT scan and there had subsequently been either a sus-
picion of hemorrhage or any decline in neurologic status. All CT

 

*Plus–minus values are means 
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SD. Because of rounding, not all columns total 100 percent.

†To convert values for glucose to millimoles per liter, multiply by 0.05551.

 

Table 2. Base-Line Characteristics of the Patients in the Two
Parts of the Study, According to Treatment Group.
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Stroke subtype (%)

Small-vessel occlusive
Cardioembolic
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Blood pressure (mm Hg)
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CT findings (%)

Edema
Mass effect

5
3

3
2

4
3

6
4

 

*Improvement was defined as a 4-point improvement in the NIHSS score from base-line values or complete resolution of the neurologic deficit.

†CI denotes confidence interval.

‡The Mantel–Haenszel test was used with stratification according to clinical center and, for analyses of 0-to-180
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minute groups, the time to treatment after the onset of
stroke (0 to 90 minutes or 91 to 180 minutes).

§Interquartile range.
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Table 3. Scores on the NIHSS 24 Hours after the Onset of Stroke.
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minimal or no disability (a score of 95 or 100 on the
Barthel index) in the t-PA group. There was also an
11 percent absolute (55 percent relative) increase in
the number of patients with an NIHSS score of 0 or 1
in this group. A similar magnitude of effect was seen
with respect to the absolute and relative improvement
in the t-PA group with the use of the modified Rankin
scale and the Glasgow outcome scale. The inclusion of
variables that differed between the two groups at base
line (aspirin use, weight, and age) as covariates in
addition to the clinical center and time to treatment
after the onset of stroke in the global test increased
the odds ratio to 2.0 (95 percent confidence interval,
1.3 to 3.1). Secondary outcomes for part 1 and data
from the combined analysis for both time strata are
also shown in Table 4 and indicate the same pattern
of benefit for t-PA. There were no significant differ-
ences in mortality between the groups (Fig. 1). By 90
days after the onset of stroke, 54 of the 312 t-PA–
treated patients had died (17 percent), as compared
with 64 of the 312 placebo-treated patients (21 per-
cent) (P!0.30).

Figure 2 shows the outcome at three months in part
2 of the study. The results of all four outcome measures
favor the t-PA group. The greater proportion of pa-

tients left with minimal or no deficit three months after
t-PA therapy, as compared with placebo treatment, was
not accompanied by an increase in severe disability or
mortality. The results were similar in part 1. The posi-
tive effect of t-PA on all outcome measures at three
months was seen consistently in subgroups categorized
according to age, base-line classification of the stroke
subtype (Table 5), severity of the stroke, and use of as-
pirin before the stroke.

Symptomatic intracerebral hemorrhage during the
first 36 hours occurred more commonly in t-PA–treat-
ed patients (P"0.001 for the combined analysis) (Ta-
ble 6). Patients with symptomatic intracranial hemor-
rhage had more severe deficits at base line (median
NIHSS score, 20; range, 3 to 29) than the study popu-
lation as a whole (median NIHSS score, 14; range, 1 to
37). Nine percent of the patients with intracranial
hemorrhage had CT evidence of cerebral edema at
base line, as compared with 4 percent of the study pop-
ulation as a whole. Another six patients had sympto-
matic intracranial bleeding (four given t-PA and two
given placebo) between 36 hours and three months af-
ter the start of treatment. Eleven deaths were attribut-
ed to intracerebral hemorrhage. At three months, 17 of
the 28 patients with symptomatic hemorrhage (61 per-
cent) had died. 

The rate of asymptomatic intracerebral hemorrhage
was similar in the two groups. The percentage of pa-
tients with serious systemic bleeding during the first 10
days was similar in part 1 (two patients in the t-PA
group and none in the placebo group) and part 2 (three
patients in the t-PA group and none in the placebo
group). Minor external bleeding during the first 10 days
was more common with t-PA than placebo (23 percent
vs. 3 percent).

In part 1 of the study, new ischemic strokes occurred

Figure 2. Outcome at Three Months in Part 2 of the Study, Ac-
cording to Treatment.

Scores of #1 on the NIHSS, 95 or 100 on the Barthel index, #1
on the modified Rankin scale, and 1 on the Glasgow outcome
scale were considered to indicate a favorable outcome. Values

do not total 100 percent because of rounding.
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*Eighteen patients (2.9 percent) with other stroke subtypes were excluded from the
analysis.

†Scores of 95 or 100 on the Barthel index, #1 on the NIHSS and modified Rankin scale,
and 1 on the Glasgow outcome scale were considered to indicate a favorable outcome.

Table 5. Outcome at Three Months According to the Classifica-
tion of the Stroke Subtype at Base Line.

STROKE SUBTYPE* t-PA PLACEBO

NO. OF 
PATIENTS

% WITH 
FAVORABLE 
OUTCOME†

NO. OF 
PATIENTS

% WITH 
FAVORABLE

 OUTCOME†

Small-vessel occlusive 51 30
Barthel index 75 50
Modified Rankin scale 63 40
Glasgow outcome scale 63 43
NIHSS 47 33

Large-vessel occlusive
Barthel index
Modified Rankin scale
Glasgow outcome scale
NIHSS

117
49
40
45
33

135
36
22
28
18

Cardioembolic
Barthel index
Modified Rankin scale
Glasgow outcome scale
NIHSS

136
46
38
39
29

137
37
28
31
20
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minimal or no disability (a score of 95 or 100 on the
Barthel index) in the t-PA group. There was also an
11 percent absolute (55 percent relative) increase in
the number of patients with an NIHSS score of 0 or 1
in this group. A similar magnitude of effect was seen
with respect to the absolute and relative improvement
in the t-PA group with the use of the modified Rankin
scale and the Glasgow outcome scale. The inclusion of
variables that differed between the two groups at base
line (aspirin use, weight, and age) as covariates in
addition to the clinical center and time to treatment
after the onset of stroke in the global test increased
the odds ratio to 2.0 (95 percent confidence interval,
1.3 to 3.1). Secondary outcomes for part 1 and data
from the combined analysis for both time strata are
also shown in Table 4 and indicate the same pattern
of benefit for t-PA. There were no significant differ-
ences in mortality between the groups (Fig. 1). By 90
days after the onset of stroke, 54 of the 312 t-PA–
treated patients had died (17 percent), as compared
with 64 of the 312 placebo-treated patients (21 per-
cent) (P!0.30).

Figure 2 shows the outcome at three months in part
2 of the study. The results of all four outcome measures
favor the t-PA group. The greater proportion of pa-

tients left with minimal or no deficit three months after
t-PA therapy, as compared with placebo treatment, was
not accompanied by an increase in severe disability or
mortality. The results were similar in part 1. The posi-
tive effect of t-PA on all outcome measures at three
months was seen consistently in subgroups categorized
according to age, base-line classification of the stroke
subtype (Table 5), severity of the stroke, and use of as-
pirin before the stroke.

Symptomatic intracerebral hemorrhage during the
first 36 hours occurred more commonly in t-PA–treat-
ed patients (P"0.001 for the combined analysis) (Ta-
ble 6). Patients with symptomatic intracranial hemor-
rhage had more severe deficits at base line (median
NIHSS score, 20; range, 3 to 29) than the study popu-
lation as a whole (median NIHSS score, 14; range, 1 to
37). Nine percent of the patients with intracranial
hemorrhage had CT evidence of cerebral edema at
base line, as compared with 4 percent of the study pop-
ulation as a whole. Another six patients had sympto-
matic intracranial bleeding (four given t-PA and two
given placebo) between 36 hours and three months af-
ter the start of treatment. Eleven deaths were attribut-
ed to intracerebral hemorrhage. At three months, 17 of
the 28 patients with symptomatic hemorrhage (61 per-
cent) had died. 

The rate of asymptomatic intracerebral hemorrhage
was similar in the two groups. The percentage of pa-
tients with serious systemic bleeding during the first 10
days was similar in part 1 (two patients in the t-PA
group and none in the placebo group) and part 2 (three
patients in the t-PA group and none in the placebo
group). Minor external bleeding during the first 10 days
was more common with t-PA than placebo (23 percent
vs. 3 percent).

In part 1 of the study, new ischemic strokes occurred

Figure 2. Outcome at Three Months in Part 2 of the Study, Ac-
cording to Treatment.

Scores of #1 on the NIHSS, 95 or 100 on the Barthel index, #1
on the modified Rankin scale, and 1 on the Glasgow outcome
scale were considered to indicate a favorable outcome. Values

do not total 100 percent because of rounding.
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minimal or no disability (a score of 95 or 100 on the
Barthel index) in the t-PA group. There was also an
11 percent absolute (55 percent relative) increase in
the number of patients with an NIHSS score of 0 or 1
in this group. A similar magnitude of effect was seen
with respect to the absolute and relative improvement
in the t-PA group with the use of the modified Rankin
scale and the Glasgow outcome scale. The inclusion of
variables that differed between the two groups at base
line (aspirin use, weight, and age) as covariates in
addition to the clinical center and time to treatment
after the onset of stroke in the global test increased
the odds ratio to 2.0 (95 percent confidence interval,
1.3 to 3.1). Secondary outcomes for part 1 and data
from the combined analysis for both time strata are
also shown in Table 4 and indicate the same pattern
of benefit for t-PA. There were no significant differ-
ences in mortality between the groups (Fig. 1). By 90
days after the onset of stroke, 54 of the 312 t-PA–
treated patients had died (17 percent), as compared
with 64 of the 312 placebo-treated patients (21 per-
cent) (P!0.30).

Figure 2 shows the outcome at three months in part
2 of the study. The results of all four outcome measures
favor the t-PA group. The greater proportion of pa-

tients left with minimal or no deficit three months after
t-PA therapy, as compared with placebo treatment, was
not accompanied by an increase in severe disability or
mortality. The results were similar in part 1. The posi-
tive effect of t-PA on all outcome measures at three
months was seen consistently in subgroups categorized
according to age, base-line classification of the stroke
subtype (Table 5), severity of the stroke, and use of as-
pirin before the stroke.

Symptomatic intracerebral hemorrhage during the
first 36 hours occurred more commonly in t-PA–treat-
ed patients (P"0.001 for the combined analysis) (Ta-
ble 6). Patients with symptomatic intracranial hemor-
rhage had more severe deficits at base line (median
NIHSS score, 20; range, 3 to 29) than the study popu-
lation as a whole (median NIHSS score, 14; range, 1 to
37). Nine percent of the patients with intracranial
hemorrhage had CT evidence of cerebral edema at
base line, as compared with 4 percent of the study pop-
ulation as a whole. Another six patients had sympto-
matic intracranial bleeding (four given t-PA and two
given placebo) between 36 hours and three months af-
ter the start of treatment. Eleven deaths were attribut-
ed to intracerebral hemorrhage. At three months, 17 of
the 28 patients with symptomatic hemorrhage (61 per-
cent) had died. 

The rate of asymptomatic intracerebral hemorrhage
was similar in the two groups. The percentage of pa-
tients with serious systemic bleeding during the first 10
days was similar in part 1 (two patients in the t-PA
group and none in the placebo group) and part 2 (three
patients in the t-PA group and none in the placebo
group). Minor external bleeding during the first 10 days
was more common with t-PA than placebo (23 percent
vs. 3 percent).

In part 1 of the study, new ischemic strokes occurred

Figure 2. Outcome at Three Months in Part 2 of the Study, Ac-
cording to Treatment.

Scores of #1 on the NIHSS, 95 or 100 on the Barthel index, #1
on the modified Rankin scale, and 1 on the Glasgow outcome
scale were considered to indicate a favorable outcome. Values

do not total 100 percent because of rounding.
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*Eighteen patients (2.9 percent) with other stroke subtypes were excluded from the
analysis.

†Scores of 95 or 100 on the Barthel index, #1 on the NIHSS and modified Rankin scale,
and 1 on the Glasgow outcome scale were considered to indicate a favorable outcome.

Table 5. Outcome at Three Months According to the Classifica-
tion of the Stroke Subtype at Base Line.

STROKE SUBTYPE* t-PA PLACEBO

NO. OF 
PATIENTS

% WITH 
FAVORABLE 
OUTCOME†

NO. OF 
PATIENTS

% WITH 
FAVORABLE

 OUTCOME†

Small-vessel occlusive 51 30
Barthel index 75 50
Modified Rankin scale 63 40
Glasgow outcome scale 63 43
NIHSS 47 33

Large-vessel occlusive
Barthel index
Modified Rankin scale
Glasgow outcome scale
NIHSS

117
49
40
45
33

135
36
22
28
18

Cardioembolic
Barthel index
Modified Rankin scale
Glasgow outcome scale
NIHSS

136
46
38
39
29

137
37
28
31
20
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発症3時間以内であれば，tPA投与より 

元の日常生活にもどれる患者さんが26%から39%に増える
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lation as a whole (median NIHSS score, 14; range, 1 to
37). Nine percent of the patients with intracranial
hemorrhage had CT evidence of cerebral edema at
base line, as compared with 4 percent of the study pop-
ulation as a whole. Another six patients had sympto-
matic intracranial bleeding (four given t-PA and two
given placebo) between 36 hours and three months af-
ter the start of treatment. Eleven deaths were attribut-
ed to intracerebral hemorrhage. At three months, 17 of
the 28 patients with symptomatic hemorrhage (61 per-
cent) had died. 

The rate of asymptomatic intracerebral hemorrhage
was similar in the two groups. The percentage of pa-
tients with serious systemic bleeding during the first 10
days was similar in part 1 (two patients in the t-PA
group and none in the placebo group) and part 2 (three
patients in the t-PA group and none in the placebo
group). Minor external bleeding during the first 10 days
was more common with t-PA than placebo (23 percent
vs. 3 percent).

In part 1 of the study, new ischemic strokes occurred

Figure 2. Outcome at Three Months in Part 2 of the Study, Ac-
cording to Treatment.

Scores of #1 on the NIHSS, 95 or 100 on the Barthel index, #1
on the modified Rankin scale, and 1 on the Glasgow outcome
scale were considered to indicate a favorable outcome. Values

do not total 100 percent because of rounding.
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*Eighteen patients (2.9 percent) with other stroke subtypes were excluded from the
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tPAは有効だが，半分以上の患者さんは日常生活にもどれない







溶けない血栓は引っこ抜いてしまえばよい (^@^)



急性期機械的血栓回収術 
Mechanical thrombectomy for acute ischemic stroke 
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急性期機械的血栓回収術 
Mechanical thrombectomy, MET

血栓は「溶かす」から「回収」する治療
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Penumbra MAX Pump
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左中大脳動脈閉塞症

60y.o., Male, NIHSS 14/42, DWI-ASPECTS 10, O2P 100min, mTICI3, mRS0@POD90days
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血栓回収療法の有効性が示された5つの臨床試験のメタ解析 

目的：様々な背景を有する前方循環系近位部脳梗塞急性期患者における急性期再開通療法
の有効性を検討  

対象：1287例で血栓回収療法群 + 標準治療 (tPA) 634例 vs コントロール (tPAのみ) 653例 

方法：平均41.0カ月追跡し，年間破裂率，動脈瘤破裂および増大の危険因子を検討 

主要評価項目：90日後のmRS

Highly Effective Reperfusion Evaluated in Multiple Endovascular Stroke Trials 
(HERMES) 
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発症6時間以内であれば，半数は歩いて退院できる!





プラスミノーゲン プラスミン フィブリン

フィブリン分解産物

フィブリノーゲン

tPA

テネクテプラーゼ 
半減期 24分 
0.25mg/kg 
10秒で静注 
フィブリン親和性が高い

アルテプラーゼ 
半減期 6分 
0.6mg/kg 
投与量10%を急速投与 1-2分 
投与量90%を1時間で静注
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Tenecteplase versus alteplase before thrombectomy for ischemic stroke.

N Engl J Med 2018;378:1573-1582

発症4.5時間以内の血栓回収前のtPA静脈注射の効果について検討 

202例の無作為2重盲検試験 

テネクテプラーゼ (0.25mg/kg)  vs. アルテプラーゼ (0.9mg/kg)を比較 

評価項目  

主要アウトカム: 50%超再灌流 + 初回血管撮影時に回収可能な血栓がないこと 

副次的アウトカム: mRS@90days 

結果 
主要アウトカム: テネクテプラーゼ 22% vs アルテプラーゼ 10% 
 (incidence ratio 2.2, 95%CI 1.1-4.4, P=0.002 for noninferiority, P=0.03 for superiority) 

副次的アウトカム: median mRS, テネクテプラーゼ 2 vs アルテプラーゼ 3 
 (common odds ratio 1.7, 95%CI 1.0-2.8, P=0.04)



N Engl J Med 2018;378:1573-1582
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Tenecteplase vs. Alteplase for Ischemic Stroke

1.9; P = 0.06 with adjustment for baseline NIHSS 
score). At 72 hours, the median NIHSS score was 
2 (interquartile range, 0 to 10) among patients 
in the tenecteplase group and 3 (interquartile 
range, 1 to 13) among those in the alteplase 
group (odds ratio, 1.4; 95% CI, 1.0 to 1.9; 
P = 0.053, with adjustment for baseline NIHSS 
score) (Fig. 2).

Safety
Symptomatic intracerebral hemorrhage occurred 
in two patients. One patient in the tenecteplase 
group, who also received intravenous heparin 
during carotid endarterectomy, had symptomat-
ic intracerebral hemorrhage. Symptomatic intra-
cerebral hemorrhage also occurred in one pa-
tient in the alteplase group; thrombectomy had 
not been performed in this patient because of 
reperfusion before the initial angiographic assess-
ment, but parenchymal hematoma contralateral 
to the infarction developed, resulting in death.

There were 10 deaths in the tenecteplase 
group and 18 in the alteplase group, but the dif-
ference was not significant in the prespecified 
logistic-regression analysis (Table 2). A list of 
adverse events, including causes of death, and 
a list of serious adverse events are provided in 
Tables S3 and S4, respectively, in the Supplemen-
tary Appendix.

Discussion

Among patients with acute ischemic stroke from 
major cerebral vessel occlusion within 4.5 hours 
after the onset of symptoms, intravenous tenecte-
plase resulted in a higher incidence of reperfu-
sion of the occluded vascular territory before 
endovascular thrombectomy than did intravenous 
alteplase. We expected the effect on the clinical 
outcome of endovascular thrombectomy to ob-
scure any potential difference between tenecte-
plase and alteplase and therefore chose the tech-
nical efficacy of substantial reperfusion for the 
primary outcome. The trial was powered for 
noninferiority, not for superiority, and the sig-
nificance of superiority for the primary outcome 
of reperfusion was therefore less robust. Patients 
in the tenecteplase group had significantly bet-
ter functional outcomes than those in the alte-
plase group in an ordinal analysis of the modi-
fied Rankin scale scores but not according to 

Figure!1.!Modified!Rankin!Scale!Scores!at!90!Days!in!the!Intention-to-Treat!
Population.

Shown are the results of the ordinal analysis of the modified Rankin scale 
scores at 90 days. Scores range from 0 to 6, with 0 indicating no neurologic 
deficit, 1 no clinically significant disability, 2 slight disability (able to handle 
own affairs without assistance but unable to carry out all previous activities), 
3 moderate disability requiring some help (e.g., with shopping, cleaning, 
and finances but able to walk unassisted), 4 moderately severe disability 
(unable to attend to bodily needs without assistance and unable to walk 
unassisted), 5 severe disability (requiring constant nursing care and atten-
tion), and 6 death. Patients in the tenecteplase group had a median score 
of 2, as compared with a median score of 3 among patients in the alteplase 
group (common odds ratio, 1.7; 95% CI, 1.0 to 2.8; P = 0.04). Percentages 
may not total 100 because of rounding.
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No symptoms Death
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Alteplase
Group

(N=101)
18 23 9 12 14 7 18
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Group
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Figure!2.!Distribution!of!National!Institutes!of!Health!Stroke!Scale!(NIHSS)!
Scores!at!Baseline,!24!Hours,!and!72!Hours.

Scores on the NIHSS, a standardized neurologic examination, range from 0 
(normal function) to 42 (death), with lower scores indicating less severe 
stroke. The horizontal line in each box represents the median, and the top 
and bottom of the boxes the interquartile range. I bars indicate 1.5 times 
the interquartile range, and the dots outliers. Differences in early neurologic 
improvement (defined as a reduction of 8 points in the NIHSS score between 
baseline and 72 hours or as a score of 0 or 1 at 72 hours) between the 
 tenecteplase group and the alteplase group were not significant.
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新しいtPAと血栓回収用いれば，発症3カ月後に63%は歩ける



治療 進歩 ，�
急性期脳 塞 半分以上 独歩退院

！

最先端の脳卒中医療



アメリカ合衆国建国の父 

Benjamin Franklin



Advice to a young Tradesman, written by an old One. 

To my Friend A. B. 

As you have desired it of me, I write the following Hints, which have been of Service to me, 
and may, if observed, be so to you. 

Remember that Time is Money. He that can earn Ten Shillings a Day by his Labour, and goes 
abroad, or sits idle one half of that Day, tho’ he spends but Sixpence during his Diversion or 
Idleness, ought not to reckon That the only Expence; he has really spent or rather thrown away 
Five Shillings besides. 

Remember that Credit is Money. If a Man lets his Money lie in my Hands after it is due, he 
gives me the Interest, or so much as I can make of it during that Time. This amounts to a 
considerable Sum where a Man has good and large Credit, and makes good Use of it. 

Remember that Money is of a prolific generating Nature. Money can beget Money, and its 
Offspring can beget more, and so on. Five Shillings turn’d, is Six: Turn’d again, ’tis Seven and 
Three Pence; and so on ’til it becomes an Hundred Pound. The more there is of it, the more it 
produces every Turning, so that the Profits rise quicker and quicker. He that kills a breeding 
Sow, destroys all her Offspring to the thousandth Generation. He that murders a Crown, 
destroys all it might have produc’d, even Scores of Pounds.

Time is Money



Time is Money



Time is Brain



脳への血流が途絶えると， 

1分間に200万個の脳細胞が死んでしまう！ 

↓ 

3時間以内に治療を開始することが大切
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病院 受診 ！

最先端の脳卒中医療



脳卒中 
 Stroke



脳梗塞 
Cerebral Infarction

脳出血 
Intracerebral Hemorrhage

くも膜下出血 
Subarachnoid Hemorrhage



脳梗塞 
Cerebral Infarction

脳出血 
Intracerebral Hemorrhage

くも膜下出血 
Subarachnoid Hemorrhage

血管がつまる 血管が切れる 脳動脈瘤が破裂



1. 頚動脈内膜剥離術 
2. 頚動脈ステント留置術 
3. 頭蓋外頭蓋内バイパス術 
4. 減圧開頭術

1. 開頭血腫除去術 
2. 神経内視鏡下血腫除去術 
3. 定位的血腫除去術

1. 開頭クリッピング術 
2. 血流変向療法 
3. 血管内コイル塞栓術

脳梗塞 
Cerebral Infarction

脳出血 
Intracerebral Hemorrhage

くも膜下出血 
Subarachnoid Hemorrhage
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Microsurgery

マイクロトレーニング 

3D画像シミュレーション 

手術動画編集







3D画像をくるくるまわして術前検討









「アンギオをよく見て，術野をイメージしなさい」









Preoperative STL images using 3D rotational angiography

Right insular AVM,SMG 1+1+0=2, 59y.o., Female











手術動画検討会 
Operation movie conference
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上手にみせるための手術プレゼンテーション 
-High-visionシステムとiMovieを用いた編集方法-

独立行政法人国立病院機構　三重中央医療センター脳神経外科　 
石田藤麿

Posterior(atlantoaxial(transar-cular(screw(fixa-on(with(
Neo’s(Aiming(Device:(A(case(report(

Masaki&Mizuno,&Keita&Kuraishi,&Hidenori&Suzuki,&*Fujimaro&Ishida&
Dept.&Of&Neurosurgery,&Mie&University&Graduate&school&of&Medicine&

*Dept.&Of&Neurosurgery,&Mie&Central&Medical&Center&

Introduction : Posterior atlantoaxial (C1-C2) transarticular screw fixation is an excellent technique that features a higher fusion rate because 
of rigid fixation1). This technique, however, has a potential risk of vertebral artery (VA) injury, the reported rates of which are relatively high, 
ranging from 0% to 8.2%. We present the evaluation and characterization of the trajectory of atlantoaxial transarticular screws inserted using 
the Neo’s Aiming Device. �

Methods : Neo reported the C1-C2 transarticular screw Aiming Device2),3), by which C1-C2 screws were inserted through 
the safest trajectory. He considered that the safest screw path is via the most dorsal and medial part of the isthmus 
regardless of the C1 anterior arch, and he invented an original aiming device to achieve this trajectory.  
Operation using Neo’s Device is performed under fluoroscopic guidance without expensive navigation system. �

Case report : A case of atlantoaxial instability caused by rheumatoid arthritis(RA) is presented. A 59-year-old female patient presented with progressively 
worsening neck pain and bilateral hand numbness. She was diagnosed by functional x-rays (Figure 6), and referred to Dept. of Neurosurgery. MRI, MRA and CT 
angiography revealed spinal cord compression at the level of C1 and high-riding Left VA(Figure 7). �

References :  [1] Magerl F, Seemann PS. Stable posterior fusion of the atlas and axis by transarticular screw fixation. In: Kehr P, Weidner A, eds. Cervical Spine I. Wien: Springer -Verlag, 1987:322–7.  
[2] Neo M, Sakamoto T, Fujibayashi S, et al. A safe trajectory for atlantoaxial transarticular fixation achieved using an aiming device. Spine. 2005;30:E236–E242.  
[3] Neo M. An essential principle for safe C1-2 transarticular screw insertion. J Spinal Disord Tech. 2008 Feb;21(1):76-7. �

Acknowledgement : No funds were received in support of this work. No benefits in any form have been or will be received from a commercial company related directly or indirectly to the subject of this manuscript.  
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はじめに  
 

Magerl 法は、 2 本のスクリューで強力な固定が得られ、術後簡易な外固定で高い骨癒合率が得られ

る優れた術式です。しかし、スクリュー挿入時の椎骨動脈 (vertebral artery､VA)損傷により、大出血、

脳梗塞、術中死など重篤な結果を招く場合がある、Magerl 法を安全に行うには、VA の走行経路の正し

い理解が重要です。  

 

VA は C6 から C3 まで頚椎横突孔内を直線的に上行しますが、C2 レベルでは特異な走行経路をとりま

す。VA は環軸関節の下で外側へ向きを変え、C2 横突孔を内側から外側へ横向きに走行します。その後、

再度頭側に向きを変え、 C1 横突孔を下から上へ通過します。このクランク状の走行は左右差や個人差

があり、比較的真直ぐ上方へ走行する場合（図 1 右）や、屈曲点が高位である場合 (“ high riding VA”

図 1 左）等、様々なバリエーションが見られるため、個々の症例に対して術前にスクリュー挿入が可

能かどうか入念な評価が必要です。  

 

どのようなバリエーションに対しても、常に最も安全なのは、スクリューが C2 isthmus(図 1 矢印 )

の最背側、最内側を通過する経路で、スクリューは VA 屈曲点 (*)の背内側を通り抜けます。この経路

は、レントゲン側面像では環軸関節後縁 (矢印 )を通り、多くの場合は結果的に C1 前弓の中央より頭側

へ向かいます。スクリューは一般に推奨されている C1 前弓を狙う経路よりも強斜位となることに注意

してください。 (図 2)この経路を取ることにより、通常の VA 走行の場合にはスクリュー挿入がより安

全となり、 VA 損傷の危険性が高い” high riding VA”においてもスクリュー挿入が可能となる症例が

増加します。  

 

本システムは、フレキシブルなデバイスを用いることにより、経皮的にスクリューを安全な強斜位

に刺入することができます。ターゲットデバイスによって予定経路に正確にガイドピンを刺入するこ

とができ、一旦ガイドピンが刺入されれば、中空構造を採用した一連のデバイスにより、確実にガイ

ドピンに沿ってスクリュー挿入を行うことが可能です。  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

図 1  図 2  

Figure&1&
*&VA&lateral&bending&point&
High&riding&VA&at&LeL&side&
Magerl&screw&inserNon&at&Right&side&

L� R�

Safe Screw Trajectory for Atlantoaxial Transarticular Fixation with Neo’s Aiming device.    (NEOC System, Nakashima medical, Okayama, Japan) 

Key point           1. the safest C2 screw path : Via the most dorsal and medial part of the C2 isthmus     (regardless of the C1 anterior arch.) 
                           2. Preoperative CT evaluation (C2 isthmus, VA high riding & VA dominancy) 

Advantage of this device 
The accuracy of the screw trajectory (Figure 9) 
No VA injury and no spinal canal violation 
 (VA injury rate 0/42 cases, 0%, include 12 high riding VAs)2) 
Only C-arm image is needed 
Less time, less money and fewer hands compared with navigation system 
Disadvantage 
Difficulty in applying for the cases of revision and anomaly cases 

Figure&2&:&SagiRal&computed&tomography&
reconstrucNon&through&the&most&medial&part&of&the&
C2&isthmus.&&
The&doRed&line&represents&the&generally&advocated&
trajectory&aiming&at&the&midpoint&of&the&anterior&arch&
of&C1,&which&breaches&the&VA&groove&(star)&in&this&
case.&&
Red&line&is&Neo’s&advocated&trajectory.&This&trajectory&
pass&the&most&posterior&part&of&the&C2&isthmus&(circle)&
and&clear&the&VA&groove&successfully.&&

hRp://www.medical.nakashima.co.jp�

tion and dorsalization indexes of one screw were 1.2 and
2.4 mm, respectively, indicating malposition of the
screw. The indexes of the other two screws were 0.8 and
0, and 0 and 0 mm, indicating acceptable and ideal screw
positioning, respectively. However, the isthmus heights
on preoperative CT were 3.5 and 3.3 mm, respectively,
being less than the screw diameter of 4 mm.

Part 2: Comparison of Screw Trajectories on
Lateral Radiograms

In the literature group, a radiogram from a case report of
an arteriovenous fistula caused by VA injury was includ-
ed.9 Retrospective review of the operation records of the
without device group revealed that unilateral VA injury
was suspected in 3 cases because of arterial bleeding after
drilling, although no remarkable blood loss and no se-
quelae were recorded in any cases. In all cases, the screw
was inserted immediately after bleeding was noted, and
the bleeding stopped. The radiographs of these 3 patients
were also included in the without device group.

The medians (ranges) of the dorsal bone thicknesses of
the aiming device, literature, and without device groups
were 0% (0%–16%), 10% (0%–25%), and 19% (9%–
39%), respectively, being significantly different between
each group (Figure 6A). The C2-screw angles of the aim-
ing device, literature, and without device groups were
64° (52°–72°), 60° (47°–90°), and 57° (49°–71°), respec-
tively (Figure 6B). There was a statistical significance
between the aiming device group and the without device
group. The screw trajectory zones of each group were 1
(1–3), 3(1–4), and 3(2–4), respectively. There were sta-
tistical significances between the aiming device group
and other two groups. The ratios of each zone in each
group are shown in Table 1.

The three parameters from the radiograph of the ar-
teriovenous fistula case9 in the literature group were
25%, 54°, and Zone 4, respectively. The parameters of
the radiographs of three VA injury cases in the without

device group were 39%, 49°, Zone 4 (Figure 7); 19%,
52°, Zone 3; and 30%, 57°, Zone 3. These demonstrated
that more a dorsal bone thickness and a lower screw
trajectory zone are associated with VA injury.

Discussion

Considering the anatomic relationship between the
C1–C2 transarticular screw and the VA, the most medial
and most dorsal part of the isthmus is the safest trajec-
tory in every case.10,13–15 Because this trajectory allows a
wider safety margin and usually more purchase on the
C1 lateral mass by the screw (Figure 2 D, E), we have
always adopted this trajectory regardless of the VA po-
sition. In the aiming device group, there were no cases in
which screw insertion was aborted due to a high-riding
VA. The screws were inserted safely, even with 12 high-
riding VAs in 10 patients, with no massive bleeding, sup-
porting the adequacy of our trajectory.

In Part 1 of the present study, the accuracy of the
screw trajectory achieved by the aiming device was con-
firmed. The medialization indexes of 86.3% of the
screws were zero. The dorsalization indexes of 76.8% of
the screws were also zero, although cortex did exist dor-
sal to the screw under direct view, with the exception of
one screw that breached the dorsal cortex of the isthmus.
Many of the dorsal cortices were invisible on CT recon-
struction, perhaps because the screw appears thicker on
CT than actually it is,42 and the resolution of reconstruc-
tion CT is poorer than that of axial CT. The lateral or
ventral deviations of the screw, if any, were less than 2.5
mm in most cases. These results demonstrate that the
screw trajectories were as aimed in most of the cases,

Figure 6. Analysis by box and
whisker plots. A, Dorsal bone thick-
ness. B, C2-screw angle. *Signifi-
cant difference, with P ! 0.01.

Table 1. The Ratio of Trajectory Zone in Each Group

Zone 1
(%)

Zone 2
(%)

Zone 3
(%)

Zone 4
(%)

Aiming device 57 38 5 0
Literature 7 31 52 10
Without device 0 26 63 11

Figure 7. Typical radiogram of a VA injury case with horizontal
screw trajectories in the without device group. The screw should
have been inserted according to the arrow.

E240 Spine • Volume 30 • Number 9 • 2005

Figure&3&:&Typical&radiogram&of&
VA&injury&case&with&horizontal&
screw&trajectories&in&the&
without&device.&The&screw&
should&have&been&inserted&
according&to&the&arrow.&

Key point           3. Aiming device : It’s the Key of saftey trajectory 

Figure&5&:&&
A:&The&aiming&device.&&
&
&
&

B:&The&aiming&device&is&assembled&with&a&flexible&guidewire&sleeve&
and&a&guidewire.&The&guidewire&passes&1&mm&from&the&Np&of&the&
aiming&device.&
&
&

&&&&&&&&&&&&&&&&&&C:&Pit&for&Aiming&device&at&the&point&
&&&&&&&&&&&&&&&&&&&&&&of&the&most&dorsal&and&medial&part&
&&&&&&&&&&&&&&&&&&&&&&of&the&C2&isthmus&&
&
&

D:&IntraoperaNve&lateral&fluoroscopic&image&obtained&during&
inserNon&of&the&guidewire.&The&guidewire&directs&superior&to&the&
anterior&arch&of&C1&(arrow).&&
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5.ガイドピン刺入  

 
オウルを抜去し、ガイドピンガイドを設置します。  

2mm 径のダイヤモンドバーを用いて可能な限り isthmus 

の内縁、関節面基部の直前にターゲットデバイス設置用  

の pit を作成します。  

 

ターゲットデバイス設置位置の決定は、安全なスクリュー  

経路作成のため極めて重要です。  

ターゲットデバイスと経皮的に通したガイドピンガイドを  

術野内で組み合わせます。  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ターゲットデバイス先端を作成した pit へ設置し、  

ガイドピンガイド先端をスクリュー挿入点へ設置します。  

スクリュー挿入点は厳密である必要はありませんが、  

pit の真っ直ぐ後方で C2 下関節突起部です。  

 

C アーム側面像を見ながら、ガイドピン (φ 1.3×450L) 
を C1 外側塊まで刺入します。 (1 ページ図 2) 

イメージでは正確な側面像を得ることが最も重要です。  

ガイドピンは環軸関節の後縁を通過します。  

イメージ上、ガイドピンは、 C1 前弓の後方皮質の手前、  

または、後頭環椎 (O-C)関節の手前で止めます。  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

注意  

 

ガイドピンはターゲットデバイス先端の 1mm 下を  

通過します。  

 

ターゲットデバイスはアームの長さ（ L）、高さ（ H）の

異なる 5 種類を用意しており、症例に応じて最適な  

形状を選択することが可能です。  

 

 Ｌ  
（長さ） 

Ｈ  
（高さ）  

Type A 25mm 12mm 

Type B 20mm 12mm 

Type C 20mm 16mm 

Type D 25mm 16mm 

Type E 30mm 12mm 
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formed in all cases except one, in which case unilateral trans-
articular screw fixation was used to reinforce an O-C3 fusion in
a patient with atlanto-occipital assimilation. The original diag-
noses included rheumatoid arthritis (25 patients), os odontoi-
deum (5 patients), osteoarthritis (6 patients), post trauma (4
patients), and others (3 patients). It was impossible to use the
device in another 3 revision patients because anatomic land-
marks had been destroyed by previous operations and bone
grafts.

CT scans with a 1-mm slice interval from C1–C2 were per-
formed before surgery for each patient, and sagittal images
were reconstructed at 2- to 3-mm intervals to evaluate the lo-
cation of the VA groove. Usually, two or three sagittal slices
were obtained for each lateral mass of C2. The authors selected
the slice in which the isthmus of C2 was thickest (the most
medial slice in all patients) and deemed that the VA was high-
riding and therefore at high risk for operation when the isthmus
height was less than 5 mm, and/or the internal height of the
lateral mass (measured from the roof of the VA groove to the
surface of the superior facet) was less than 2 mm.15,22

All operations were performed under fluoroscopic guid-
ance. For transarticular screw fixation, the Reunion bone screw
system (Surgical Dynamics Inc., Norwalk, CT), the Olerud cer-
vical system (Nordopedic AB, Uppsala, Sweden), or the Uni-
versal cannulated screw system (SofamorDanek, Memphis,
TN) were used. All types of screw have a diameter of 4 mm. In
the operation, the tip of the aiming device, which introduces a
guidewire 1 mm under the device tip (Figure 3B), is placed on
the medial ridge of the isthmus of C2 just posterior to the
atlantoaxial joint (Figure 3C). That is, the guidewire is inserted
into the most posterior part of the atlantoaxial joint through
the most dorsal and medial part of the isthmus. The guidewire
usually directs superior to the anterior arch of C1 on lateral
C-arm image (Figure 3C). It is usually difficult to insert the
screw in this steep trajectory by using a solid drill and a solid
screwdriver because the back of the patient often prevents the
surgeon from inserting the screw at steep angles. Therefore, a
flexible screw-inserting system was used. That is, the bone was
drilled along the guidewire using a flexible cannulated drill and
a screw was inserted using a flexible screwdriver. If the bone
was too hard, a flexible cannulated tap was used before insert-
ing the screw. A detailed description of the aiming device and
the flexible screw-inserting system is available elsewhere.14 An
iliac bone strut was then fixed on C1–C2 according to Gallie23

or Brooks and Jenkins,24 by using a high-density polyethylene

cable (Secure Strand Cable, Surgical Dynamics Inc.) in most
cases.

To evaluate the screw position precisely, in 37 patients,
from whom informed consent was obtained, postoperative CT
was performed using the same protocol as employed before
surgery. All patients with a high-riding VA were included. In 2
of the patients, only axial images were obtained. In the axial
images, the shortest distance between the screw and the cortex
of the spinal canal of C2 was measured and referred to as the
“medialization index” (Figure 4A). If the screw contacted the
cortex of the spinal canal, the “medialization index” was zero
(Figure 2C). In the sagittal reconstruction image through the
screw, the thickness of the bone remaining dorsal to the screw
at the isthmus of C2 was referred to as the “dorsalization in-
dex” (Figure 4B). If bone was not detected dorsal to the screw,
the dorsalization index was zero (Figure 2D, E)

Part 2: Comparison of Screw Trajectories on Lateral Ra-
diograms. To compare the screw trajectories achieved by the
aiming device with ordinary screw trajectories, three groups of
postoperative lateral radiograms were obtained. The first
group consisted of the radiograms of the patients enrolled in
Part 1, in whom the screws were inserted using the aiming
device. The second group consisted of the radiograms collected
from the literature in English. The literatures after 1993 on
upper cervical spine were collected using a journal database,
and the lateral radiograms of atlantoaxial transarticular screw
fixation were collected. The third group consisted of the radio-
grams of 23 patients (6 men and 17 women; age range, 21–83
years) in whom atlantoaxial transarticular fixation was done at
our institute between September 1994 and July 2000. At that
time, the surgeons were not aware of the importance of a steep
screw trajectory, and inserted the screw according to published
techniques; that is, they aimed at the anterior arch of C1.8,17–21

Solid instruments (drill, tap, and screwdriver) were used in the
first 16 cases. Three patients operated on between August and
November 2000 were excluded, as this was when we had un-
derstood the safest trajectory and began to develop the aiming
device, but had not used it yet.

Radiograms in which the bilateral screws align with each
other as completely as possible were selected for this study. The
one exception was the radiogram from the article by Fuji et
al,19 in which a unilateral screw and a contralateral guidewire
were aligned with each other. Radiograms of bad quality or in

Figure 3. A, The aiming device. B, The aiming device is assembled with a flexible guidewire sleeve and a guidewire. The guidewire passes
1 mm from the tip of the aiming device. C, Intraoperative lateral fluoroscopic image obtained during insertion of the guidewire. The
guidewire directs superior to the anterior arch of C1 (arrow).
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formed in all cases except one, in which case unilateral trans-
articular screw fixation was used to reinforce an O-C3 fusion in
a patient with atlanto-occipital assimilation. The original diag-
noses included rheumatoid arthritis (25 patients), os odontoi-
deum (5 patients), osteoarthritis (6 patients), post trauma (4
patients), and others (3 patients). It was impossible to use the
device in another 3 revision patients because anatomic land-
marks had been destroyed by previous operations and bone
grafts.

CT scans with a 1-mm slice interval from C1–C2 were per-
formed before surgery for each patient, and sagittal images
were reconstructed at 2- to 3-mm intervals to evaluate the lo-
cation of the VA groove. Usually, two or three sagittal slices
were obtained for each lateral mass of C2. The authors selected
the slice in which the isthmus of C2 was thickest (the most
medial slice in all patients) and deemed that the VA was high-
riding and therefore at high risk for operation when the isthmus
height was less than 5 mm, and/or the internal height of the
lateral mass (measured from the roof of the VA groove to the
surface of the superior facet) was less than 2 mm.15,22

All operations were performed under fluoroscopic guid-
ance. For transarticular screw fixation, the Reunion bone screw
system (Surgical Dynamics Inc., Norwalk, CT), the Olerud cer-
vical system (Nordopedic AB, Uppsala, Sweden), or the Uni-
versal cannulated screw system (SofamorDanek, Memphis,
TN) were used. All types of screw have a diameter of 4 mm. In
the operation, the tip of the aiming device, which introduces a
guidewire 1 mm under the device tip (Figure 3B), is placed on
the medial ridge of the isthmus of C2 just posterior to the
atlantoaxial joint (Figure 3C). That is, the guidewire is inserted
into the most posterior part of the atlantoaxial joint through
the most dorsal and medial part of the isthmus. The guidewire
usually directs superior to the anterior arch of C1 on lateral
C-arm image (Figure 3C). It is usually difficult to insert the
screw in this steep trajectory by using a solid drill and a solid
screwdriver because the back of the patient often prevents the
surgeon from inserting the screw at steep angles. Therefore, a
flexible screw-inserting system was used. That is, the bone was
drilled along the guidewire using a flexible cannulated drill and
a screw was inserted using a flexible screwdriver. If the bone
was too hard, a flexible cannulated tap was used before insert-
ing the screw. A detailed description of the aiming device and
the flexible screw-inserting system is available elsewhere.14 An
iliac bone strut was then fixed on C1–C2 according to Gallie23

or Brooks and Jenkins,24 by using a high-density polyethylene

cable (Secure Strand Cable, Surgical Dynamics Inc.) in most
cases.

To evaluate the screw position precisely, in 37 patients,
from whom informed consent was obtained, postoperative CT
was performed using the same protocol as employed before
surgery. All patients with a high-riding VA were included. In 2
of the patients, only axial images were obtained. In the axial
images, the shortest distance between the screw and the cortex
of the spinal canal of C2 was measured and referred to as the
“medialization index” (Figure 4A). If the screw contacted the
cortex of the spinal canal, the “medialization index” was zero
(Figure 2C). In the sagittal reconstruction image through the
screw, the thickness of the bone remaining dorsal to the screw
at the isthmus of C2 was referred to as the “dorsalization in-
dex” (Figure 4B). If bone was not detected dorsal to the screw,
the dorsalization index was zero (Figure 2D, E)

Part 2: Comparison of Screw Trajectories on Lateral Ra-
diograms. To compare the screw trajectories achieved by the
aiming device with ordinary screw trajectories, three groups of
postoperative lateral radiograms were obtained. The first
group consisted of the radiograms of the patients enrolled in
Part 1, in whom the screws were inserted using the aiming
device. The second group consisted of the radiograms collected
from the literature in English. The literatures after 1993 on
upper cervical spine were collected using a journal database,
and the lateral radiograms of atlantoaxial transarticular screw
fixation were collected. The third group consisted of the radio-
grams of 23 patients (6 men and 17 women; age range, 21–83
years) in whom atlantoaxial transarticular fixation was done at
our institute between September 1994 and July 2000. At that
time, the surgeons were not aware of the importance of a steep
screw trajectory, and inserted the screw according to published
techniques; that is, they aimed at the anterior arch of C1.8,17–21

Solid instruments (drill, tap, and screwdriver) were used in the
first 16 cases. Three patients operated on between August and
November 2000 were excluded, as this was when we had un-
derstood the safest trajectory and began to develop the aiming
device, but had not used it yet.

Radiograms in which the bilateral screws align with each
other as completely as possible were selected for this study. The
one exception was the radiogram from the article by Fuji et
al,19 in which a unilateral screw and a contralateral guidewire
were aligned with each other. Radiograms of bad quality or in

Figure 3. A, The aiming device. B, The aiming device is assembled with a flexible guidewire sleeve and a guidewire. The guidewire passes
1 mm from the tip of the aiming device. C, Intraoperative lateral fluoroscopic image obtained during insertion of the guidewire. The
guidewire directs superior to the anterior arch of C1 (arrow).
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formed in all cases except one, in which case unilateral trans-
articular screw fixation was used to reinforce an O-C3 fusion in
a patient with atlanto-occipital assimilation. The original diag-
noses included rheumatoid arthritis (25 patients), os odontoi-
deum (5 patients), osteoarthritis (6 patients), post trauma (4
patients), and others (3 patients). It was impossible to use the
device in another 3 revision patients because anatomic land-
marks had been destroyed by previous operations and bone
grafts.

CT scans with a 1-mm slice interval from C1–C2 were per-
formed before surgery for each patient, and sagittal images
were reconstructed at 2- to 3-mm intervals to evaluate the lo-
cation of the VA groove. Usually, two or three sagittal slices
were obtained for each lateral mass of C2. The authors selected
the slice in which the isthmus of C2 was thickest (the most
medial slice in all patients) and deemed that the VA was high-
riding and therefore at high risk for operation when the isthmus
height was less than 5 mm, and/or the internal height of the
lateral mass (measured from the roof of the VA groove to the
surface of the superior facet) was less than 2 mm.15,22

All operations were performed under fluoroscopic guid-
ance. For transarticular screw fixation, the Reunion bone screw
system (Surgical Dynamics Inc., Norwalk, CT), the Olerud cer-
vical system (Nordopedic AB, Uppsala, Sweden), or the Uni-
versal cannulated screw system (SofamorDanek, Memphis,
TN) were used. All types of screw have a diameter of 4 mm. In
the operation, the tip of the aiming device, which introduces a
guidewire 1 mm under the device tip (Figure 3B), is placed on
the medial ridge of the isthmus of C2 just posterior to the
atlantoaxial joint (Figure 3C). That is, the guidewire is inserted
into the most posterior part of the atlantoaxial joint through
the most dorsal and medial part of the isthmus. The guidewire
usually directs superior to the anterior arch of C1 on lateral
C-arm image (Figure 3C). It is usually difficult to insert the
screw in this steep trajectory by using a solid drill and a solid
screwdriver because the back of the patient often prevents the
surgeon from inserting the screw at steep angles. Therefore, a
flexible screw-inserting system was used. That is, the bone was
drilled along the guidewire using a flexible cannulated drill and
a screw was inserted using a flexible screwdriver. If the bone
was too hard, a flexible cannulated tap was used before insert-
ing the screw. A detailed description of the aiming device and
the flexible screw-inserting system is available elsewhere.14 An
iliac bone strut was then fixed on C1–C2 according to Gallie23

or Brooks and Jenkins,24 by using a high-density polyethylene

cable (Secure Strand Cable, Surgical Dynamics Inc.) in most
cases.

To evaluate the screw position precisely, in 37 patients,
from whom informed consent was obtained, postoperative CT
was performed using the same protocol as employed before
surgery. All patients with a high-riding VA were included. In 2
of the patients, only axial images were obtained. In the axial
images, the shortest distance between the screw and the cortex
of the spinal canal of C2 was measured and referred to as the
“medialization index” (Figure 4A). If the screw contacted the
cortex of the spinal canal, the “medialization index” was zero
(Figure 2C). In the sagittal reconstruction image through the
screw, the thickness of the bone remaining dorsal to the screw
at the isthmus of C2 was referred to as the “dorsalization in-
dex” (Figure 4B). If bone was not detected dorsal to the screw,
the dorsalization index was zero (Figure 2D, E)

Part 2: Comparison of Screw Trajectories on Lateral Ra-
diograms. To compare the screw trajectories achieved by the
aiming device with ordinary screw trajectories, three groups of
postoperative lateral radiograms were obtained. The first
group consisted of the radiograms of the patients enrolled in
Part 1, in whom the screws were inserted using the aiming
device. The second group consisted of the radiograms collected
from the literature in English. The literatures after 1993 on
upper cervical spine were collected using a journal database,
and the lateral radiograms of atlantoaxial transarticular screw
fixation were collected. The third group consisted of the radio-
grams of 23 patients (6 men and 17 women; age range, 21–83
years) in whom atlantoaxial transarticular fixation was done at
our institute between September 1994 and July 2000. At that
time, the surgeons were not aware of the importance of a steep
screw trajectory, and inserted the screw according to published
techniques; that is, they aimed at the anterior arch of C1.8,17–21

Solid instruments (drill, tap, and screwdriver) were used in the
first 16 cases. Three patients operated on between August and
November 2000 were excluded, as this was when we had un-
derstood the safest trajectory and began to develop the aiming
device, but had not used it yet.

Radiograms in which the bilateral screws align with each
other as completely as possible were selected for this study. The
one exception was the radiogram from the article by Fuji et
al,19 in which a unilateral screw and a contralateral guidewire
were aligned with each other. Radiograms of bad quality or in

Figure 3. A, The aiming device. B, The aiming device is assembled with a flexible guidewire sleeve and a guidewire. The guidewire passes
1 mm from the tip of the aiming device. C, Intraoperative lateral fluoroscopic image obtained during insertion of the guidewire. The
guidewire directs superior to the anterior arch of C1 (arrow).
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Figure&4&:&Three&technical&points&
&
1.  Pit&for&Aiming&device&
2.  Screw&inserNon&
3.  PenetraNon&of&C1_2&joint&

Discussion :        

Because she had received MTX and TCZ for RA, and underwent resection of Lung cancer at Mie Central Medical Center, she wanted to do operation at that 
Hospital. She was treated by posterior atlantoaxial transarticular screw fixation using Neo’s Aiming Device without navigation system and posterior iliac bone 
graft. Right unilateral screw fixation was performed because of High-riding and dominance of contralateral VA.  
Immediately following surgery, all of her symptom improved. Postoperative imaging showed spinal cord decompression and the proper screw insertion without 
VA injury (Figure 8).�

Figure&6:&Flexion&and&extension&plain&lateral&radiograph&show&
the&atlantoaxial&dislocaNon&

B�A� C� D�

Figure&7&:&&
A:&MRI&show&the&spinal&cord&compression&
&&&&at&the&level&of&C1&
&
&
&

B:&ReconstrucNon&sagiRal&CT&
demonstrate&spinal&canal&stenosis&
at&C1&level&caused&by&atlantoaxial&
dislocaNon&
&
&

C:&CT&scan&demonstrate&leL&high_riding&VA&
&&&&&at&the&C2&isthmus&&
&
&
&
&

D:&3D&CT&angiography&show&leL&VA&
dominancy&and&narrowing&C2&isthmus&

L�R�

which the screws appeared apart from each other were ex-
cluded. The first (aiming device), second (literature), and third
(without device) groups consisted of 38, 29 and 19 radiograms,
respectively. The radiograms of 29 cases in the literature group
were collected from 26 articles.4–7,9,13,17–19,25–41

From the lateral radiograms collected, three parameters in-
dicating screw position were measured (Figure 5). The trajec-
tory line was defined as the centerline of the two screws, if the
two screws were not completely aligned. Dorsal bone thickness
is the thickness of the bone existing dorsal to the screws (or the
more dorsal screw if the screws were not completely aligned) at
the isthmus of C2, expressed as a percentage of the width of the
C2 endplate, roughly corresponding to the dorsalization index
on reconstruction CT in Part 1. This parameter indicates how
dorsally the screws were inserted in the isthmus. The C2 screw
angle is the angle made by the screw trajectory line and the C2
endplate line, indicating how steeply the screws were inserted.
Further, screw trajectory zones were classified into four groups
according to where the screw trajectory line intersects the lon-
gitudinal axis of the C1 anterior arch, as indicated in Figure 5.
Screws inserted according to the ordinary method should pass
through Zone 2 or 3.

Medians and ranges were demonstrated for all parameters.
Differences between the three groups were analyzed using
Mann–Whitney U tests at a 95% confidence level. Statistical
analyses were performed using StatView version J-5.0 (Abacus
Concepts, Inc., Berkeley, CA).

Results

Part 1: CT Evaluation of the Trajectory of Screws
Inserted Using the Aiming Device

In the 28 cases using the standard operation (bilateral
transarticular screw fixation and iliac bone strut graft
according to Gallie), the average operation time was 123
minutes (range, 95–200 minutes) and the average esti-
mated blood loss was 75 mL (10–180 mL). On preoper-
ative CT reconstruction, 10 of 43 patients (23.3%) were
identified as having high-riding VAs (bilateral in 2 pa-
tients and unilateral in 8 patients). This means that 12 of
86 VAs (14.0%) were high riding. However, no massive
bleeding or VA injury was encountered in any patient.
No other major complications, such as neurologic defi-
cit, apoplexy, or dural tear, were encountered, except for
one deep infection. In 1 patient with a high-riding VA,
breaching of the dorsal cortex of the isthmus by the
screw was confirmed under direct view on the high-
riding side.

On postoperative CT, the mean medialization index
of 73 screws was 0.21 ! 0.60 mm (range, 0–3.4 mm)
and the indexes of 63 screws (86.3%) were zero. The
medialization index of only one screw exceeded 2 mm
(3.4 mm), indicating malposition of the screw. No screw
violated the spinal canal. On sagittal CT reconstruction,
all screws penetrated the posterior half of the atlantoax-
ial joint. The mean dorsalization index of 69 screws was
0.36 ! 0.74 mm (range, 0–3.1 mm) and the indexes of
53 screws (76.8%) were zero. The maximum index of
3.1 mm was because of a focal osteophyte. In this osteo-
arthritis case, considering the other CT reconstruction
slices, the screw was regarded as being inserted in the
most posterior part of the isthmus as aimed. Except for
this case, all dorsalization indexes were less than 2.5 mm.
Three screws applied to high-riding VAs appeared to
breach the cortex of the VA grooves on sagittal CT re-
construction. Among these three screws, the medializa-

Figure 4. Representation of CT
parameters. A, The medialization
index represents the distance
between the arrows on the axial
CT image. B, The dorsalization
index represents the distance
between the arrows on the sag-
ittal reconstruction CT.

Figure 5. Schematic representation of radiographic parameters.
Dorsal bone thickness (%) is calculated by b/a " 100. The C2-
screw angle is indicated by !. The screw trajectory zone is
defined according to the area in which the screw trajectory
intersects the longitudinal axis of the C1 anterior arch. That is,
Zone 1 # above; Zone 2 # upper half; Zone 3 # lower half; Zone
4 # below the anterior arch of C1. In this schema, dorsal bone
thickness is 18%, the C2-screw angle is 57°, and the screw
trajectory zone is Zone 2.
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Figure&9&:&Lateral&radiogram&&
The&accuracy&of&the&screw&
trajectory&achieved&by&the&
aiming&device&is&confirmed&
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Figure&8&:&&
&
A:&PostoperaNve&MRI&show&
decompression&of&spinal&cord&at&C1&level&
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B:&TransarNcular&screw&inserted&proper&
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第27回脊髄疾患動画技術研究会@びわ湖大津プリンスホテル



大河ドラマ「真田丸」のオープニングシーンの解析





1シーンは平均6.4秒

Results



1.メインの俳優は30秒かけてゆっくりと流れで紹介
　→大切なところは，操作をゆっくりにすべき

2.大切な内容は3秒もあれば伝えられる
　→1シーン最低3秒でOK

3.つなぎは1秒で，ZoomやViewの変化に富んでいる
　→拡大や視軸の場面も入れた方がよい

Discussion



手術動画も1シーンは6秒が適切である!

Conclusion



日本トップランナーの手術動画で学習



最先端の脳卒中医療
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Computational Fluid DynamicsC F D



CFD



数値流体力学





1959年数値予測による天気予報が日本で導入 

現在は，5km x 5km x 75層の格子 

格子における気圧，気温，風などのデータでCFD解析





CFDを風洞実験のできない脳動脈瘤に応用する



画像データ

形状ファイル

格子作成

解析

可視化

解の検証と妥当性

数値流体力学の方法





PLoS ONE 13(1): e0191287,2018 

未破裂中大脳動脈瘤 Standardized Pressure Difference, SPD

0 1

薄くて赤い動脈瘤壁はSPDで予測可能



PLoS ONE 13(1): e0191287,2018 

未破裂中大脳動脈瘤 Oscillatory Shear Index, OSI

0 0.05

肥厚性リモデリングはOSIで予測できる



50y.o., Female, Unruptured MCA aneurysm

動脈瘤クリッピング術 術中ICG蛍光撮影
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0                0.5

未破裂脳動脈瘤Japan standard, 井川房夫 編著 ／ 森田明夫 編著, 2015

不完全な閉塞をCFDで予測することが可能

B

C



血管内コイル塞栓術 
Coiling

















血管内コイル塞栓術 
Coiling

開頭クリッピング術 
Clipping

どちらも治療リスクは約5%だが… 

術者の技量，脳動脈瘤の大きさや部位により大きく異なる!



再発率 11-36%

AJNR 2005;26:1921-28 
Neurosurgery 2007;61:51-58 
AJNR 2006;27:1834-40 
Stroke 2003;34:1398-403

脳動脈瘤コイル塞栓術は再発する可能性がある!



Flow simulation after coil embolization with porous media

コイルが充填した状態をツブツブに置き換える



where Ρ is pressure, K is a constant describing porous resistance.

0 = −∇P − Kv



where α and β are coefficients for which the values were determined from 
Ergun’s model that describes the resistance/pressure drop for flow through 
porous media packed with particles.

K =α v + β



where κ is the porosity of porous media and D the average diameter of 
particles (coil diameter).

α = 1.75ρ(1−κ )
κ 3D

β = 150µ(1−κ )
2

κ 3D2



where VER indicates volume embolization ratio and κ is the porosity of 
porous media.

VER %[ ]= 100(1−κ )



Darcy’s low and Ergan’s equation

∇P = 1.75ρ(1−κ )
κ 3D

v v + 150µ(1−κ )
2

κ 3D2 v

∇P
D
κ
ρ
µ
v

: pressure drop 
: average diameter of particle =coil diameter [m] 
: porosity of porous media =1-VER 
: density [kg/m3] 
: viscosity [Pa s] 
: velocity [m/s]



Porous Media setting
ANSYS CFX18.2 
ANSYS Inc., Canonsburg, PA, USA

3D steady incompressible laminar flow fields 
Solving the continuity and Navier-Stokes equations 
Darcy’s low and Ergan’s equation 
Steady state analysis 

Isotropic area porosity: 
Volume porosity: 1-VER[%]/100 

Loss model:  
Isotropic loss using permeability and loss coefficient 
Loss velocity type: superficial  
Particle size: 0.010[inch]=0.000254[m]



Computational fluid dynamics (CFD) using porous media modeling 
predicts recurrence after coiling of cerebral aneurysms 

PLoS ONE 12(12): e0190222,2017 

Porous media model

In this study, the flow was categorized as that in the coil-free (as preoperative status) or coiled
simulation. Flow in the control CFD was a model with Navier-Stroke equations and the equa-
tion of continuity given by

r � v à div � ν à 0

@ν
@t
á Öν �rÜν à � 1

r
rp á m

r
r2νá F

where v is the velocity of the flow, p is the pressure, ! is the density, " is the viscosity of the
fluid, and F is the force.

The flow in the coiled regimes was simulated as a porous media modeling that obeys
Darcy’s law. In these flow regimes, pressure is locally balanced with resistance forces such that

0 à �rp� Kν

where K is a constant of porous resistance and this is assumed to be a quasilinear function of
the magnitude of velocity

K à ajvjá b

where α and β are coefficients for which the values are determined from Ergan’s equation
[10,11], while the coefficient values of α and β are given as

a à 1:75rÖ1� kÜ
k3DP

b à 150mÖ1� kÜ2

k3D2
P

where DP is the average particle diameter. Although various coils were included in this study
(range of primary coil diameters: 0.010–0.029 inches), DP was set to 0.010 inches (2.54 ! 10"4 m)

Fig 2. Representative cerebral aneurysm in the basilar artery (A-B). A, control computational fluid
dynamics (CFD) model; B, porous media CFD. From left to right, segmentation of the neck plane (black) and
intra-aneurysmal domain to define porous media (pink domain), streamline, inflow area (red), outflow area
(blue), wall shear stress, and flow volume domain with a mean flow velocity > 1.0 cm/s (red domain) indicating
residual flow volume (RFV) on the porous media CFD.

https://doi.org/10.1371/journal.pone.0190222.g002

CFD using porous media modeling predicts recurrence after coiling of cerebral aneurysms
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Fig 2. Representative cerebral aneurysm in the basilar artery (A-B). A, control computational fluid dynamics (CFD) 
model; B, porous media CFD. From left to right, segmentation of the neck plane (black) and intra-aneurysmal domain to 
define porous media (pink domain), streamline, inflow area (red), outflow area (blue), wall shear stress, and flow volume 
domain with a mean flow velocity > 1.0 cm/s (red domain) indicating residual flow volume (RFV) on the porous media CFD. 



CFD using porous media modeling,  
decrease flow velocity was evaluated as residual 
flow volume (RFV).

瘤内血流速度が1.0cm/s以上の体積1.0RFV

RFVが大きければ再発しやすい



CASE

79y.o., Left ICAC aneurysm

Morphological parameters

Aneurysm Depth, mm 7.1
Projection Length, mm 6.8
Maximum Size, mm 9.6
Neck Width, mm 6.1
Parent Artery Diameter, mm 3.1
Neck Area, cm2 0.4
Dome Area, cm2 1.8
AR 1.11
PR 1.16
SR 1.77
VOR 6.91



0.1 20 [m/s]

Residual Flow Volume

274.3 [mm3] 229.6 [mm3]286.0 [mm3]

97.3 [mm3] 62.3 [mm3]151.8 [mm3]

VER 0% VER 20% VER 25%

VER 30% VER 35% VER 40%



コイル塞栓術だと再発の可能性が高い (-_-)



Surface rendering image of 3DRA



modified Raymond-Roy classification 
Class 1: complete obliteration

Stent-assisted coiling 
Enterprise VRD  
Volume embolization rate (VER) 35.9%



HCT@19 months after SAC 
WFNS grade4



脳動脈瘤の治療適応をCFDを用いて判断する





CFDを用いた脳底動脈紡錘状動脈瘤の治療戦略 
Hemodynamic consideration for fusiform aneurysms in basilar artery using CFD



脳底動脈領域→No man’s land



Dome



LEFT model RIGHT model

Geometry model
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CFDを使って最もよい治療方法を考える



「 脳動脈瘤内のサイズは変わりませんが， 

CFDでみると血流が複雑になってきたので， 

そろそろ脳動脈瘤が大きくなります！」
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WSS may be the most reliable indicator for discriminating the rupture status of 
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Low wall shear stress is independently associated with 
the rupture status of middle cerebral artery aneurysmsToma, Hidenori Suzuki, Satoshi Matsushima, Shinichi Shimosaka and Waro Taki

Yasuyuki Umeda, Fujimaro Ishida, Kazuhide Hamada, Keiji Fukazawa, Yoichi Miura, Naoki
Arteries

Novel Dynamic Four-Dimensional CT Angiography Revealing 2-Type Motions of Cerebral

Print ISSN: 0039-2499. Online ISSN: 1524-4628 
Copyright © 2011 American Heart Association, Inc. All rights reserved.

is published by the American Heart Association, 7272 Greenville Avenue, Dallas, TX 75231Stroke 
doi: 10.1161/STROKEAHA.110.591008

2011;42:815-818; originally published online January 27, 2011;Stroke. 

 http://stroke.ahajournals.org/content/42/3/815
World Wide Web at: 

The online version of this article, along with updated information and services, is located on the

 http://stroke.ahajournals.org/content/suppl/2016/04/03/STROKEAHA.110.591008.DC2.html
 http://stroke.ahajournals.org/content/suppl/2011/01/27/STROKEAHA.110.591008.DC1.html

Data Supplement (unedited) at:

  
 http://stroke.ahajournals.org//subscriptions/

is online at: Stroke  Information about subscribing to Subscriptions:
  

 http://www.lww.com/reprints
 Information about reprints can be found online at: Reprints:

  
document. Permissions and Rights Question and Answer process is available in the

Request Permissions in the middle column of the Web page under Services. Further information about this
Once the online version of the published article for which permission is being requested is located, click 

 can be obtained via RightsLink, a service of the Copyright Clearance Center, not the Editorial Office.Strokein
 Requests for permissions to reproduce figures, tables, or portions of articles originally publishedPermissions:

 by guest on August 2, 2016http://stroke.ahajournals.org/Downloaded from 



5未破裂脳動脈瘤 
5-1診断とスクリーニング 
推奨 
2.脳動脈瘤の血流動態解析 (CFD)や造影
MRAなどにより，拡大傾向のある不安定な
脳動脈瘤を検知できる可能性がある．これ
らの方法を追加することを考慮しても良い 
(推奨度C エビデンスレベル低)



最先端の脳卒中医療

最先端 計算科学�CFD ，�

脳動脈瘤治療 未来 ！



0% 25% 50% 75% 100%

0 1 2 3 4 5 Dead

Mie Central Medical Center 2007-2014

SAH 
(N=200)

Patients (%)
0% 25% 50% 75% 100%

ICH 
(N=274)

退院時，脳出血の7割は歩くことができない



Colors of fruit and vegetables and 10-year incidence of stroke

Stroke. 2011;42:3190-3195.

成人20069人（平均41歳）を対象としたコホート研究 

心血管疾患がないことを確認 
前年の178項目の食物摂取に関するアンケート 

10年間の追跡期間で233例の脳卒中が発症 

フルーツと野菜を色で4つのグループに分類 

それぞれの色の摂取量を4つのカテゴリーに分類 

脳卒中発生率との関係をCox回帰分析で検討 

　Model1　年齢と性別をマッチ 

　Model2　Model1+カロリー，アルコール，喫煙などをマッチ 

　Model3　Model2+穀物，加工肉，魚などをマッチ



During an average follow-up period of 10.3 years, 19 fatal
and 226 nonfatal stroke cases occurred; of the 19 fatal cases,
12 patients had a nonfatal stroke previously. Two hundred
thirty-three first-ever incident strokes remained for the pres-
ent analysis (139 ischemic, 45 hemorrhagic, and 49 other or
unspecified strokes). Green, orange/yellow, and red/purple
fruits and vegetables were not related to incident stroke
(Table 3). After adjustment for lifestyle and dietary factors,
higher consumption of white fruits and vegetables was
inversely associated with incident stroke (Q4, !171 g/d; HR,
0.48; 95% CI, 0.29–0.77) compared with participants with
low consumption (Q1, !78 g/d). We found for each 25-g/d
increase of white fruit and vegetable consumption a 9% lower
risk of stroke (HR, 0.91; 95% CI, 0.85–0.97). Similar results
were found when we repeated the analysis for ischemic
stroke, as well as when we stratified by age, sex, or smoking
status. In addition, we analyzed apples and pears (55%), the
largest contributors of white fruits and vegetables, separately.
Each 25-g/d increase in intake of apples and pears was

inversely associated with stroke (HR, 0.93; 95% CI,
0.86–1.00).

We evaluated whether physical activity was a potential
confounder for white fruits and vegetables with incident
stroke within participants enrolled since 1994 (n"15 433).
HRs for each 25-g/d increase of white fruit and vegetable
consumption was 0.90 (95% CI, 0.84–0.98) and remained
similar when physical activity was added to the model (HR,
0.91; 95% CI, 0.84–0.98).

Discussion
In this prospective cohort of healthy Dutch men and women,
we found that a higher consumption of white fruits and
vegetables was inversely associated with total stroke inci-
dence. Green, orange/yellow, and red/purple fruits and veg-
etables were not related to incident stroke.

Major strengths of this study include its prospective and
population-based study design and large sample size. With
respect to nonfatal events, it was shown on the national level

Table 3. Hazard Ratios and 95% Confidence Intervals of Stroke Incidence by Quartiles and per 25-g/d Increase of Fruit and
Vegetable Color Group Intake of 20 069 Dutch Participants*

Characteristic

Quartiles of Fruit and Vegetable Color Group Intake

P for Trend Per 25 g/d IncreaseQ1† Q2 Q3 Q4

Green

Median, g/d 34 54 72 105

Cases, n 48 61 62 62 233

Model 1 1.00 1.19 (0.81–1.73) 1.12 (0.77–1.63) 1.04 (0.71–1.52) 0.93 1.01 (0.92–1.11)

Model 2 1.00 1.26 (0.86–1.85) 1.20 (0.81–1.76) 1.12 (0.76–1.66) 0.79 1.02 (0.93–1.12)

Model 3 1.00 1.30 (0.89–1.91) 1.28 (0.86–1.90) 1.25 (0.83–1.90) 0.41 1.06 (0.95–1.18)

Orange/yellow

Median, g/d 30 66 110 193

Cases, n 69 49 58 57 233

Model 1 1.00 0.73 (0.51–1.06) 0.88 (0.62–1.25) 0.84 (0.58–1.19) 0.58 0.99 (0.95–1.03)

Model 2 1.00 0.84 (0.58–1.22) 1.01 (0.70–1.45) 0.99 (0.68–1.44) 0.77 1.01 (0.96–1.05)

Model 3 1.00 0.94 (0.64–1.38) 1.25 (0.84–1.85) 1.37 (0.87–2.14) 0.10 1.04 (0.99–1.10)

Red/purple

Median, g/d 29 48 67 100

Cases, n 92 43 45 53 233

Model 1 1.00 0.51 (0.35–0.73) 0.57 (0.40–0.82) 0.70 (0.50–0.99) 0.09 0.93 (0.84–1.03)

Model 2 1.00 0.53 (0.37–0.77) 0.64 (0.44–0.93) 0.80 (0.55–1.15) 0.37 0.97 (0.88–1.08)

Model 3 1.00 0.56 (0.38–0.82) 0.69 (0.46–1.04) 0.90 (0.56–1.45) 0.88 1.02 (0.89–1.17)

White

Median, g/d 57 98 142 216

Cases, n 75 62 54 42 233

Model 1 1.00 0.81 (0.58–1.13) 0.71 (0.50–1.00) 0.54 (0.37–0.79) 0.001 0.93 (0.89–0.98)

Model 2 1.00 0.88 (0.62–1.23) 0.78 (0.54–1.13) 0.60 (0.40–0.91) 0.01 0.95 (0.90–0.99)

Model 3 1.00 0.83 (0.59–1.18) 0.70 (0.48–1.04) 0.48 (0.29–0.77) 0.002 0.91 (0.85–0.97)

CI indicates confidence interval; AMI, acute myocardial infarction; BMI, body mass index.
*Hazard ratios (95% CI) were obtained from Cox proportional hazards models. Model 1 was adjusted for age and sex (n"20 069). Model 2 was the same as model

1 with additional adjustments for energy intake (kcal), alcohol intake (3 categories), smoking status (5 categories), educational level (4 categories), dietary supplement
use (yes/no), use of hormone replacement therapy (yes/no), family history of AMI (yes/no), body mass index (kg/m2), (n"19 819). Model 3 was the same as model
2 with additional adjustment for intake of whole grain foods (g/d), processed meat (g/d), fish (quartiles), and mutually for intake of the sum of the other fruit and
vegetable color groups (g/d), (n"19 819).

†Reference group.

Oude Griep et al Fruit and Vegetables and Stroke 3193
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White

Red / Purple Green

Orange / Yellow



White

Red / Purple Green

Orange / Yellow

中央値　67g/day　

中央値　87g/day　

中央値　57g/day　

中央値　118g/day　



Allium family bulbs　 

garlic　ニンニク 

leek　リーク 

onion　タマネギ 

Hard fruit　 
apples　リンゴ 

pears　ナシ 

apple juice　リンゴジュース 

apple sauce　リンゴソース 

Others　 
banana　バナナ 

cauliflower　カリフラワー 

chicory　チコリ 

cucumber　キュウリ 

mushroom　マッシュルーム



reduce plasma inflammatory biomarkers and oxidized low-
density lipoprotein (LDL) in healthy human subjects, which
may decrease cardiovascular disease risk.7,8 Quercetin re-
duces blood pressure and improves endothelial function in the
rat.13 Previous human intervention studies have indicated that
(!)-epicatechin from cocoa improves endothelial function9

and reduces inflammation.10 In a short-term human interven-
tion study, we demonstrated that quercetin and, to a lesser
extent, (!)-epicatechin are able to augment NO production
and reduce endothelin-1 (ET-1), whereas epigallocatechin
gallate had no effect.14 In vitro studies with leukocytes
indicate that the anti-inflammatory activity of flavonoids may
be dissociated from their antioxidant activity.15 Theaflavin
was included in our study because it is a major constituent of
black tea, which is widely consumed in Western countries
and may offer similar antioxidant potency as green tea
catechins.16 Black tea consumption has been shown to im-
prove endothelial function in patients with coronary artery
disease.11 Sesamin is a bioactive lignan in sesame seeds; it
was shown to reduce LDL cholesterol and interfere with the
metabolism of the antioxidant !-tocopherol.17 Chlorogenic
acid, a major component of coffee and some fruits, can act as
an antioxidant in vitro.18 Given concerns about the bioavail-
ability of polyphenols in vivo,19 we examined their effects
when incorporated individually into the diet of a well-
established mouse model of atherosclerosis. We determined if
these pure polyphenols prevent or reduce the formation of
atherosclerotic lesions in apolipoprotein E (ApoE)!/! mice
and investigated the mechanisms by which these compounds
may exert their antiatherosclerotic effects. This study pro-
vides insight into the potential beneficial effects of consum-
ing polyphenol-rich diets.

Methods
Materials
Chemicals and reagents were purchased from Sigma Aldrich, St
Louis, Mo; and Cayman Chemical, Ann Arbor, Mich. High-purity

solvents were from Univar (Perth, Western Australia). Sesamin and
theaflavin were provided by Suntory (Japan) and Unilever (Nether-
lands), respectively. All compounds had greater than 95% purity
based on high-performance liquid chromatographic analysis.

C57BL/6J and ApoE!/! Mice
The present study was approved by and performed under the
guidelines of the Animal Ethics Committees of the University of
Western Australia and Royal Perth Hospital. A total of 150 four-
week-old male ApoE!/! mice and 25 C57BL/6J mice were obtained
from the Animal Resource Centre, Canningvale, Australia. The
genetic background for the ApoE!/! is C57BL/6J. They have been
backcrossed to the C57BL/6J 10 times. The mice were housed in
groups of 5 and placed on a nonpurified stock diet of AIN, 93 mol/L
(Glenforrest Stockfeeds, Perth, Western Australia) (calculated nutri-
tional parameters in Supplemental Table 1; available online at
http://atvb.ahajournals.org). A total of 125 ApoE!/! mice were
randomized to receive quercetin, (!)-epicatechin, theaflavin, sesa-
min, or chlorogenic acid (1.3 mg/d; 64-mg/ kg body mass; n"25 for
each treatment group). These levels are approximately equivalent to
350 mg/d in humans.20 The treatment compounds were blended with
the mouse feed, which was ground into pellets and stored at 0°C until
used. The control groups of 25 ApoE!/! mice and 25 C57BL/6J
wild-type mice received the blended and pelletized mouse feed with
no compounds added. The mice began to receive the prescribed
treatment at the age of 6 weeks, until the end of the study. Food, fluid
intake, and body weight were monitored on a regular basis through-
out the study. Urine was collected from each group in metabolic
cages at the ages of 16 and 26 weeks. After 10 weeks of treatment,
when the mice were aged 16 weeks, 5 from each group were killed
for analysis of early lesion development and plasma and aortic
biochemistry studies. The remaining mice were killed for the same
analyses at the age of 26 weeks (ie, after 20 weeks of treatment).
Animal numbers were based on the power analysis performed on the
desired end points (P#0.008 for multiple comparisons between the
treatment and control groups) and on a previous study that showed
significant differences in lesion area by the age of 26 weeks.21

Plasma and Aortic Tissue Sampling
Nonfasting mice from each group were studied at the ages of 16
weeks (n"5) and 26 weeks (n"20). Mice were anesthetized with
pentobarbital sodium (Nembutal), and the abdominal and thoracic
cavities were opened by ventral incision. A blood sample was
obtained via vena cava puncture and collected into 50-"L EDTA, 1
g/10 mL in 0.9% saline. The blood plasma was stored after the
addition of butylated hydroxytoluene, 8 "g/mL, at !80°C. The
aortic sinus and the thoracic and abdominal aorta were removed and
stripped of any external fatty deposits. Aortas for histopathologic and
biochemical analysis were prepared as previously described.21,22

Histological Analysis of Mouse Aorta Specimens
The size of atherosclerotic lesions in the mouse aorta was determined
by measuring the cross-sectional lesion area using procedures
described previously.22 The aorta was rinsed in phosphate-buffered
saline (PBS) after removal from the phosphate-buffered formalde-
hyde (4% by volume; pH, 7.0 to 7.3) and processed as described in
the Supplemental Material. For immunohistochemistry of heme
oxygenase-1 (HO-1), paraffin-embedded thoracic aorta specimens
were sectioned every 400 "m, proximally from the third pair of
intercostal arteries, for a total distance of 2800 "m. HO-1 protein
was detected with anti–rat HO-1 polyclonal rabbit antibody (SPA-
895; Stressgen, Ann Arbor, Mich) (final concentration, 10 "g/mL),
applied for 24 hours at 4°C. Bound HO-1 antibody was detected with
biotinylated anti–rabbit goat IgG (Dako, Glostrup, Denmark) (final
concentration, 3.8 "g/mL), applied for 1 hour at room temperature,
and the ABC detection method (Vectastain Elite ABC kit; Vector
Laboratories, Burlingame, Calif). Counterstaining was achieved with
hematoxylin and Scott blue solution.

Figure 1. Structures of polyphenols used in the study.
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Specific dietary polyphenols attenuate atherosclerosis in 
apolipoprotein E−knockout mice by alleviating inflammation and 
endothelial dysfunction

Arterioscler Thromb Vasc Biol. 2010;30: 749-757.

P!0.05 versus ApoE"/" control mice). Theaflavin, sesamin,
and chlorogenic acid treatments did not show any significant
effect on aortic F2-isoprostane concentrations. Aortic tissues
from the ApoE"/" mice had a slightly elevated superoxide
level compared with C57BL/6J mice at the age of 26 weeks
(Figure 4B), although this was not significantly different.
Quercetin and (")-epicatechin treatments significantly atten-
uated vascular superoxide (Figure 4B, P!0.05 versus
ApoE"/" control mice); no significant effect was observed
for the other treatments.

Ex Vivo Vascular LTB4 Production
and Plasma-sP-Selectin
Aortic tissues from ApoE"/" mice produced significantly
higher amounts of LTB4 compared with the C57BL/6J mice
(Figure 4C, P!0.05). Quercetin and theaflavin treatment

significantly reduced LTB4 in the aortic tissues (Figure 4C,
P!0.05).

ApoE"/" mice expressed significantly higher plasma con-
centrations of sP-selectin than C57BL/6J mice at the age of
26 weeks (P!0.005) (Figure 4D). Treatment with quercetin,
(")-epicatechin, and theaflavin significantly lowered the
plasma sP-selectin concentrations (P!0.005 versus ApoE"/"

control mice). Sesamin and chlorogenic acid did not signifi-
cantly affect plasma sP-selectin concentrations compared
with the ApoE"/" control mice (Figure 4D).

Figure 2. A, Cross-sectional lesion area (percentage of total
cross-sectional area) in the aortic sinus from C57BL and
ApoE"/" mice after 20 weeks of different dietary treatments:
C57BL/ control (n#20), ApoE/control (n#20), ApoE/quercetin
(n#18), ApoE/(")-epicatechin (n#19), ApoE/theaflavin (n#20),
ApoE/sesamin (n#18), and ApoE/chlorogenic acid (n#19). B,
Cross-sectional lesion area (percentage of total cross-sectional
area) in the thoracic region just below the aortic arch from
C57BL and ApoE"/" mice after 20 weeks of different dietary
treatments: C57BL/control (n#20), ApoE/control (n#20), ApoE/
quercetin (n#18), ApoE/(")-epicatechin (n#19), ApoE/theaflavin
(n#20), ApoE/sesamin (n#18), and ApoE/chlorogenic acid
(n#19). In A and B, bars with the same subscript are not signifi-
cantly different from each other using 1-way ANOVA analysis
with the Tukey honestly significant difference post hoc analysis.

Figure 3. Examples of aortic lesion HO-1 staining (brown) in
C57BL wild-type sections (n#72), ApoE"/" control (n#56),
quercetin-fed mice (n#64), and epicatechin-fed mice (n#88).
Data presented ($40 magnification) are the sum of HO-1 stain
(pixels) per lesion tissue area. Few sections from C57BL wild-
type mice had lesions or HO-1 staining. Sections without
lesions or HO-1 staining were assigned a value of 0. *Quercetin
vs ApoE"/" (P!0.05), quercetin vs epicatechin (P!0.01), and
quercetin vs C57BL control (P!0.001).
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cantly affect plasma sP-selectin concentrations compared
with the ApoE"/" control mice (Figure 4D).
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cross-sectional area) in the aortic sinus from C57BL and
ApoE"/" mice after 20 weeks of different dietary treatments:
C57BL/ control (n#20), ApoE/control (n#20), ApoE/quercetin
(n#18), ApoE/(")-epicatechin (n#19), ApoE/theaflavin (n#20),
ApoE/sesamin (n#18), and ApoE/chlorogenic acid (n#19). B,
Cross-sectional lesion area (percentage of total cross-sectional
area) in the thoracic region just below the aortic arch from
C57BL and ApoE"/" mice after 20 weeks of different dietary
treatments: C57BL/control (n#20), ApoE/control (n#20), ApoE/
quercetin (n#18), ApoE/(")-epicatechin (n#19), ApoE/theaflavin
(n#20), ApoE/sesamin (n#18), and ApoE/chlorogenic acid
(n#19). In A and B, bars with the same subscript are not signifi-
cantly different from each other using 1-way ANOVA analysis
with the Tukey honestly significant difference post hoc analysis.

Figure 3. Examples of aortic lesion HO-1 staining (brown) in
C57BL wild-type sections (n#72), ApoE"/" control (n#56),
quercetin-fed mice (n#64), and epicatechin-fed mice (n#88).
Data presented ($40 magnification) are the sum of HO-1 stain
(pixels) per lesion tissue area. Few sections from C57BL wild-
type mice had lesions or HO-1 staining. Sections without
lesions or HO-1 staining were assigned a value of 0. *Quercetin
vs ApoE"/" (P!0.05), quercetin vs epicatechin (P!0.01), and
quercetin vs C57BL control (P!0.001).
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食事で摂取するポリフェノールは動脈硬化を予防する



「梨は脳卒中を予防するよいフルーツですよ！」



脳卒中と栄養管理 
糖質 
脂質 
塩分



Contrary to earlier reports showing that salt restriction leads to a shift in circadian rhythm
of BP from a “non-dipper” to a “dipper” pattern [27]—and that the use of diuretics leads to a
similar shift [28]—our study demonstrated that circadian rhythm of BP varied greatly from
one day to the next and that circadian rhythm of BP was not improved with salt restriction or
even worsened in some participants. While ABPM is thought to cause sleep disorders soon
after its use, thus adversely affecting circadian rhythm of BP, virtually no participants com-
plained of insomnia during interviews in this study. Indeed, whether or not ABPM affected it,
circadian rhythm of BP, did not improve after salt restriction compared to baseline in these
participants.

Our study results suggest that circadian rhythm of BP varies greatly, thereby likely account-
ing for patterns that may be less reproducible and less well characterized in hypertensive
patients with type 2 diabetes and that highly variable day-by-day changes in circadian rhythm
of BP may remain a risk factor even after risk reduction with salt restriction.

Fig 2. Changes in BP variability andmean BP value from day1 to day7. (A) CV for diurnal/nocturnal
SBPV and diurnal/nocturnal mean SBP, (B) CV for diurnal/nocturnal DBPV and diurnal/nocturnal mean DBP.
Mean SBP and DBP showed decreasing pattern from baseline for 7 days, however, both SBPV and DBPV
showed greater day-by-day changes compared to those in mean BP values. 3SBPV, systolic blood pressure
variability; DBPV, diastolic blood pressure variability.

doi:10.1371/journal.pone.0144921.g002

Fig 3. Change in circadian rhythm of BP from day1 to day7.Circadian rhythm of BP varied greatly on a day-by-day basis. The rate of dippers was not
improved until day 7. Seven participants showed over three nocturnal/diurnal SBP ratio patterns.

doi:10.1371/journal.pone.0144921.g003

Influence of Salt Restriction on BP Variability

PLOS ONE | DOI:10.1371/journal.pone.0144921 January 5, 2016 9 / 13

PLoS ONE 11: e0144921. doi:10.1371 

Effect of one-week salt restriction on blood pressure variability in 
hypertensive patients with type 2 diabetes

降圧剤を服用していない2型糖尿病患者10例 

食塩摂取量を厳格に1週間制限し，血圧変動を評価
入院で 
• 適切な糖尿病治療 
• 減塩 (6g/日以下) 

• カロリー制限 (25～30kcal/kg) 

を1週間行い， 

24時間自由行動下血圧 (ABPM)で 
①日中血圧 
②夜間血圧 
③血圧変動 
を評価した．



causes of short-term BP variability in diabetic patients by assessing sympathetic activity in
terms of LF/HF ratios. However, the only finding in this study was that sympathetic activity
had no clear correlation with short-term BP variability (data not shown). On the other hand,
while the baroreceptor reflex was not evaluated in this study, it has been reported in previous
studies to be significantly decreased before the manifestation of dysautonomia in diabetic
patients [23]. This suggests that the baroreceptor reflex may have contributed to high BP vari-
ability even in this study involving patients with relatively less advanced diabetic complica-
tions. Additionally, while aging is also known to be a risk factor for BP variability, no
correlation was found between age and short-term BP variability in hypertensive patients with
type 2 diabetes in this study. These observations suggest that increased short-term BP variabil-
ity may represent another marker for hypertension that remains relatively constant in an indi-
vidual, as it remains less affected by short-term salt restriction.

It is not clear yet whether the mean BP value or BP variability is more important. However,
increased short-term BP variability appears to have far-reaching implications. For example, it
may suggest that increased BP variability—remaining unchanged after marked reductions in
mean BP values following a variety of therapeutic interventions—could lead to increases in
exposure to asymptomatic hypotension, thus accounting for the failure of excessive BP lower-
ing to produce desired effects [24].

Furthermore, diabetic patients are often shown to exhibit a “non-dipper” pattern of circa-
dian rhythm of BP [25], which is thought to be due to decreases in nocturnal sodium excretion,
thus causing salt-sensitive hypertension. Given that diabetic patients often exhibit increased
salt sensitivity [26], it is likely that almost all patients in this study had salt-sensitive hyperten-
sion, except for the 2 patients who had a lower salt intake after admission and in whom such
evaluation proved difficult.

Table 2. Change in CV for diurnal SBP variability between days 1 and 7.

Variable Day 1 Day 7 Difference between days 1 and 7 P-value

Diurnal SBP variability (CV, %) 13.0 (10.8 to 16.8) 13.3 (9.1 to 18.9) -0.3 (-3.2 to 2.9) 0.959

Data are presented as medians (interquartile range: 25 to 75 percentiles).
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血圧変動は変動係数で評価する． 
変動係数 coefficient of variationとは… 
標準偏差を相加平均でわったもの

CV = σ
x

6g/日の食塩制限1週間で… 
収縮期血圧は低下するが，血圧変動は改善しない！
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脳卒中 予防 �
  基 �
 個別具体的 細 �
 徹底的 持続可能性 �
栄養指導 必要
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