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Figure 2. Brain magnetic resonance (MR) images on day 2. A
through C, Diffusion-weighted MR imaging studies demonstrat-
ing fresh and scattered infarcts in the right middle and posterior
cerebral artery areas (arrows). D, MR angiography demonstrat-
ing poor visualization of the right internal carotid, middie cere-
bral (arrowhead), and posterior cerebral arteries.

innominate artery, indicating the existence of the revers-
ible innominate dissection that had caused pulselessness at
the time of the initial examination. At hospital discharge
on day 49, the patient still had severe hemiplegia. He did
not develop recurrent stroke.

A frontal thrust of Kendo can cause cervical artery
dissection and stroke,! although it has rarely been re-
ported.? The strength of this report is that dynamic changes
in the morphology of the dissected CCA were clarified
through the use of both ultrasonography and CT angiog-
raphy examinations.
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Figure 3. Changes in a B-mode image of
the right common carotid artery (CCA). A,
On day 2, the distal CCA is occluded with
a thrombosed false lumen (arrows). A
mobile thrombus is identified proximal
(Prox.) to the occlusion site (arrowhead).
B through E, Longitudinal (B~D) and axial
(E) B-mode images on day 4 at 10 am (B),
7 pm (C), and 9 pm (D and E). E, Axial
image of a dotted line on D. The distal
(Dis.) CCA is recanalized. The mobile
thrombus gradually changes in shape
(arrowhead). An intimal flap (small arrow-
head) and a thrombosed false lumen
(asterisk) are seen at the proximal CCA.
F, On day 48, the mobile thrombus and
the thrombosed false lumen disappear
completely. Aneurysmal formation is seen
(filled arrow).

Figure 4. Cervical computed tomography angiog-
raphy. A, On day 4, the right distal common
carotid artery (CCA) is stenotic (arrow). B, On day
23, the stenotic CCA becomes wider (arrow), and
aneurysmal formation is evident (arrowhead).
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Introduction

Summary

Background/aims: Cerebrovascular ultrasonography was useful clinically for evaluating cerebral
hemodynamics rapidly and in real-time for patients with acute ischemic stroke. We analyzed if
the patients had early recanalization or not using transcranial color-coded sonography (TCCS)
in order to evaluate the usefulness of real-time monitoring in systemic thrombolysis.
Methods: Subjects were patients who had acute ischemic stroke with intravenous tissue plas-
minogen activator (tPA) within 3 h from onset. We evaluated occlusion of intracranial arteries
from transtemporal or suboccipital window by TC-CFI with Thrombolysis in Brain Ischemia (TIBI)
flow-grading system and monitored residual flow in real-time every 15min until 120 min after
the t-PA bolus.

Results: We could monitor residual flow in 5 patients who had good echo windows (4 male, mean
age; 60.8 & 6.4 years). Two patients had proxymal occlusion of the middle cerebral artery (MCA),
one patient had distal occlusion of MCA, one patient had M2 occlusion and one patient had distal
occlusion of unilateral vertebral artery. Four patients had early complete recanalization within
60 min after the t-PA bolus (two patients were 60min and other two patients were 30 min),
howevetr, occlusion persisted during 120 min monitoring in one patient with proximal occlusion
of MCA. NIH Stroke Scale of two patients with very early recanalization was 0 at the end of the
treatment. There was no symptomatic and asymptomatic intracranial hemorrhage in 4 patients
except for the patients without recanalization.

Conclusions: It is anticipated that real-time ultrasound monitoring is useful for evaluating a
very early thrombolytic effect of tPA connected with early clinical recovery.

© 2012 Elsevier GmbH. All rights reserved.

(tPA) showed that intravenous thrombolysis with acute
ischemic stroke within 3 from onset had favorable clinical

The National Institute of Neurological Disorders and ~ recovery compared with placebo-treated patients [1].
Stroke trial of recombinant tissue plasminogen activator ~ However, athrombolytic effect was not evaluated with mon-

itoring of occlusion artery in this study. Cerebrovascular
ultrasonography was useful clinically for evaluating cerebral

* Corresponding author.

E-mail address: hmitsumura@mac.com (H. Mitsumura).

hemodynamics rapidly and in real-time for the patients with
acute ischemic stroke compared with magnetic resonance

2211-968X/$ — see front matter © 2012 Elsevier GmbH. All rights reserved.

doi:10.1016/j.permed.2012.02.034

- 205 -



2

H. Mitsumura et al.

angiography (MRA). The timing and speed of recanalization
after (tPA) therapy monitoring by transcranial Doppler (TCD)
correlates with clinical recovery [2,3]. These real-time flow
informations are useful in developing next therapies and in
selection for interventional treatment.

The aim of this study was to analyze if the patients had
early recanalization or not using transcranial color-coded
sonography (TCCS) in order to evaluate the usefulness of
real-time monitoring in systemic thrombolysis.

Material and methods

Consecutive patients who had acute ischemic stroke with
intravenous tPA within 3h from onset between April 2010
and January 2011 were included in this study. tPA was admin-
istered in a dose of 0.6 mg/kg (10% bolus, 90% continuous
infusion during 1h) according to Japanese standard proto-
col [4]. The patients with insufficient acoustic window were
excluded.

An experienced neuro-sonographer performed all TCCS
studies using a EUB-7500 or 8500 with a 2 MHz sector trans-
ducer (S50A, HITACHI Medical Corporation, Japan). We eval-
uated occlusion of intracranial arteries from transtemporal
or suboccipital window by TCCS with Thrombolysis in Brain
Ischemia (TIBI) flow-grading system [5] and monitored resid-
ual flow in real-time every 15 min until 120 min after the t-PA
bolus. An insonation time with TCCS was not longer than
5min in each examination. No head frame was used during
insonation. Complete recanalization was defined as TIBl 0—3
to 5, and partial recanalization was defined as TIBI 0—2 to 3.

National Institutes of Health Stroke Scale (NIHSS) scores
were obtained before tPA treatment, every 15min until 1 h
and every 30 min after 1 h by a neurologist. Dramatic clinical
recovery was defined as a decrease in the total NIHSS score
to <3 at the end of tPA infusion.

All patients had magnetic resonance imaging (MRI)
including diffusion-weighted imaging (DWI) and MRA before

tPA administration. Follow-up MRA was performed immedi-
ately after the end of tPA infusion, if possible.

Results

We could monitor residual flow in 5 patients who had good
echo windows (4 male, mean age; 60.8 +6.4 years). Two
patients had proximal occlusion of the middle cerebral
artery (MCA), one patient had distal occlusion of the MCA,
one patient had a M2 occlusion and one patient had a distal
occlusion of the unilateral vertebral artery. One patient with
proximal MCA occlusion had an insufficient acoustic window,
but we could monitor residual flow at M2.

Four patients had early complete recanalization within
60 min after the t-PA bolus - two patients at 60 min and other
two patients at 30min. In the patient who could be moni-
tored at M2, one of M2 (M2a) was partial at 30 min, another
M2 (M2b) was complete at 30 min. On the other hand, the
occlusion persisted during 120 min monitoring in one patient
with proximal occlusion of MCA.

NIH Stroke Scale of two patients with very early recanal-
ization (within 30 min) was O at the end of the treatment
(dramatic clinical recovery).

In three patients a follow-up MRA could be performed
after the end of tPA infusion. Follow-up MRA showed early
recanalization in two patients and no recanalization in one
patient. These findings of MRA were consistent with diagno-
sis of TCCS. There was no symptomatic and asymptomatic
intracranial hemorrhage in 4 patients except for the patients
without recanalization. Table 1 shows clinical detail data of
5 patients, and Fig. 1 shows the information of TCCS und MRA
in patients with very early recanalization (within 30 min).

Discussion

The present study showed that patients with early recanal-
ization had a favorable outcome after tPA therapy. In these

Symptomatic
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Case3
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Figure 1

120min

Angiographic information of patients with very early recanalization (see also case 3 and case 4 on table). Upper table is

sonogram of residual flow and NIHSS at each examination point. Lower pictures are MRA before and after tPA therapy. Case 3 was
M2 occlusion and case 4 with proximal MCA occlusion had insufficient acoustic window, but we could monitor residual flow at M2.
Case 3 had very early complete recanalization within 30 min after the t-PA bolus. In case 4, one of M2 (M2a) was partial at 30 min,
and another M2 (M2b) was complete at 30 min. MRA findings of these cases were consistent with diagnosis of TCCS.

studies, recanalization after tPA was evaluated by MRA [6,7]
or TCD {2,3]. There are different benefits and limitations
between MRA and TCD/TCCS in their diagnostic ability and
characteristics as a diagnostic device. MRI is the standard
device for the detection of vessel occlusion or stenosis, how-
ever, it cannot be monitored during tPA infusion because
patients who get a MRI have to be transferred to the MRI
laboratory. On the other hand, TCD/TCCS is useful for real-
time evaluation of intracranial hemodynamics at patient’s
bedside. Several cases, however, had an insufficient acoustic
window especially in Asian elderly female.

In TCD study (2), 25% patients recanalized within the
first 30 min, 50% recanalized within 30—60 min, 11% recanal-
ized 61—120min, and 14% recanalized after first 2h after
tPA bolus administration. The timing of arterial recanaliza-
tion after stroke onset detected with TCD correlated with
early improvement in the NIHSS scores within the next hour
after recanalization (S-shaped curve demonstrates corre-
lation between timing of recanalization on TCD and early
recovery from ischemic stroke).

Our data showed patients with complete early recov-
ery after tPA treatment recanalized within the first 30 min
on TCCS monitoring. It is anticipated that early arterial
recanalization correlated with early clinical improvement
like present studies.

In other TCD study (3), the speed of intracranial arterial
recanalization on TCD correlates with short-term improve-
ment after tPA therapy. Short duration (sudden <1 min and
stepwise 1—-29min) of arterial recanalization is associated
with better short-term improvement because of faster and
more complete clot breakup with low resistance of the dis-
tal circulatory bed. Slow (>30min) flow improvement and
dampened flow signal that indicate partial recanalization
are less favorable prognostic signs.

However, our study did not use continuous TCCS moni-
toring, the speed of clot lysis as well as timing of arterial
recanalization is useful information for evaluating effect of
thrombolytic therapy. This real-time and noninvasive infor-
mation using TCD/TCCS are the advantage over MRA.

Conclusions

Very early recanalization within 30 min after tPA administra-
tion correlated with complete early on TCCS monitoring. It
is anticipated that real-time ultrasound monitoring is useful
for evaluating very early thrombolytic effect of tPA con-
nected with early clinical recovery.

References

[1] The National Institutes of Neurological Disorders and Stroke rt-
PA Stroke Study Group. Tissue plasminogen activator for acute
ischemic stroke. N Engl J Med 1995;333:1581—7.

[2] Christou 1, Alexandrov AV, Burgin WS, Mojner AW, Felberg RA,
Malkoff M, et al. Timing of recanalization after tissue plas-
minogen activator therapy determined by transcranial Doppler
correlates with clinical recovery from ischemic stroke. Stroke
2000;31:1812—6.

[3] Alexandrov AV, Burgin WS, Demchuck AM, El-Mitwalli A, Grotta
JC. Speed of intracranial clot lysis with intravenous tissue
plasminogen activator therapy. Sonographic classification and
short-term improvement. Circulation 2001;103:2897—902.

[4] Yamaguchi T, Mori E, Minematsu K, Nakagawara J, Hashi K,
Saito |, et al. Alteplase at 0.6 mg/kg for acute ischemic stroke
within 3 h of onset: Japan Alteplase Clinical Trial (J-ACT). Stroke
2006;37:1810-5.

[51 Demchuk AM, Burgin WS, Christou I, Felberg RA, Barber PA, Hill
MD, et al. Thrombolysis in brain ischemia (TIBI) transcranial
Doppler flow grades predict clinical severity, early recovery, and
mortality in patients treated with intravenous tissue plasmino-
gen activator. Stroke 2001;32:89—93.

[6] Mori E, Minematsu K, Nakagawara J, Yamaguchi T, Sasaki M,
Hirano T, et al. Effects of 0.6mg/kg Intravenous alteplase
on vascular and clinical outcome in middle cerebral artery
occlusion. Japan Alteplase Clinical Trial Il (J-ACT [l). Stroke
2010;41:461-5.

[71 Kimura K, lguchi Y, Shibasaki K, Aoki J, Watanabe M, Kobayashi
K, et al. Recanalization within one hour after intravenous tissue
plasminogen activator is associated with favorable outcome in
acute stroke patients. Eur Neurol 2010;63:331—6.




PRI 2um

CLINICAL IMAGIOLOGY

XIAE1—%t
T162-0845 BLIHRHTTE X i S AHHT 2 308
TEL 03(5228)2050

- 209 -



W7 — 4 T o H

SRR ED R DR

I —— ;
(8, _;ﬁ%wﬁabﬁuawﬁLwr-ﬂﬁ&b&mZé"
EEATIHF OLEEHCEEHT R E—DZREN, 2Nk > TRNT 3. COB
SRRNRRC LT, GEESBATHETS. A ﬁLﬂﬁEHﬁ%&FﬁL&otﬁ*&
PNBESHHEEEROADMASNDT EILED, BERIRILF—EEMNESENSHE
BOENUR, 5l ERIEIC & ST - BEERERS 5 LELEOH .
it BAGERROENSHREIEROLD, BRAICE T —Y

W) 12&o
211213 A Rk
W AU ERZ R U, KICHEIZB

FFURNVOERBEEICL HBE
XPpds5hTns (T, 2),

BT AR, BRI
(product liability ; PL) &, EEZMHHATSLE

[« AR DD ORI IBPHREIIKRAONEE
2V (users lability ; US) &I2&koT, ZL®HT
MRENEHDOTH b,

BWERF IO 2 EBIOMEORR LT £,
4 HBHEEBICIIKREATUM, B X OHFEEE
HEAWFUMBAHRZEL, REFDAVHEHA L TWwD

BWINDE N EFEHIHET 5, 2O L) R4
PR E R Z B L C, FDAIZER2 EER (track )
DOMRFEZRE L (ReRki),

LL, BEEHMORE L HRISRZ WML S
®H700, EEE LT, ZORKESRREE

IR HTRE [CER S NDBER

%2 FDAICKDIEE

o HFIDRFME
W ABTRORERAEIRITONTNS, T
USRI 81T 2 BB WRIUE (T2 b b, |
track I ispta.3 | Isppa.3
[mw/cm2] | [W/cmd]
. , . peripheral vessel 720 190
K1 SEIFETEHMBRICBIDBEBRTURED cardiac 430 190
BEU fetal & other 94 190
ophthalmic 17 28
1 water track 1 lspta.3 | Isppa.3
2 biological fluids [mwW/cm?2]| [W/emé?l
3 soft tissue -
4 skin and cartilage peripheral vessel 720 190
5 fetal bone real time display thermal index(TI)
6 adult bone mechanical index(MI)

Furuhata H ! RREESERAZFREEREMR L 4 —ERI V27 27 (ME)HIRE

6 0911-1069/11,/¥400/7 3L/ JCOPY

-210-



PR 5 720mW/cm? (SPTA), 190 W/em? (SPPI) %8
AThiEEwe L (trackllD. 72721, &4k
IC BT 5 TIE (thermal index) & MIfiEl (mechani-
cal index) Freal time TFR L2217 E% 5 2w
CEERBEBMNIENERL TYE, Thbb, &
e LCIITHE, MIfELZRRTALHDT, EBEOR
R TlE, MEZZFOTHE, MIEDSHER
SEUORERFMEUT LD LRSI L
Z, I L CTwb, 2F Dtrack I ISR E N0
WA DRERPLUT CTH 55 L) » %2 TIHE, MIE
P OEREAHIRT L, RiB$ 5ALARADERIC
PoT, BRETAHILEEDTVS, WHMITV
2, BREORKEREILEEELEIERET S
2(PL), HEZEZICHEAT 5L EOFMLIIMK
EEOEETUL), BEEOEENDIREL R
TTHE, MUERZ AL OMELERT L2 & %2R
DELDERST WD, WK OMERHEFE
(UL) CEBEFHEREBEZfTHLbhAELEST, 2ok
&7 & b ALARADJEHI (As Low As Reasonably
Achievable ; FZWTTT BB 20 S A ) CUEIER T17 9
CEEEFEHIDICHIAZ ERERL TS,

FEE N TR L LT A, 2
FENEALAPHBEOBEL ) DF LKL B EF
Y¥TF—vary(EQEE LS, TOLH ¥y
UFr—3a yORESMGIIFREOTHEDKP T
FIW/em2BETE LB L EN T 5, TS
ZRITNEIWem EOTZTETYH, MBNTIE
FrU¥TF—vary@BELI WEEZ RS,
LaL, BEEL AOHBIREBEIAHTHLOT
EETLHLEND S,

SWRHBERE LTHWSORS, Y7L
AP & B AR~ OB 2 VR L, BEW
DEFELHEFTRESN, ZOWETHBMI
BEARD LI ICEHEEN B,

P,,.
M]-—\?
Py AR BIUT A5 E B TR (rare fac-
tional pressure) [Pa/cm2]

S EE RN (MHz]

KPFTCREMIZITEF Y YT —Y a V5L,
EARHARPT TIIMI=19%2 ZE&ER L LTWwb,

-211-

BB WAL B DR VO |

COMUEISEBREEEYH D, ERERBUC R

513 LG HFEDN—ETHH] & EETI (rare fac-
tional pressure) iZ3E T 5 (B1).

BEWRDOWIUZ & » TH U 5 KRR ORE
ERIE, RICRITRKO I Icgmsns,’

W
T]=——
I’Vd(;!g

Waey » BB OME 21T LA SR HDICH
B EE T — (W]

W' AR B ST S B E kST — (W]
Thebb, TI=17% 5 ZEAHBOEREDLT -
A9 5o

TIOEZEDN b FELMEOTIZ OV TIIFRID
91, TIS, TIB, BLUTICHREN S,
JERIZBWT, BEERBRIUI BT 5F 05,
BABEEE OB RRINTORRIZIZTIEET
RETH D, Pl L LEERNT2CLULEDOERE

M1 EEREEICLDMRS IS RE SBERERE
DEEFR

<+ Pc
o
32
% -
o
a
Pr
1 k«—m
time v .

rare factional pressure[MPal

frequency[MHz]
EREREIR Vol.27, No. 4TS, 2011 7



£33 FELEMERCBITDT

4B/ (soft tissue) [CHBITHTI

[ transducer }

NRENNENENNNREN

BLORAICERT 2. L
WoeglZ3RED &S [THBo o,
Wdeg-:'?% X " 0—3 "" ‘\“
f EERERE IMHZ] soft tissue
HRD SRVEAIDOBICHITDTI ( transducer
AR
BEBERERENSWVEHRICE soft tissue
ﬁ—géo ‘1‘ "I e
BROLSIC, BERIO-T0H \
BHED SEVEBADOHE (bone) (Tl RS
A%, A
K \ soft tissue

HFERIEVBICBITDTI

( transducer )

IHNERNENENRENRN

BEEE (cranium YR EAERD OIEWV
BCEET .

!

soft tissue

R2 BERIRHERECHEERAORE EFORG

H3 BER UL EEmEIsppasisptadiEfh

43

N
N

N
—he

EN
o

temperature[°C]
W
(o]

w
e

w
byl

25

50
time[minutes]

75

-212 -

@

waveform at the maximum
ultrasonic pressure

®

— ] |
ahalfofwavelength le

4;— Isppa

T—

‘pulse width

,_—Isppa
+—lspta

pulse repetition period




HEE WS WL E DL S DTER |

M4 BEEE—LROZEBMEE FEDH)
(fEr=BER#2cm, 6cm, 10cmDIBE)

temperature increase[°C]

1.5

2 4 4] 8
rangelcm]

10

ER(TI=2) 2R LEZHRETH D, REL
& BRETIR I RR FC D W I A Rk B AL T E2
OEBROHHZ 2T 2, RARMACRET
REThbH, HEHEEIRE LA (THE) OBAR
BRATHER D,

te= 4 (43—TD

T2 L ) [TBEW Y — 4 22 [ iy 89
B8 (spatial peak temporal average ; SPTA) & 2%
BB ¥ — 7 73V AB8E (spatial peak pulse intensi-
ty 3 SPPD) & & o TBHEDEFDOZERA L
RTZEELTWS, TOEMKWERELBRTE

X7, BEEY—-LEBBTEREREICL-TE
WHBEDHY, FREOERRELIRTERL, &<
LHZEIZLoTHBZEHHELEHVD OLEL
TWwh, O LIEHMCTEREORL S
WUAELETHAILZERL, TOERNDLIOD
2V AR E L TCORKME(E— 7 #) (SPPD TR
RAEERL TS (ES, 4, BEHEEA—H—

-213-

WWBEE IO —-T7 0T GA RN, Fok
WA SRR OIRFER HERE L, TIHE, MIEZ
Yial—varLTELTNS,
RERMEIANE, TOFEEEZBEERED
TATRD B b,

BERSWERBRX, FoRABALAVE
FDA, ISO, IEC, GIS(W¥hd F—#lr iR
HYOEBIZLIYEDON, BEBEA-T—1ZFh
B TEBEAREL TS, HREENRE
BOWHEZEZR L, ALARAOERNCH - THRE
BIFIVLERD D, TOIHICLTHELNLE
BV )75 a%d LICBEF—y2HBI2E
EEBEOBEZZE LI RELTbhThid%
BV, IELWAEMRERITEY REERIELR
FRIZLIoTRLEDTRLNEDDOTHAH I L
2RHDTRHELTBE W,

D) BRERERZBoF—F Thith
i, BEOBEOTF—FORAICE LW EE
25

BREREHR  Vol.27, No 418HIF, 2011 9



Stroke » &

American American

Heart | Stroke
Association | Associatione

A New Support System Using a Mobile Device (Smartphone) for Diagnostic Image Display
and Treatment of Stroke
Hiroyuki Takao, Yuichi Murayama, Toshihiro Ishibashi, Kostadin L. Karagiozov and Toshiaki
Abe

Stroke. 2012;43:236-239; originally published online October 13, 2011,

doi: 10.1161/STROKEAHA.111.627943
Stroke is published by the American Heart Association, 7272 Greenville Avenue, Dallas, TX 75231
Copyright © 2011 American Heart Association, Inc. All rights reserved.
Print ISSN: 0039-2499. Online ISSN: 1524-4628

The online version of this article, along with updated information and services, is located on the
World Wide Web at:

http://stroke.ahajournals.org/content/43/1/236

Permissions: Requests for permissions to reproduce figures, tables, or portions of articles originally published
in Stroke can be obtained via RightsLink, a service of the Copyright Clearance Center, not the Editorial Office.
Once the online version of the published article for which permission is being requested is located, click
Request Permissions in the middle column of the Web page under Services. Further information about this
process is available in the Permissions and Rights Question and Answer document.

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

Subscriptions: Information about subscribing to Stroke is online at:
http://stroke.ahajournals.org//subscriptions/

Downloaded from http://stroke.ahajournals.org/ at JIKEI UNIVERSITY SCHOOL OF MED on May 21, 2012

-215-



A New Support System Using a Mobile Device (Smartphone)
for Diagnostic Image Display and Treatment of Stroke

Hiroyuki Takao, MD; Yuichi Murayama, MD; Toshihiro Ishibashi, MD;
Kostadin L. Karagiozov, MD; Toshiaki Abe, MD

Background and Purpose—With the increasing demand for rapid diagnosis and treatment of stroke, the telemedicine role
of coordinating timely the efforts of the stroke team became important. We developed a system for rapidly exchanging
diagnostic images and clinical and management information.

Methods—A system was created on the basis of communicating patient data and images between hospital systems and
participating staff members in and out of the hospital through their standard, currently used handheld communication
devices. The system is able to transfer clinical data, CT, MR, angiographic, intraoperative images, and expert opinion

in real time.

Results—A pilot application of the system in our hospital showed successful information transfer, allowing medical staff
to discuss patients’ diagnosis and management using a Twitter system.
Conclusions—The system (i-Stroke) may become a useful tool for acute patient management in the field of neurology and

neurosurgery. (Stroke. 2012;43:236-239.)

Key Words: acute stroke m organized stroke care W stroke management m telemedicine

Recent clinical results have demonstrated the effective-
ness of recombinant tissue-type plasminogen activators
in acute stroke within 4.5 hours of onset and every 5 minutes
delay in receiving treatment increases by 5% the probability
of a poor outcome.! Both time and judgment are important
when treating patients with acute stroke. However, support by
physicians with sufficient experience in cerebrovascular dis-
orders is available in very few hospitals around the clock, 365
days a year. Therefore, the rapid, available at any time
consultation between the on-call and the senior specialists is
of great importance in deciding optimal treatment.

Recently the use of telemedicine for stroke care has
expanded in a range of initiatives through Europe and the
United States.>? In 2009, the American Heart Association
recommended telestroke systems to be created in hospitals
unable to provide treatment within the first 24 hours of stroke
onset.* Having the same demand in Japan, we established a
system that is based on standard portable communication
devices and their supporting systems, exchanging high-
quality clinical information and imaging for “real-time”
support of clinical diagnosis and treatment in these neurolog-
ical emergencies.

Methods
After current mobile and handheld communication and IT devices
progress, we developed the “i-Stroke” system to rapidly access
diagnostic images and clinical information, whether in or out of the

hospital. This pilot study was conducted in a neurosurgical depart-
ment. The software was developed by the investigators. It is free
software and it is already available at the Apple store. The system
comprises a transmitting server and receiving Smartphones (iPhone
4; Apple Inc; Figure 1A) and allows the following functions: (1)
stroke call function: informing participating medical staff involved
in all aspects of patient management of an expected admission; (2)
time-bar function for monitoring patients’ management course(Fig-
ure 2C); (3) image viewing function (Figure 3A—C; medical images
virtually identical to those displayed in the hospital); (4) static and
3-dimensional video images available to off-site users (Figure 3D),
tick-box functions for input/displaying data (consciousness level and
neurological findings), and automatic calculation of intravenous
medication dose (including tissue-type plasminogen activator) from
body weight, diagnosis confirmation from clinical history, and
findings using checklists; National Institutes of Health Stroke Scale/
Glasgow Coma Scale stroke scales, and others) incorporating diag-
nostic and treatment functions (Figure 2A); (5) real-time video
streaming of microsurgical and diagnostic images from diagnostic
and operating rooms (Figure 3C); (6) Tweeting to fellow specialists
(exchanging opinions on the spot); and (7) interhospital exchange of
images and other information, allowing consultations for patients at
other hospitals. To protect personal information, all patient informa-
tion was blindly coded by the VPN system. Therefore, only patient
age and gender were provided as identification. After 24 hours of
stroke call initiation, all i-Stroke data for the patient are
erased automatically.

Results
The i-Stroke project was approved by our Institutional Re-
view Board and 64 “i-Stroke” calls were made between
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Figure 1. Components of the system in connec-
tion (A) and stroke call patients’ summary (B).

August 2010 and March 2011. Fifty-five patients were
admitted by ambulance from the central metropolitan area of
Tokyo and 9 patients admitted as walk-ins. The distance of
the patient transfer ranged between 1 and 20 km. The
patient’s diagnosis after completion of the call and clinical
management is shown on Figure 1B.

Hlustrative Case

A 38-year-old man presented with a severe headache. Three-
dimensional CT angiography revealed subarachnoid and in-
tracerebral hemorrhage resulting from a ruptured anterior
communicating artery aneurysm. Initiating a stroke call, the
images were transferred to the experts on endovascular and
open surgical treatment (Figure 3A-B). Monitoring real-time
images on the immediately performed angiography, senior
neurosurgeons and neurointerventionalists discussed treat-
ment options using the “Twitter option.” Surgery was started
immediately by the on-call residents, a junior neurosurgeon
moved to the hospital monitoring the case on the way, and the
senior neurosurgeon advised the team using videostream
from an outside location (Figure 3C).

Discussion
Compared with existing systems,>¢ the i-Stroke system rep-
resents an advance in the direction of treatment support.

Information sent from a fixed workstation can be received
wherever there is a mobile signal (i-Phone, Android). In
addition to delivering images, when initiated before admis-
sion, the i-Stroke system alerts the relevant hospital staff on
the patient’s arrival condition and time, a key function
considering the importance of team stroke treatment. Further
on, the display of real-time diagnostic imaging results and
other tests permits swift reaction to developments and phy-
sicians can objectively identify possible time savings. Clini-
cal evaluation scales (Glasgow Coma Scale, the National
Institute of Health Stroke Scale, the modified Rankin Scale)
are included in the patient record options.

The real-time viewing of surgical and other procedures by
senior experts outside the hospital allows the assessment of
treatment progress and provides guidance, contributing to
treatment safety and risk management.

The Tweet function permits adding instantly comments
about clinical images and other related data. i-Stroke is
therefore a novel system that enables simultaneous commu-
nication among several members and results in significant
time savings on decision-making. Treatment instructions and
other orders can be sent with a single touch.

For personal information protection, all mobile devices are
identified and password-protected so that only the device
owners can see images, and measures such as automatic
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alculation for IV PA

Figure 2. Diagnostic and treatment data display and orders (A and B}, including timeframe display (C).

deletion of images within 24 hours of receipt are included. pressed to ensure rapid download, aiming for protection from
When images are downloaded to the physician’s device information leakage.

outside the hospital, to guarantee security, images are auto- We hope in this way eventually all emergency patients
matically rendered anonymous and simultaneously com- with stroke nationwide will benefit from this system through

Figure 3. Basic imaging abilities on mobile device. A, Admission CT; (B) digital subtraction angiography; (C) real-time monitoring of the
procedure by consulting expert and “real-time” surgical field in display to the expert. Postoperative images: (D) digital subtraction
angiography and 3-dimensional CT bone reconstruction.
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the cooperation of hospitals throughout Japan who wish to
participate. Furthermore, similar systems will probably also
continue to be adopted worldwide in line with the American
Heart Association recommendations.?#*

i-Stroke concept and functions can be adapted to other
medical fields, and i-Cardiology, i-Obstetrics, and i-Gynecology
are under development.

Conclusions

By facilitating the rapid diagnosis and treatment of stroke and
other acute neurological and neurosurgical conditions, our
system is expected to improve the outcome in many patients.
The results indicate its potential to provide benefit for
treatment of patients with ischemic stroke, although these
series contained only 1 such case. It may also reduce extra
working hours, giving physicians the opportunity to be
efficient even when being on standby, away from the work-
place. Hopefully misdiagnosis and unnecessary transfer of
patients will be reduced, ultimately contributing to healthcare
cost reduction.
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