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Challenges

� Stroke care fragmented and poorly 
implemented

� Inefficient care delivery

� Acute stroke care resource 
intensive and difficult to provide, 
limited access

� No easy to use tools available to 
measure and improve stroke care
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MASS DPH regulations

� Work with Dept of Public Health and State 
Hospital Association to create 
� Point of entry plan for EMS
� regulations to license hospitals as primary 

stroke services
� Requires full hospital commitment and 

adherence to NINDS guidelines
� Mandatory reported data collection and QI
� consensus measures of performance



Smaller bed size and rural hospitals are less 
likely to have acute stroke resources

� Smaller hospitals (<200 beds, 43/72) more likely rural hospitals (p<0.0001). 
� Smaller hospitals, surveyed in 2003, less likely to express interest in achieving state-based 

designation as a Primary Stroke Service (p=0.01).

Data presented at 2006 International Stroke Conference, Orlando, FLA.
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“Never, ever, think outside the box”



MGH TeleStroke

How should 
we think of 
TeleStroke?

When Bell began in 1880, the 
telegraph had been an established 
means of communication for 30 
years. Although highly successful, 
it was basically limited to sending 
and receiving only one message at 
a time.

http://inventors.about.com/library/inventors/bltelephone.htm

Dr Martin Cooper of 
Motorola calls his rival, 
Joel Engel at Bell Labs in 
April 1973.
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The “TeleStroke” Paradigm
Bedside Stroke Encounter TeleStroke Encounter

� Review history Review history

� NIHSS NIH-TSS

� Review Head  CT Review Head  CT

w/Teleradiology

� Discuss Diagnosis & Discuss Diagnosis &

plan with MD & family plan w/MD & Family
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Stroke Team Designs
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LHS/MGH

Acute Stroke 
Consult 4/11/99

2:00 am

“85 year old RHWM s/p CABG
w/ quadriplegia, coma…”



Fixed or Mobile VC 
unit with Monitor

TCP-IP @ 
>300 kbps

CT DICOM 
Image Server

CT Scan

Bedside MD at Referring 
Hospital

Patient

Desktop PC with Monitor or 
integrated Image Viewer

TeleStroke Consultant 

TCP-IP 
or ISDN @ 
>384 kbps

Fixed or 
Mobile VC 
unit w/ 
monitor

TeleStroke Point-to-Point Link
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Feasibility of remote exam: NIHTSS

� Validity of NIH TeleStroke Scale 
(NIH-TSS) in sub-acute patients 
over a TeleStroke link1

� Ability to perform real-time NIHTSS 
with high inter-rater reliability2-4

1Shafqat S. Stroke. 1999;30:2141-2145
2Craig JJ. J Telemed Telecare. 1999;5:177-181 
3Wang S. Stroke. 2003;34:e188-191
4Handschu R. Stroke. 2003;34:2842-2846
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88 RHBM 
with acute 
onset 
aphasia and 
hemiparesis 
at outlying 
hospital
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Remote Support for Acute Stroke Evaluation 
from US to Middle East  (April 2002)



tPA
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CT interpretation for tPA exclusions

� Ability to identify exclusions to IV tPA 
in real-time5

� Neurologist vs. radiologist readers2,4

� Low-cost browser-based systems for 
DICOM image review

� High mortality among CT protocol 
violators treated with tPA1,3

1Hacke. JAMA. 1995;274(13):1017-25. 
2Schriger DL. JAMA. 1998;279:1293-1297 
3Buchan AM. Neurology. 2000;54:679-684 
4Johnston KC. Telemed J E Health. 2003;9:227-233
5Schwamm LH. Acad Emerg Med. 2004;11:1193-1197
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Imaging Conclusions

� Stroke neurologist interpretation of 
compressed non-contrast CT on 
desktop system was identical to 
Neuroradiologist for determining 
imaging criteria in t-PA eligibility 

� Reducing the number of physician 
experts required to support acute 
stroke care may increase the 
likelihood of therapy
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Safety of IV tPA remote approval

� Buffalo, NY- ISDN 3/12 pts @ 256 
kbps received IV tPA. 

� Ability to administer tPA safely in a 
variety of different environments 
and technology platforms1-5

� Physician-extenders6 (e.g. APRN)

1LaMonte MP. Stroke. 2003;34:725-728
2Wiborg A. Stroke. 2003;34:2951-2956
3Schwamm LH. Acad Emerg Med. 2004;11:1193-1197 
4Wang S. Stroke. 2004;35:1763-1768
5Audebert H. Stroke 2005;36(2):287-91 
6Choi JY. Telemed J E Health. 2004;10:S90-94
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Patients who present early 
get appropriate treatment

� Twelve of 26 (46%) TeleStroke 
consultations began within the 3 
hour window 

� Of the 8 potentially eligible acute 
strokes, 6 (75%) received IV tPA 
and the remaining 2 were not 
treated due to mild deficits 
(NIHSS 1, 3)
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Patients were treated and 
transferred without 
protocol violation
� 12 of 26 patients were urgently 

transferred for further 
management, including all 6 
patients receiving IV tPA.

� EMS transport records in patients 
treated with tPA and revealed no 
violation of NINDS guidelines.  
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Impact of TeleStroke

� During the 27 month intervention, 
6/106 (5.6%) patients admitted 
with ischemic stroke received tPA, 
compared with 0/100 (0%) 
admitted during the prior 2 year 
period (5.6% vs. 0%; p=0.03)



Agreement

0% 25% 50% 75% 100%

CT  good Q

Sound  good Q

Image good Q

Speed good

improved pt care

confident managing patients

as good as a face-to-face

permitted the best care

SN EP PT
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Hospital

IV tPA?

Gov’t
Regulator
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MGH TeleStroke Center History

19961996 19971997 19981998 19991999 20002000 20012001 20022002 20032003 20042004 20052005 20062006

InitialInitial
Pilot Pilot 

experienceexperience

Seed FundingSeed Funding
GrantedGranted 1st Hospital1st Hospital

enrolledenrolled

DPH Primary DPH Primary 
Stroke ServiceStroke Service

Concept Concept 
ValidationValidation

Concept Concept 
GenerationGeneration

2nd Hospital2nd Hospital
enrolledenrolled

15 15 
HospitalsHospitals
enrolledenrolled

EMS reEMS re--routingrouting
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Distribution of TeleStroke Hospitals in Massachusetts

MGH

128 mi 

102 mi

62 mi 

2.5 mi 

15 hospitals in Network
New hospitals joining
------------------------------
68 tPA-Capable Centers
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Meta-Analysis: Earlier tPA is Still Better

Association of outcome with early stroke treatment: pooled analysis of 
ATLANTIS, ECASS, and NINDS rt-PA stroke trials. Lancet 2004; 363: 768–74
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Comparison of TeleStroke and Conventional Care

Houston
(Conv)

Ontario*
(Tx-tPA)

TEMPiS
(TeleS)

REACH 
(TeleS)

MGH
(TeleS)

Stroke 
Center

Urban

Rural

Rural

Rural

Rural

Patient
Population

Received 
tPA 

(n=269)

Received 
tPA (n=23)

Received 
tPA 

(n=106)

Received 
tPA (n=12)

Received 
tPA(n=6)

Sample

���� 67 ����

���� 34 ����

���� 65 ����

���� 71 ����

���� 36 ����

Symptom-
to-Door 

(min)

���� 70 ����

���� 89 ����

���� 15 ����

���� 45 ����

���� 70 ����

Door-to-
Consult 

(min)

���� 49 ����

���� 61 ����

���� 18 ����

���� 36 ����

Consult-
to-Needle 

(min)

= 137

= 172

= 141

= 134

= 142

Symptom-
to-Needle 

(min)
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Usual (ship & drip) vs. TeleStroke (drip & ship)
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Telemedicine for Primary 
Stroke Centers & IV tPA

� Virtual Acute Stroke Team

� Facilitate stroke clinical trials

� Improve subacute stroke care 

� Develop regional approaches to 
stroke management

� In 2003, < 10% of US hospitals 
met full criteria for a PSC

Kidwell CS. Neurology. 2003;60:1452-1456 
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Financial sustainability

� Costs of infrastructure

� Costs of labor and maintenance
� Reimbursement restrictions

� Single payer vs. multiple payers
� Cost savings of tPA delivery/case 

and of avoiding inappropriate use

� Government funding vs. shared-
cost model
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Malpractice

� Archiving of consults

� Coverage of TeleStroke activities 
by insurance carrier

� Cost of not providing tPA 
evaluation capabilities (lawsuits 
and lost opportunities)
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More than just stroke…

� Stroke
� General Neurology
� Epilepsy
� Sleep
� Rehabilitation
� Neuroradiology
� Clinical Neurophysiology 
� Pediatric Neurology 
� Developing World
� Education & Training Royal Society of Medicine Press

May 2005
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Team Key Personnel  

MGH Neurology and Stroke Team Stroke and telestroke fellows 

MGH Information Technology John Glaser, Joe Kvedar, 
Stephanie Prady, John Lester, 
Scott Leonard, Chris Fusco, 
MT Shore, Brian Murphy 

MA DPH  Paul Dreyer, Janet Prvu, Gail 
Pamieri and the Primary Stroke 
Service Advisory Committee 

Office of Emergency Medical 
Services 

Louise Gouyette 

Participating hospitals  Stroke Service Directors 
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