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Imaging Techniques in CAS 24/7

  Why TCD ?



 

Stroke box on ER of  CAS.



 

Special Care Unit, CAS



 

 Why?      



 

What do we see with TCD?? 
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TCD is a useful tool

•  Stroke (ischemic) 
•  Brain trauma
•  Brain death
•  Subarachnoidal hemorrhage
•  Other



 
TCD ���

and ischemic stroke



 

 Ischemic stroke with vessel oclussion 

•  Responds less to  EV rt_PA 

•  Worse prognosis 

•  Frequent worsening in the following 
hours 



 

Advantages of TCD 

Site of occlusión Sensibility Specificity VPP VPN 

MCA 93 98 93 98 

 Distal ICA  81 96 81 96 

Proximal ICA  94 97 94 97 

Basilar oclussion 60 96 60 96 

Vertebral 
oclussion 

55 96 71 92 

ü  Low cost 
ü  Does not irradiate  
ü  Bedside test  
ü  Its performed by the clinician 
ü  Can be repeted as necessary 
ü  Allows monitoring 
ü  Good correlation with DSA y CTA 

Demchuk et al. J Neuroimaging 2000 



 

Brunser AM.Stroke 2009 

Sensitivity, specificity and LHR of TCD compared with CTA,  
Clínica Alemana de Santiago 

 TCD Advantages 

LHR: Likelihood ratio



 

LMCA occlusion



 

Recanalization with t-PA related to 
location of obstruction by TCD

Complete recanalization
•  MCA M1: 30%

•  MCA M2: 44%

•  Tandem:27%

•  Terminal ICA 6%

•  Basilar:33% 
Saqqur.Stroke.2007:38;948-954.



 

TIBI scale related to Spencer curve



 

Initial TIBI scale on TCD and 
reperfusion with t-PA

TIBI 0 TIBI 1

TIBI 2 TIBI 3

+

+

35% of complete
reperfusion at 2 hours

52%of complete
reperfusion at 2 hours

 

Demchuck.Stroke2001;32:89-93.



 

TCD advantages 

Change in  medical managament
9%(95% CI 4.3–17.1)     

•  79 patients 

•  Evaluated in the first 24 hours 
 - Brain TC 
 - Brain CTA 
 - DWI 
 - TCD blind 

 
 
 

 

Brunser AM, Cerebrovasc Dis 2010 

Additional information 
35%  

(95% IC 25,7-46,4)  



 

TCD and CTA do complement each other

100 AIS
< 24 hrs.

33 arterial
oclussions

CTA TCD

Demonstrated: 30 Demonstrated: 29

Not detected 
2 PCA/ 2vert

Not detected
2 MCA2 / 1 TICA

Brunser. Not submitted



 

Additional Information

•  Ischemic stroke NIHSS 3, frequent 
fluctuation of symptoms.



NIHSS: 18 



 

Changes in management caused by 
TCD in 79 patients with AIS

8.8%, 95% CI 4.3–17.1

Brunser. Cerebrovasc Dis 2010;30:260–266



 

Rescue of patients in whom rt-PA failed 

NIHSS: 9 

NIHSS:7 NIHSS:11 



 

What about the hot spot: 
time < 4.5 hours

•  86 patients 

•  Evaluated in the first 4.5 
hours 
 - Brain TC 
 - CTA brain and cervical 
 - DWI 
 - TCD not blinde 

 
Additional information 

56.9.4% ( 95 CI 46.4 -66.9)   
 

 
Change in  medical management

17.4%( 95 CI. 9.4-25.5) 

Brunser AM,Submitted J. Neuroimaging 



 

Begining of r-tpA

40 minutes later

Change in management
depends on vessel oclusion
 on CTA p =0.000 

Brunser. Submitted J. Neuroimaging

NIHSS 19

NIHSS 9



 

TCD increase rt-PA recanalization 

Change in the structure of fibrin 
 

Fissures in the clot through which plasma seeps 
 

Increased contact between the clot and t-PA 



 

Penetration of t-PA
    into a thrombus
during thrombolysis                    

Hichcock Stroke. 2010;41[suppl 1]:S50-S53

With Ultrasound With out Ultrasound



 

Combined Lysis Of Thrombus in Brain ischemia using  
2 MHz transcranial Ultrasound and Systemic TPA 
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 Ultrasound-Enhanced Systemic Thrombolysis 
for Acute Ischemic Stroke

 

Andrei V. Alexandrov, M.D., Carlos A. Molina, M.D., James C. Grotta, M.D., 
Zsolt Garami, M.D., Shiela R. Ford, R.N., Jose Alvarez-Sabin, M.D., 

Joan Montaner, M.D., Maher Saqqur, M.D., Andrew M. Demchuk, M.D., 
Lemuel A. Moyé, M.D., Ph.D., Michael D. Hill, M.D., and Anne W. Wojner, Ph.D., 

for the CLOTBUST Investigators*

abstract

 

From the Stroke Treatment Team, University
of Texas–Houston Medical School, Hous-
ton (A.V.A., J.C.G., Z.G., S.R.F., A.W.W.); the
Neurovascular Unit, Vall d’Hebron Hospi-
tal, Barcelona (C.A.M., J.A.-S., J.M.); the
Division of Neurology, Department of Med-
icine, University of Alberta, Edmonton,
Canada (M.S.); the Department of Clinical
Neurosciences (A.M.D., M.D.H.) and the
Departments of Community Health Sci-
ences and Medicine (M.D.H.), University
of Calgary, Calgary, Alta., Canada; and the
Department of Biostatistics, School of Pub-
lic Health, University of Texas, Houston
(L.A.M.). Address reprint requests to Dr.
Alexandrov at MSB 7.044, 6431 Fannin St.,
University of Texas, Houston, TX 77030, or
at avalexandrov@att.net.

*The centers and investigators participat-
ing in the CLOTBUST study are listed in
the Appendix.

N Engl J Med 2004;351:2170-8.

 

Copyright © 2004 Massachusetts Medical Society.

 

background

 

Transcranial Doppler ultrasonography that is aimed at residual obstructive intracranial
blood flow may help expose thrombi to tissue plasminogen activator (t-PA). Our objec-
tive was to determine whether ultrasonography can safely enhance the thrombolytic
activity of t-PA.

 

methods

 

We treated all patients who had acute ischemic stroke due to occlusion of the middle
cerebral artery with intravenous t-PA within three hours after the onset of symptoms.
The patients were randomly assigned to receive continuous 2-MHz transcranial Dop-
pler ultrasonography (the target group) or placebo (the control group). The primary
combined end point was complete recanalization as assessed by transcranial Doppler
ultrasonography or dramatic clinical recovery. Secondary end points included recovery
at 24 hours, a favorable outcome at three months, and death at three months.

 

results

 

A total of 126 patients were randomly assigned to receive continuous ultrasonography
(63 patients) or placebo (63 patients). Symptomatic intracerebral hemorrhage oc-
curred in three patients in the target group and in three in the control group. Complete
recanalization or dramatic clinical recovery within two hours after the administration
of a t-PA bolus occurred in 31 patients in the target group (49 percent), as compared
with 19 patients in the control group (30 percent; P=0.03). Twenty-four hours after
treatment of the patients eligible for follow-up, 24 in the target group (44 percent) and
21 in the control group (40 percent) had dramatic clinical recovery (P=0.7). At three
months, 22 of 53 patients in the target group who were eligible for follow-up analysis
(42 percent) and 14 of 49 in the control group (29 percent) had favorable outcomes
(as indicated by a score of 0 to 1 on the modified Rankin scale) (P=0.20).

 

conclusions

 

In patients with acute ischemic stroke, continuous transcranial Doppler augments
t-PA-induced arterial recanalization, with a nonsignificant trend toward an increased
rate of recovery from stroke, as compared with placebo.

The New England Journal of Medicine 
Downloaded from nejm.org on September 26, 2015. For personal use only. No other uses without permission. 

 Copyright © 2004 Massachusetts Medical Society. All rights reserved. 

CLOTBUST
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Combined End-point during 2 hrs

Control
Target

NNT 5 (3-50)

RR 1.6 (1.03-2.6) 

p < 0.02                     
Mantel-Haenszel Chi-Square 

Primary End-Point: Complete Recanalization OR
 total NIHSS < 3 OR Recovery by >10 NIHSS points 

30%       49%



 

Sustained Complete Recanalization: 
TCD TIBI 5 Flow at 30 min Intervals

0

10

20

30

40%

TPA
bolus

30 min 60 min 90 min 120 min

Target
Control

p = 0.003   
Fisher’s exact test



 

CLOTBUST: Any Early Recanalization on TCD

0% 20% 40% 60% 80% 100%

Control

Target
Complete
Partial
None

33%

27%46%

17.5%

27%

49.5%

p < 0.001                     3x2 Chi-Square 
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rt-PA rt-PA + DTC

Complete arterial 
recanalization, NIHSS < 3 or   
>10 decrease in NIHSS 
 
 
NNT 5 (3-50) 
 
RR 1.6 (1.03-2.6)  
 
 
 

p = 0.02 

TCD increases the thrombolytic power 
of rt-PA 

Alexandrov. N Engl J Med. 2004 



 

                              
Sonothrombolysis CAS compared to CLOTBUST 

CLOTBUST control 
(rt-PA)

CLOTBUST 
treatment 
(ST+rt-PA)

Clínica Alemana 
Santiago 
(ST+rt-PA) 
 

Patients 63 (49) 63 (53) 61
Age 70 ±13 67 ±12 66±17,6

NIHSS 17 16 14
Time to bolus 130 150 127 

MCA occlusion 100% 100% 88,5%

Complete Recanalización 
TIBI 4-5     

17,6% 46% 44,3%

mRS 0-2  at 3 months 36,7 %  
(IC: 95%; 0,25-  0,51)

50,9%  
(IC: 95%; 0,38 -  

0,64)

60,6%  
(IC:95%; 48,1-72)

sHIC 4,8%  
(IC:95%; 1,1-13,6)

4,8% 
(IC:95%; 1,1-13,6)

9,8% 
(IC:95%; 4,3-20,2)

Brunser. Rev med Chile 2014;142:1238-1244



 

Sono-thrombolysis meta-analysis
Recanalization

Tsivgoulis. Stroke.2010;41:280=4

OR 2.99 CI 95 (1.70-5.25)



 

Sono-thrombolysis meta-analysis
RISK of ICH :     OR 1.26,  95 CI (0.44-3.6



 

Tsivgoulis. Stroke.2010;41:280-4

Sonothrombolysis-Metaanalysis ���
mRS 0-1 at day 90

OR 1.88,  95% CI (1.03-3.43)



 

Rescue of endovenous t-PA failure���
                                                            Saqqur.Stroke 2005;36:865-868

Affected MCA 

 Contralateral MCA
<0.6

Detection  in angioocclusion  
Sensitivity: 94% (63-99)      

Specificity 100% (lower 54)
  



 

         Reocclusion during  EV t_PA  
NIHSS 4 

Min 41 

NIHSS 10 

Min 47 

NIHSS 19  

Min 49 



 

TCD and endovascular theraphy���
 Accuracy of ultrasound for recanalization ���

Brain haemorrage risk
increases with

contrast injection 

Tsivgoulis. Stroke.2013:44;394-400

Accuracy of TCD for 
recanalization

Sen 88% 
Spe 89% 

   PPV: 81%   
NPV:93%



 TCD and other uses in stroke



 

Detection of microembolic signs 
 (MES) 

•  Higher risk of AIS in patients with CAD. 

•  Increase risk of AIS. 

Srinivasan J. Stroke 1996 

Iguchi Y.JNNP 2008 



 

TCD
Diagnosis of PFO
Sensitivity 70-100%, Specificity >95%
Superior to Trastoraxic Ecocardiogram



 

Patient with a cryptogenic AIS and a  
PFO

Seg 0 Seg 30 Seg 45



 

TCD allows follow up of changes in flow

36 hours of aggressive treatment 

 43 years, male patient R carotid dissection



 
TCD and brain death /  

intracranial pressure



 

Consensus for the diagnosis of intracraneal hynpertension    
  and circulatory arrest using TCD 

 

Journal of the Neurological Sciences 159 (1998) 145–150 



 

TCD and intracranial pressure 

MCA velocity=35cm/seg 

PI > 1.2 

Low velocities 



 

Monitoring head trauma with TCD 
•  Low velocities:
 (<35 cm/seg),  High PI (>1.2)  first 

72 hrs

•  Vasospasm:
ACM (>120 cm/seg, Lind > 3)

•  Hyperhemia:
ACM (>120 cm/seg ACM, Lin < 3)

•  Lost of  autoregulation:
(static o dynamic)

•  Early ICH 
  OR 3.2 for bad prognosis 

• Associated with traumatic SAH ,   
27-40% severe head trauma,  risk  
of stroke and bad prognosis. 

• Risk of brain edema.  
 
 
•   PPC dependence,  
Mortality of 47% vs 11% 

Acta Neurochir (Wien). 2002;144(11):1141.  

J Neurosurg. 2003;98(4):793-9. 

Acta Neurochir Suppl. 2002;81:117-9.  

J Neurosurg 1992;77:575-3 



 

day 1 Day 4

Lindengard: 2.0



 

Accuracy of TCD in the diagnosis 
of brain dead 

•  Sensitivity: 100% 

•  Specificity: 98% 

•  PPV: 96.1 

•  NPV: 100 

Brunser  Rev Méd Chile 2010: 138:406-412                                                0



 

In comparison with EEG

Its not afected by drugs



 

Patient 33 years, Glasgow 3, intubated and 
sedated  

¿What to do? 



 



 

TCD and brain death

75 patients in coma

Pretest posibility:  40%

•  P LHR: 45

•  N LHR: 0

 Brunser. JMC 2015:23; 29-33 . 



 

¿Were are the false negatives?

Patients with:
• Ventricular drains

• Skull defects

• Infratentorial lesions

Brunser. JMC 2015;23: 29-33. 
     Thompson. Crit Care 2014;3:534-8 



 
TCD and ���

subarachnoidal hemorrhage



 



 

Vessel 

diameter 

Flow 

Velocity 

Velocity 

Blood Flow 



 

Acurracy of TCD and angiography for 
symptomatic vasospasm in anterior 

circulation .
TCD
                       Sensitivity: 73%

Angiography
                       Sensitivity: 80%

                          Suarez.Critical Care Medicine.2002;30:1348-1355.



 

Acurracy of TCD and angiography for 
symptomatic VSP in anterior circulation ���

TCD
                       Sensitivity: 73%

Angiography
                       Sensitivity: 80%

                                                            Suarez.Critical Care Medicine.2002;30:1348-1355.



 

Diagnosis of vasospasm by TCD
Vasoespasm  ACM/ICA Velocity

Mild 3-6 100-140 cm/seg

Moderate 3-6 140-200 cm/seg

Severe > 6 > 200 cm/seg



 

TCD velocities increase 24-48 horas 
before clinical deterioration.

Wardlaw. J Neurosurg.1998;88:272-276



 

Asymptomatic patient on his day 
7 of SAH

Lindengard: 7.8 



 

TCD allows to control therapies in SAH 



 

TCD allows to control therapies in SAH 

Day 7 , patient with decrease of level of concious 

Treatment: external drain 



 

 From time to time 

 85 year woman, SAH 
Glasgow 3



 

TCD in SUC of Clínica Alemana 

Experience 2005- 2008 
  

Evaluated: 
   97 pacients /241 examinations  

  
 
Diagnosis: 
 
-  26 ischemic strokes 
-  21 SHA 
-  11 head injury 
-  9 ICH 
-  5 circulatory arrest 
-  24 other 

Foto UCI



 

Questions to the intensivist: 

1- Did TCD provide you with usefull information? 
 
2-Are you going to change your treatmen?  
 
3-How?  

TCD in SUC of Clínica Alemana 



 

TCD gives useful information  

93/97 patients (96%) 
 

DTC en la UTI de Clínica Alemana 



 

Continue  
treatment 

11 

Decompressive 
craniectomy 

5 

Other 
24 
 

Surgery not  
performed 

2 

Planned brain 
imaging not 

done  
8 

Increase 
treatment 

 
14 

Change of  
management 

65 

   Triple H 
angioplasty 
         6 

No invasive  
   ICP  
monitoring  
 
          2 



 

Technical limitations 
 

Variable   OR† I.C. 95.0%  
Mechanical ventilation  1.4 (0.73-2.822)  
Sex 2.3 (1.51-3.45)  
Age ≥ 80  N.A. ‡  
Age 60-79  1.62 (1.04-2.54)  
Age <60  13.87 (7.80-24.64)  

Brunser. San Diego.2002 (Texas University)                                         
Brunser. Cape Town  South Africa 2004                                                

  Brunser A. Brain and Behavier                                                       

10% Patients with suboptimal windows 
 
Table 4. Regression analysis for a non-ideal temporal window.*  
 

*The dependent variable was a non-ideal window. †Odds ratio; ‡Not applicable  
 


