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BACKGROUND 
 



Initial Systolic Blood Pressure in Patients Presenting to 
the Emergency Room with Stroke in United States 
(National Hospital Ambulatory Medical Care Survey 2003)   
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Adapted from: Qureshi AI, et al. Am J Emerg Med 2007;25(1):32-8.  
.   



Stroke specific disruption of  
autonomic activity 

 
Parasympathetic 

activity 
 

Sympathetic 
activity 

BP 

Disruption: structural 
and/or functional 

Adaptation: functional 

(Qureshi AI: Circulation 2008 Jul 8;118(2):176-87) 



Evolution of our understanding of acute 
hypertensive response and ICH 

Qureshi AI. Stroke. 2013 Jun;44(6 Suppl 1):S67-9. 

 
Period I 
(1985-1997) 

Period II 
(1998-2003) 

Period III 
(2004-2009) 

Period IV 
(2010---) 

DONOT 
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Hypoperfusion without ischemia 
From:   Zazulia: J Cereb Blood Flow Metab, 21(7). 2001.804-810 
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Hibernation 
stage (0-2 days) 

Reperfusion 
stage (2-14 days) 

Normalization 
stage (>14 days) 

    Qureshi AI, et al. Neurosurg Clin N Am 2002;13:355-370. 



Baseline 14 hours 24 hours 72 hours 1 week 

Pathophysiology of intracerebral hemorrhage 

Hematoma 

Edema 

Qureshi AI, Mendelow AD, Hanley DF. Lancet. 2009 9;373:1632-44.  



Hematoma Enlargement 
(From:   Qureshi: N Engl J Med; 344.: 2001.1450-1460) 

Baseline 6 hours 



Elevated systolic blood pressure may predispose to 
hematoma enlargement 

Kazui: Stroke, Volume 28(12).December 1997.2370-2375 

 

Pr
op

or
ti
on

 o
f 

pa
ti
en

ts
 (
%
) 

0 

10 

20 

30 

40 

50 

Hematoma 
enlargement 

No hematoma 
enlargement 

SBP>200 mm Hg 



Intracerebral Hemorrhage Specific Intensity of Care 
Quality Metrics-BP management 

An algorithm that evaluates principles of care using the 
"best available" evidence in a semi-quantitative manner 

Variable Quality parameter 1 points if YES or 
not applicable 

Treatment of 
acute hypertensive 
response (SBP ≥180 
mm Hg) 

Time interval between two 
consecutive SBP≥180 mm Hg 
AND first SBP<180 mm Hg 
recording 

Achieved target 
range with 2. 5 hours 
of second of the two 
consecutive  
measurements OR 
not applicable 

Re: Qureshi AI. Neurocrit Care 2011;14:291-317 

26 quality indicators related to 18 facets of care  
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Intravenous calcium channel  
blocker infusion initiated 

Figure 3 

Treatment of acute hypertensive response (SBP ≥180 mm Hg)= 1 



Intracerebral Hemorrhage Specific Intensity of Care 
Quality Metrics-BP management+25 quality indicators 

Score on performance metrics and survival 

Re: Qureshi AI. J Stroke Cerebrovasc Dis 2013 Jul;22(5):661-7.  
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More aggressive BP reduction  
maybe beneficial? 

Ohwaki K, Stroke. Jun 2004;35(6):1364-1367.   

1 60 mm Hg 

1 50 mm Hg 

Hematoma enlargement 30%  

Hematoma enlargement 9% 



Intensive blood pressure reduction in acute cerebral 
haemorrhage trial (INTERACT) Lancet Neurology 2008;7:391-399 

Variables Intensive 
SBP<140mmHg 

(n=203) 

AHA-guideline 
SBP<180mmHg 

(n=201) 

p-value 

Hematoma 
expansion (>33% 
or 12.5 ml) 

15% 23% 0.05 

Variables SBP reduction 
≥60 mmHg 

(n=32)  

 SBP reduction 
<60 mmHg 

(n=28) 

RR  
(95% CI)  

Hematoma 
expansion(>33%) 

19% 33% 0.6  
(0.2, 1.4) 

Antihypertensive Treatment of Acute Cerebral 
Hemorrhage (ATACH) Study. Arch Neurol 2010: 67(5):570-6. 



Intensive blood pressure reduction in acute cerebral 
haemorrhage trial (INTERACT) Lancet Neurology 2008;7:391-399 

Variables Intensive 
SBP<140mmHg 

(n=52) 

AHA-guideline 
SBP<180mmHg 

(n=52) 

p-value 

Hematoma 
expansion (>33% 
or 12.5 ml) 

12% 27% 0.08 

Variables SBP reduction 
≥60 mmHg 

(n=11)  

 SBP reduction 
<60 mmHg 

(n=9) 

RR  
(95% CI)  

Hematoma 
expansion(>33%) 

18% 38% 0.5  
(0.1, 2.3) 

Antihypertensive Treatment of Acute Cerebral 
Hemorrhage (ATACH) Study. Arch Neurol 2010: 67(5):570-6. 
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Intensive blood pressure reduction in acute cerebral 
haemorrhage trial (INTERACT) Lancet Neurology 2008;7:391-399 

Variables Intensive 
SBP<140mmHg 

(n=52) 

AHA-guideline 
SBP<180mmHg 

(n=52) 

p-value 

Hematoma 
expansion (>33% 
or 12.5 ml) 

12% 27% 0.08 

Variables SBP reduction 
≥60 mmHg 

(n=11)  

 SBP reduction 
<60 mmHg 

(n=9) 

RR  
(95% CI)  

Hematoma 
expansion(>33%) 

18% 38% 0.5  
(0.1, 2.3) 

Antihypertensive Treatment of Acute Cerebral 
Hemorrhage (ATACH) Study. Arch Neurol 2010: 67(5):570-6. 
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Attenuation of hematoma expansion with intensive SBP  
reduction. Attenuation most prominent in patients  

recruited within 3 h 
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Primary hypothesis: ATACH II 

 
Intensive SBP reduction1 reduces the likelihood of  
death or disability at 3m after ICH by 10% or  
greater when compared with standard SBP 
reduction. 
 
 
1. SBP<140 mmHg using IV nicardipine with treatment initiated 

within 4.5 h of onset of ICH and continued for the next 24h 
2. Defined by mRS score of 4-6  
3. SBP<180 mmHg 

 



Trial design: ATACH II 
re. Qureshi AI, Palesch YY. Neurocrit Care. 2011;15(3):559-76. 

Baseline 24 hrs 

SBP<180 mm Hg 

SBP<140 mm Hg 

3 m 



 Key Inclusion Criteria 

• Age ≥18 years  
 

• Randomized treatment can be started 
within 4.5 hrs of symptom onset  

 

• The total GCS score of ≥5  
 

• CT scan-manual hematoma volume < 60 cc 
 

• Pre-treatment SBP > 180 mmHg 



Eligibility blood pressure 

EMS 
measure 

ED  
arrival 

ED 
monitor  

SBP >180 mm Hg SBP >180 mm Hg SBP >180 mm Hg 

SBP >140 mm Hg SBP >140 mm Hg SBP >140 mm Hg 

IV antihypertensive meds 



Measurement of hematoma volume 
(exclude >60 cc) 

   
A = 2cm 
B = 1cm 
C = slice thickness X 
number of slices 
 = 0.5 x 4 = 2cm 
Hematoma volume = 2 X 1 
X 2 ÷ 2 = 2cm3 



 
Exclude if blood completely fills one lateral 

ventricle or more than half of both ventricles 

Grade 1 Grade 2 Grade 3 

INCLUDE 

EXCLUDE 



Overview of the study design 
Patient screened ED personnel 
Patient meets eligibility criteria Site investigator 
Randomize subjects 1:1 WebDCUTM  system  

at MUSC 
Intensive 
treatment 

SBP<140mmHg 
using IV 

nicardipine 
±labetalol 

Standard 
treatment 

SBP<180mmHg 
using IV 

nicardipine 
±labetalol 

Site investigator  

Best management according to AHA  
guidelines and “best available 
evidence” 

Site investigator/ 
treating physicians 
 

FDA-IND-exempt # 107804 



Overview of the study design 
Intensive 
treatment 

SBP<140mmHg 
using IV 

nicardipine 

Standard 
treatment 

SBP<180mmHg 
using IV 

nicardipine 

Site investigator  

Neurological evaluation Site  
investigator/ 
treating physicians 

CT scan for hematoma expansion Blinded central  
image analysis  

AEs (up to discharge), SAEs, care  
parameters 

Site investigator  
(adjudication by IOC) 

mRS and Euro-QOL Blinded neurological  
evaluation by  site  
investigator 



Summary of required evaluations 
Baseline 24h 48h Discharge Day 30  

(tel) Day 90 

Screening X 
Eligibility X 
Demo/ED  
examination X 

Medical History X 
Cardiology/EKG X 
Vital signs X X 
Prior  
medications X 

GCS score X X 
NIHSS score X X X 
Lab Tests X X X 
CT scan X X 



Summary of required evaluation according 
to time points of ascertainment  

Baseline 24h 48h Discharge Day 30  
(tel) Day 90 

Nicardipine  
administration X 

Hospital  
discharge  
summary 

X 

Concomitant  
medications X X X     

Concomitant  
procedures X X X 

Concomitant  
acute therapies X 

Qureshi AI, Palesch YY. Neurocrit Care. 2011 Dec;15(3):559-76. 



Summary of required evaluation according 
to time points of ascertainment  

Baseline 24h 48h Discharge 
Day  
30  
(tel) 

Day  
90 

AEs X X X 

SAEs X X X X X 

Follow- up X X 

mRS X X 

EuroQOL X 

End of Study X 

Qureshi AI, Palesch YY. Neurocrit Care. 2011 Dec;15(3):559-76. 



Primary outcome (dichotomized mRS) 
Scale Criteria 
0 No symptoms 
1 No significant disability despite symptoms; able to  

carry out all usual duties and activities 
2 Slight disability; unable to carry out all previous  

activities but able to look after own affairs without  
assistance 

3 Moderate disability requiring some help, but able to  
walk without assistance 

4 Moderate severe disability; unable to walk  
without assistance and unable to attend to own  
bodily needs without assistance 

5 Severe disability; bedridden, incontinent, and  
requiring constant nursing care and attention 

6 Death 



Secondary outcomes 

• EuroQOL 
• Hematoma expansion as determined by 

serial CT scans  
• Treatment- related SAEs within 72 h   

Qureshi AI, Palesch YY. Neurocrit Care. 2011 Dec;15(3):559-76. 



Statistical considerations 

Proportion of mRS 
4-6 in standard SBP 

reduction group 

Proportion of mRS 
4-6 in intensive SBP 

reduction group 

Expected difference 
between two groups 

Sample size 



Statistical considerations 

Proportion of mRS 
4-6 in standard SBP 

reduction group 
(60%) 

Proportion of mRS 
4-6 in intensive SBP 

reduction group 
(50%) 

Expected difference 
between two groups 

(10%) 

Sample size 
(n=1,280) 



Statistical considerations 

Standard  
therapy  
group 

Sample size  
estimation* 

45% 1 244 

50% 1 282 

55% 1 296 

60% 1 282 

65% 1 244 

Effect size Sample size  
estimation* 

10% 1282 
9% 1582 

8% 2002 

7% 2610 

6% 3550 

5% 5100 



Independent  
Oversight  

Committee - 
SAEs (relevance to 

treatment and  
intensity of care) 

First 3 pts (protocol 
compliance/overall 
Intensity of care)  

Clinical Coordinating 
Center: 

Principal Investigator (AIQ) 
Project Manager (JN) 

Statistics/Data 
Coordinating Center: 

Principal Investigator (YP) 
Study Statistician (RM) 

Data Manager (CD) 
Reg Doc Mgr (BW) 

Clinical Trial Sites  
(Site PI/Research Coordinators) 

DSMB 

External 
Advisory 

Committee 

http://www.ninds.nih.gov/
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CURRENT STATUS 
 



Current participating countries 
• The trial continues in USA, Japan, China, and 

Taiwan, South Korea and anticipated to start in 
Germany and Canada.  



Current Status-Active Sites  
Overall USA Japan China Taiwan S. Korea 

First DSMB meeting (October 22nd, 2012) 

50 43 5 1 1 

Second DSMB meeting (April 22nd, 2013) 

76 52 15 4 4 1 

Third DSMB meeting (October 7th, 2013) 

82 51 15 6 6 4 



Current Status-Recruitment 
Overall USA Japan China Taiwan S. Korea 

First DSMB meeting (October 22nd, 2012) 

89 79 10 0 0 0 

Second DSMB meeting (April 22nd, 2013) 

207 125 53 17 11 1 

Third DSMB meeting (October 7th, 2013) 

359 187 97 43 25 7 



USA, N=187 

SOUTH KOREA, 
 N=7 

TAIWAN, 
N=25 

JAPAN, 
N=97 

CHINA, 
N= 43 

Enrollment By  
Country 
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Last 6 months 
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 Summer months 
 Post INTERACT II trial 

results 



 
ATACH II—July 26th, 2013 

Clarification regarding INR in patients on warfarin 
 A subject may be eligible for enrollment based on a re-

draw of the INR showing a value of < 1.5 (i.e., 1.4 or less) 
if reversal is achieved before the close of the 4.5-hour 
window from symptom onset and all other 
inclusion/exclusion criteria are met. 

 INR reversal using PCC is generally a two-step process, 
using appropriately diluted IV vitamin K1 in addition to 
the administration of the intravenous PCC product. A 
change to INR with PCC administration becomes evident 
starting after approximately 10 minutes, with peak 
effect at 30 min.  

Andrews CM, Jauch EC, Hemphill JC, 3rd, Smith WS, Weingart SD.  
Emergency neurological life support: Intracerebral hemorrhage.  
Neurocrit Care. 2012;17 Suppl 1:S37-46 
 



Real Time Feedback to Sites 

WebDCU™ Email Notification 

Site Enrollment Summary 

This is a monthly site enrollment summary for ATACH II trial. 

 

Site Name: Hennepin County Medical Center 

Date Released to Enroll: Mar 22 2011 12:00AM  

Total Enrolled: 9 

Date of Last Enrollment: May 14 2013 7:08PM 

Days since Last Enrollment: 143 

 
This email was generated by WebDCU System. 
For more information, log on to the WebDCU study website. Powered by DCU.musc.edu 

https://dcu.musc.edu/ctms/login.asp
https://dcu.musc.edu/


Achievements 
• The ATACH II investigators in 

collaboration with MentorMate 
released the ATACH-II Patient 
Recruitment Guidelines mobile 
application available on iPhone, 
Android, and Blackberry in 2011. 
The application allows screening and 
randomization through iPhone, 
Android, and Blackberry and has 
been widely adopted among 
investigators and even in other time 
sensitive clinical trials.  

 



Achievements 
• The educational impact of the ATACH II trial 

has been very high. This is seen with several 
publications in peer-reviewed journals, numerous 
presentations in various national and international 
forums, and recently a supplement of Journal of 
Vascular and Interventional Neurology dedicated 
to the ATACH II trial.  

 



 
Japan-South Korea Investigators meeting, 

Oct 6th, 2013, Osaka, Japan 



Eastern US investigators meeting- 
ICIN 2013, Oct 11th, Philadelphia, PA 
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INTERACT II 
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INTERACT II 

• Onset <6 
hours 

• SBP 150-
220 mm Hg 

ATACH II 

• Onset <4.5 
hours 
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in 2h 

Inten-
sity 
of care 



INTERACT-Baseline characteristics 
INTERACT II 
(N=2794) 

Baseline SBP <180 mm Hg 1488 (53%) 
Time interval from symptom 
onset to randomization ≥4 hr 

1173 (42%) 

No IV antihypertensive 
treatment required 

921 (33%) 

IV antihypertensive meds used 
not available in US 

645 (23%) 

IV antihypertensive meds used 
not preferred in US 

733 (26%) 

Anderson CS; the INTERACT2 Investigators.  
N Engl J Med. 2013 May 29. [Epub ahead of print] 



INTERACT II: 
Lack of early therapeutic effect 

Anderson CS; the INTERACT2 Investigators.  
N Engl J Med. 2013 May 29. [Epub ahead of print] 
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INTERACT II:  
Lack of early therapeutic effect 

Anderson CS; the INTERACT2 Investigators.  
N Engl J Med. 2013 May 29. [Epub ahead of print] 

 
Intensive 
BP 
lowering 
(N =491) 

 
Guideline- 
based 
BP lowering  
(N =473) 

Hematoma 
growth 

26.1% 26.4% 

Neuro 
deteriorate 

14.5% 15.1% 

Greater 
SBP  

reduction 
required? 

Safety 
profile? 



SBP profiles by treatment group in ATACH II  
(data censored Sept 5th, 2013) 

Standard SBP reduction 

Intensive SBP reduction 



Late emergence of benefit in rate of 
mRS 0-2 

20

25

30

35

40

45

50

7 30 90

Intensive
Standard

Anderson CS; the INTERACT2 Investigators.  
N Engl J Med. 2013 May 29. [Epub ahead of print] 

 
Intensive 
BP 
lowering 
(N =491) 

 
Guideline- 
based 
BP lowering  
(N =473) 

Withdrawal 
of care 

5.4% 3.3% 

Disproportionate use of withdrawal of care obscured  
early benefit of intensive SBP reduction?  
OR 
Post 24 hour intensity of care differed between the  
two groups? 



Post 24 hr intensity of care between  
the two groups 

Anderson CS; the INTERACT2 Investigators.  
N Engl J Med. 2013 May 29. [Epub ahead of print] 

Post 24 hour BP management 



Is INTERACT study definitive? 
 Statistical significance not achieved in primary 

analysis and further reduced after adjustment for 
confounders such as NIHSS score, hematoma volume, 
and IVH. 

 Statistical significance achieved in secondary analysis 
in unadjusted analysis but not after adjustment for 
confounders such as NIHSS score, hematoma volume, 
and IVH. 

 Intensive SBP reduction as applied in INTERACT II 
was of small magnitude with no effect on hematoma 
expansion and small benefit (absolute benefit of 
3.6%) on rate of severe disability and death. 

 Results are hypothesis generating but not compelling 
to change standard of care. 

 



Lessons for ATACH II? 
 Ensure that intensive SBP reduction meets the SBP 

goals (<140 mm Hg) effectively and consistently. A 
mere difference from standard SBP reduction may not 
adequately test the primary hypothesis. 

Monitor time to initiate treatment and post 24 hr BP 
management to avoid differences secondary to 
unblinded nature of trial.  

No modification in inclusion/exclusion criteria as no 
heterogeneity of the treatment effect on the primary 
outcome in eight prespecified in INTERACT II. 

 Safety profile maybe different with greater 
magnitude of SBP reduction. 

  Maintain a low proportion of untreated patients to 
adequately test “pharmacological reduction” as an 
intervention. 



Anticipated New Initiatives 

Additional sites 
in China (n=3)  

Additional sites 
in Spain (n=3)  

Additional sites 
in Canada (n=3)  

Addition
al US 
sites 

through 
NETT 
(n=10)  



Partnership with the NETT CCC 

The NETT Clinical Coordinating Center at the 
University of Michigan will manage domestic 
clinical sites in the fourth year of the trial. 

Transition of responsibilities expected on 
11/1/13. 

33 Additional sites in YR 4: 
– 10 additional NETT sites. 
– 10 additional domestic sites. 
– 13 additional foreign sites. 
– Cumulative active sites by close of YR 4: 
115. 

 
 



Sites in Germany 
 University Hospital Dresden 
 Clinic Frankfurt Hoechst 
 University Hospital Halle 
 University Hospital Heidelberg 
 University Hospital Leipzig 
 University Hospital Mannheim 
 Hospital Barmherzige Bruder 
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Integration: additive OR synergistic? 

ATACH II 
INTERACT II 
 
SBP reduction  
<140 mm Hg 
 
Time window 
 
Patient subset 
 
Time to reach  
SBP goals 
 

 
Intensity  
of care 

STICH II 
Surgical 
evacuation 
of lobar ICH 

IVH-CLEAR 
Intraventricula
r hemorrhage+ 
thrombolytics 



Thank you for all your support  
and guidance 
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