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Abstract

Background and Purpose—Intra-arterial therapy (IAT) promotes recanalization of large

artery occlusions (LAO) in acute ischemic stroke (AIS). Despite high recanalization rates, poor

clinical outcomes are common. We attempted to optimize a score that combines clinical and

imaging variables to more accurately predict poor outcome after IAT in anterior circulation

occlusions.

Methods—AIS patients undergoing IAT at UT-Houston for LAO (MCA or ICA) were reviewed.

Independent predictors of poor outcome (modified Rankin Scale 4-6) were studied. External

validation was conducted on IAT-treated patients at Emory University.

Results—163 patients were identified at UT Houston. Independent predictors of poor outcome (p

values ≤0.2) were identified as score variables using sensitivity analysis and logistic regression.

Houston Intra-arterial Therapy 2 (HIAT2) score ranges 0-10: age (≤59=0, 60-79=2, ≥80 years=4),

glucose (<150=0, ≥150=1), NIHSS (≤10=0), 11-20=1, ≥21=2), ASPECTS (8-10=0, ≤7=3).

Patients with HIAT2 ≥5 were more likely to have poor outcomes at discharge (OR:6.43, 95%CI:

2.75-15.02, p<.001). After adjusting for reperfusion (TICI≥2b) and time from symptom onset to

recanalization, HIAT2 ≥5 remained an independent predictor of poor outcome (OR:5.88, 95%CI

1.96-17.64, p=0.02). Results from Emory's cohort (198 patients) were consistent; patients with

HIAT 2 score ≥5 had 6 times greater odds of poor outcome at discharge and at 90 days. HIAT2

outperformed other previously published predictive scores.

Conclusion—The HIAT2 score, which combines clinical and imaging variables, performed

better than all previous scores in predicting poor outcome after IAT for anterior circulation LAO.
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Introduction

In acute ischemic stroke (AIS), persistent large artery occlusion (LAO) often causes severe

neurologic deficits or death. Current therapeutic strategies focus on recanalization as the

most important factor to reduce damaged tissue and minimize neurologic deficits.

Intravenous (IV) t-PA is the only FDA approved therapy to improve outcome for AIS.1-2

However; stroke patients with proximal LAO have low recanalization rates with IV t-PA

alone, leading to poor functional outcome despite treatment.3-4

Intra-arterial therapy (IAT) has been an approach to recanalize LAO for 3 decades now.5-6

Intravenous therapy followed immediately by IAT in selected cases may be safe,7-8 but only

one controlled randomized trial of intra-arterial fibrinolysis has been conducted, showing

significant improvement in clinical outcome9 and recent trials have not shown IAT to confer

an increased benefit compared with IV t-PA or as an adjunctive approach to IV t-PA.10-11-12

IAT is resource intensive,13 requires specialized infrastructure and personnel.

Decisions to pursue IAT are clinician-dependent and rest upon a number of different factors.

In 2009 and in collaboration with UCLA, our group developed the Houston Intra-arterial

therapy (HIAT) score which estimates the chances of poor outcome after IAT.14 This score

was developed on the Houston database and validated on the UCLA database. The score is

entirely based on clinical variables (age, admission glucose and admission NIHSS). There

are, however, a number of imaging factors that may correlate with outcome after

fibrinolysis.

The Alberta Stroke Program Early CT Score (ASPECTS) has demonstrated utility in

selecting candidates for recanalization strategies using a simple noncontrast head CT

(NCCT).15 Patients with an ASPECTS ≤7 are unlikely to have a good outcome despite

treatment. While numerous studies suggest the utility of magnetic resonance imaging

(MRI),16-18 CT angiography (CTA)19-21 and CT perfusion22 findings in identifying patients

who have poor outcome after thrombolysis, CT is more readily available, more efficient,

requires the least technology, and remains easier to interpret as well as the only validated

screening tool for patients undergoing IAT.

We hypothesized that the HIAT score could be improved to better select patients for IAT by

inclusion of simple imaging variables such as ASPECTS and CBS (clot burden score). We

first combined imaging and clinical variables to optimize a score that would better predict

poor outcome after IAT for AIS. We then compared the performance of the new score

against previous predictive scoring systems that relied either on clinical or imaging variables

in patients undergoing IAT.
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Methods

Study population

This retrospective cohort utilized information from an ongoing, prospectively collected

stroke registry. The registry contains information on consecutive stroke patients presenting

to our tertiary stroke academic center at UT-Houston. We retrospectively reviewed AIS

patients from 01/03 to 05/11 who underwent IAT with a final diagnosis of a large vessel

anterior circulation occlusion (MCA or ICA). All subjects included in our sample underwent

clinical assessment and an acute NCCT followed by CTA of the head and neck. Exclusion

criteria were pre-morbid modified Rankin Scale (mRS) score >2, documented “early

recanalization” on CTA or transcranial doppler (TCD) prior to IAT (if the patient had

received IV t-PA), IAT >8 hours or participation in clinical trials that involve the testing of

other investigational therapies. (Fig 1) shows patient enrollment flow sheet.

Demographics, Variables and Measurements

Information on baseline demographics, vascular risk factors, admission blood glucose level

and NIHSS were obtained from our prospective stroke registry. Other clinical endpoints

obtained from the registry included symptomatic intracerebral hemorrhage (sICH), (defined

as a parenchymal hematoma Grade 223 associated with worsening neurological status

thought to be related to the hematoma), neurological deterioration (defined as at least 4-

point increase in NIHSS) and functional outcome on discharge as measured by mRS. Type

of IAT, duration of procedure, and time to recanalization were also collected from our

prospective IA database.

Imaging Analysis

The ASPECTS methodology is well described by Barber et al24 and is shown to have high

interobserver agreement. CBS is a scoring system to define the extent of thrombus found in

the proximal anterior circulation.25

NCCT head scans and CTA scans were independently reviewed by 2 staff neuroradiologists

(CS and JC) and one vascular neurologist (ABD) who were blinded to the patient's clinical

symptoms and outcomes except for the side of the lesion.”. There was good interobserver

agreement in the ASPECTS scored by our 3 readers (Kappa=0.739, 95% CI=0.604-0.835).

A consensus ASPECTS and CBS score of these readers was used.

For recanalization, we used the Thrombolysis in Cerebral Infarction (TICI) score.26

Recanalization (partial and complete) was defined as TICI 2b or higher.27 Conventional

angiograms were reviewed by a staff neuroradiologist (SL) who was blinded to the patient's

clinical symptoms and outcomes as well as their ASPECTS and CBS.

External Validation Cohort

To assess validity and generalizability, we used an external cohort that met the same

inclusion and exclusion criteria of our internal cohort: consecutive patients treated with IAT

at the Marcus Stroke and Neuroscience Center at Grady Memorial Hospital (MSNC)
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(Emory University: Atlanta, GA) between 10/01/2010 and 10/01/2012. Furthermore, we

evaluated HIAT2 performance in predicting poor outcomes at 90 days.

Human Protection

This study was approved by the University of Texas–Houston Health Science Center and

Emory University Institutional Review Boards.

Statistical Analysis

A logistic regression model, involving the UT Houston cohort, was used to test multiple

independent clinical and radiographic variables available prior to cerebral angiography. The

independent variables included age, NIHSS, glucose, HTN, DM, A.fib, ASPECTS and CBS

and the dependent variable was mRS:4-6 at discharge to determine if they were significant

independent predictors of poor outcome. Independent predictors of poor outcome (discharge

mRS:4-6) with p values ≤0.2 entered our final score as score variables and were evaluated at

different values and dichotomizations using sensitivity analysis and logistic regression to

identify cutoff points. Each continuous variable was evaluated using receiver operator

characteristics (ROC) curves. Spearman's correlation and ROC curves were used to evaluate

the final score. The points assigned to the variables were determined through the beta

coefficients from the final logistic regression model.

Results

We identified 163 AIS patients with LAO (MCA or ICA) who underwent IAT at UT

Houston as shown in Fig 1. Median age was 64, median NIHSS was 18, medians for

ASPECTS and CBS were (7 and 6 respectively), median blood glucose at presentation was

125 mg/dl. 75% of the patients received IV t-PA prior to IAT. sICH occurred in 2.5% of the

patients and recanalization rate was 78%. Three quarters of the patients had poor outcome at

discharge and overall in-hospital mortality was 18.4%. The cohort from MSNC consisted of

198 patients; Table 1 compares the baseline characteristics and clinical outcomes between

UT and MSNC patients.

Poor Clinical Outcome Predictors and Score Development

The results of the logistic regression analyses in UT Houston for all the variables are shown

in (Table 2). Age, NIHSS, glucose level at presentation and ASPECTS were identified as

independent predictors of poor outcome and entered into the final score. The HIAT2 score

(Table 3) ranges 0-10: age (≤59=0, 60-79=2, ≥80 years=4), glucose (<150=0, ≥150 mg/

dl=1), NIHSS (≤10=0, 11-20=1, ≥21=2) and ASPECTS (8-10=0, ≤7=3).

Applying HIAT2 Score to Explore Clinical Outcomes

More than 80% of patients with HIAT2 score ≥5 had poor outcome and virtually all patients

with a score >7 had poor outcome in UT dataset. Patients with HIAT2 score ≥5 were more

likely to have poor outcome at discharge (OR:6.43, 95%CI 2.75-15.02,p<0.001) than

patients with HIAT2 score <5. Even after adjustment for reperfusion and time from

symptom onset to recanalization, the score was a significant independent predictor of poor

outcome (OR:5.88, 95%CI 1.96-17.64,p=0.02).
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External Validation at discharge and 90 day clinical outcomes

In the MSNC dataset, patients with HIAT 2 score ≥5 had 6 times greater odds of poor

outcome at discharge (OR:6.22,95%CI 2.95-13.11,p<0.0001) than patients with score <5.

Most importantly, a HIAT2 score ≥ 5 had a higher likelihood of mRS 4-6 at 90 days (OR:

5.66,95%CI 3.06-10.47,p<0.0001) as more than 60% patients in the HIAT2 (5-7) score

category had poor 90 day outcome and almost 80% with a score of 8-10 ended up with

mRS:4-6 at 3 months, Figure 2 compares the proportion of patients with poor outcome in the

UT (discharge) and Emory patient populations (discharge and 90 days). Moreover, HIAT2

maintained its ability to predict poor outcome at 90 days after adjustment for recanalization,

time from symptom onset to reperfusion and the use of general anesthesia (OR:5.12,95%CI

2.67-9.81,p<0.0001). Furthermore, HIAT2 ≥5 predicted poor outcome after adjustment for

the use of stent retrievers (OR:4.96,95%CI 2.58-9.56,p<0.0001).

Comparing HIAT2 Performance to Previous Predictive Scores

The HIAT2 score was compared to previously developed predictive scores (HIAT, THRIVE

and ASPECTS; both continuous and dichotomized) in the UT cohort. Given that ASPECTS

was created to predict good rather than poor outcomes, we also compared HIAT2 to the

inverted ASPECTS. HIAT2 had a greater area under the curve (AUC=0.748) compared with

THRIVE (0.695), HIAT (0.679), ASPECTS continuous and dichotomized (0.667 and 0.585

respectively). HIAT2 outperformed all other scores when compared on Emory's 90 days

poor outcomes (Figure 3B).

Examining The Importance of Adding Imaging Findings to HIAT2

To examine further the potential clinical and statistical value of adding ASPECTS to the

HIAT2 scoring system, we removed ASPECTS from HIAT2 and created a modified 0-7

scoring system. While the modified score continued to be a significant predictor of poor

outcome, removing ASPECTS underestimated the patients odds of having poor clinical

outcomes (2.79, 95% CI:1.34-5.82,P=0.0061) and resulted in smaller AUCs, AUC=0.6139).

This result was confirmed on the Emory cohort as well, further supporting the importance of

adding the ASPECTS score to optimize HIAT2. This analysis then led us to add ASPECTS

to the original HIAT score and to compare with HIAT2. Therefore, we added ASPECTS (a

poor ASPECTS≤7) to the original HIAT and created a 0-4 points score that we compared to

HIAT. Adding ASPECTS to HIAT resulted in a score that better estimates poor outcome

than the original HIAT score, with higher ORs, narrower CIs (6.17, 95% CI:

2.42-15.71,P=0.0001), and larger AUCs (0.6802), further proving the value of adding

ASPECTS to the clinical scoring system. However, HIAT-2 remained superior to this

modified HIAT (AUC for HIAT2 0.7032 vs. modified HIAT 0.6802).

Testing HIAT2 Performance in The Context of Reperfusion Status

To further evaluate the utility of HIAT2 in patient selection for IAT, we studied poor

clinical outcomes in patients with and without reperfusion, stratified by HIAT2 scores.

Patients with a HIAT2 score ≥5 had significantly higher odds of poor outcome even if

reperfusion (TICI >2b) had been achieved (OR:5.49,CI:1.69-17.83, p=0.0046). Furthermore,

patients who did not reperfuse (TICI <2b) showed an association for even worse odds for
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poor outcome although only approaching statistical significance (OR:8,CI:0.69-92.7-17.83,

p=0.09).

Evaluating Patients Clinical Outcomes Irrespective to Their Age: “Ageless HIAT2”

Some physicians may not want to use age in their decision to pursue IAT since there is

supportive literature of on the safety of IAT in patient older than 8028. Since age weighs

heavily in the scoring of HIAT2, we removed the age component from HIAT2 and created

the “ageless HIAT2.” We examined the ability of “ageless HIAT2,” a 6 point score (NIHSS:

0-2, ASPECTS: 0-3 and Glucose level: 0-1) to predict poor clinical outcomes in both

datasets (UT Houston and Emory's discharge and 90 days). We found that a score of ≥3 had

6.85 greater odds of poor outcome (95% CI: 2.21-21.2, P=0.0008 and AUC=0.693) at

discharge and 3.79 greater odds of poor outcome (95% CI: 1.14-12.6, P=0.0294 and

AUC=0.648) at 90 days. Nearly all (96.9%) patients in the 3-6 category had poor outcome at

discharge in the UT dataset; these results were consistent in the Emory dataset as 80.8%

with score ≥ 3 had an mRS 4-6 at discharge and 68 % of patients with scores ≥ 3 had an

mRS 4-6 at 90 days (figure 2C).

Discussion

Previous trials reported favorable clinical outcomes in stroke patients treated with

IAT9,29-30. However, recent randomized trials have failed to show benefit of adjunctive

endovascular therapy in patients given intravenous t-PA in comparison with IV thrombolysis

alone; nor is endovascular therapy superior to IV thrombolysis when implemented within

4.5 hrs of symptom onset 10-11-12. These studies suggest that better selection of patients may

be needed to understand who might have a poor outcome after IAT. In an effort to improve

the selection of patients eligible for IAT, we studied different clinical variables that are

known to affect patient outcomes and incorporated radiographic variables associated with

response to therapy in patients undergoing IAT at our center. Our novel scoring system may

help physicians decide whether to pursue endovascular recanalization. The HIAT 2 scoring

system that we derived is a combined score incorporating age, admission glucose level,

admission NIHSS, and radiographic (ischemic changes on CT) variables.

All components of the HIAT2 score have been supported in the literature as factors

associated with outcome in patients with AIS. While patients of advanced age benefit from

IV or IA thrombolytic therapy,31-32 they tend to have lower recovery rates, higher

incidences of complications and worse outcomes in general. Poor outcomes in “older

people” may be explained by multiple co-morbidities, reduced physiological recovery

reserve,33 diminished collateral circulation34 and reduced neural plasticity.35 Admission

hyperglycemia is widely reported as a poor prognostic factor in acute brain ischemia.36-37

Baseline NIHSS is the most powerful predictor of long term outcome in patients with

AIS 14,36,38, and patients with the most severe neurologic deficits at admission are more

likely to have futile recanalization with IAT.39 Multimodal imaging methods are widely

used to identify salvageable tissue in AIS patients and ASPECTS has been a useful tool in

selecting patients that may benefit from both IV40 and IA12 thrombolytic treatment.

Sarraj et al. Page 7

Stroke. Author manuscript; available in PMC 2014 December 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Patients with HIAT2 ≥5 were less likely to have a good outcome despite efforts to recanalize

and reperfuse their ischemic bed. While our results are in agreement with previous studies

that reported the association between better clinical outcomes with higher recanalization

rates,41-42 patients with HIAT2 ≥5 still had poor outcome despite successful reperfusion.

While other studies have chosen to examine patients who may respond favorably after

IAT,43-44 we sought to devise a score that would predict poor outcome in spite of

recanalization and thus improve our patient selection for IAT by excluding patients who will

do poorly, even after a radiographically successful intervention. Furthermore, good clinical

outcome also can depend heavily on multiple factors in the angio-suite after the decision to

intervene and many of these factors are difficult to account for or predict in advance, such as

whether the procedure itself was successful or not, the length of the procedure,45-46 the

status of the patients' collaterals and blood pressure during the intervention.

HIAT2 was originally designed with hospital discharge as the primary outcome. Some

patients with poor outcome on discharge can have significant improvement in dependency

after the acute phase of stroke. However, we validated our results on long-term outcome on

an external dataset from another stroke center with the same robustness.

HIAT2 combines both clinical and radiographic independent predictors in one score that

uses easily retrievable variables and provides a quick assessment of the likelihood for a poor

outcome if IAT is pursued, in contrast to more time consuming approaches such as MRI

diffusion-perfusion mismatch. The HIAT2 score could provide a reliable tool in selecting

patients for IAT given its superior performance when compared to all currently developed

clinical (HIAT and THRIVE) as well as radiographic scores (ASPECTS). Few patients with

HIAT2 scores of 5-7 may benefit from IAT. HIAT2 is the only method that combines both

clinical and radiographic elements in one unified system that may help physicians in their

decisions to pursue IAT by potentially excluding patients from treatment (possibly with

scores above 5 and even more likely above 8)

Our study has several limitations. It is retrospectively designed and warrants a prospective

validation. It extends over 8 years during which notable changes and progressions were

made in the field of interventional vascular neurology with the introduction of both Multi

mechanical Embolus Removal in Cerebral Ischemia (MERCI) retriever7 and the Penumbra

system.47 Moreover, with the growing data reporting the effectiveness, rapidity, higher

recanalization rates and favorable outcomes of the newer devices,48-49 it is also possible that

the development of newer generation devices may improve the recanalization time and

could provide benefit for more patients, and while HIAT2 maintained its predictive ability

after adjustment for the usage of stent retrievers, further validation of the score in trials that

use stent retrievers is warranted. Our cohort of patients at UT were routinely mechanically

ventilated for IAT, which might alter their outcomes negatively50, we however adjusted for

this variable on Emory's dataset with no change in the results. Our analysis concentrated on

NCCT and CTA changes as the main imaging variables; we did not study MRI perfusion-

diffusion mismatch or CT-Perfusion data in our analysis. A comparison of simple versus

more advanced imaging methods against HIAT2 in predicting patients' outcomes will be

important in future studies. Furthermore, as ASPECTS plays a key role in HIAT2, it is
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important to point out that ASPECTS scoring can be challenging in “real time” in the

emergency department and requires training and experience; however, the score does have

good interobserver agreement 24 as well as low variation between ASPECTS performed in

“real time” and “core lab/experts” scores 51.

Conclusion

In an era where IAT is becoming a more utilized treatment for AIS, and in a field that lacks

solid evidence showing superiority of IAT over the only proven standard of care (IV t-PA),

HIAT2 may present a useful tool in deciding whether to pursue endovascular intervention

for LAO. Based on the data from this study, we are designing a prospective trial to identify

variables that predict long-term outcome in patients receiving IA therapy for AIS to further

investigate predictors of poor outcomes in these patients.

Acknowledgments

Sources of Funding: This study was funded by NIH 5 T32 NS007412-12, P50 NS 044227, Clinical and
Translational Award UL1 RR024148 [TL1 RR024147 for the T32 program and KL2 RR0224149 for the K12
program of the National Center for Research Resources. The project was also supported by Award Numbers 5 T32
HS013852-10 from the AHRQ, 3 P60 MD000502-08S1 from The National Institute on Minority Health and Health
Disparities (NIMHD), NIH and 13PRE13830003 from the American Heart Association.

References Section

1. The National Institute of Neurological Disorders and Stroke rt-PA Stroke Study Group. Tissue
plasminogen activator for acute ischemic stroke. N Engl J Med. 1995; 333:1581–87. [PubMed:
7477192]

2. Wahlgren N, Ahmed N, Dávalos A, Ford GA, Grond M, Hacke W, et al. SITS-MOST investigators.
Thrombolysis with alteplase for acute ischaemic stroke in the Safe Implementation of Thrombolysis
in Stroke-Monitoring Study (SITS-MOST): an observational study. Lancet. 2007; 369:275–82.
[PubMed: 17258667]

3. Saqqur M, Uchino K, Demchuk AM, Molina CA, Garami Z, Calleja S, et al. CLOTBUST
Investigators. Site of arterial occlusion identified by transcranial Doppler predicts the response to
intravenous thrombolysis for stroke. Stroke. 2007; 38:948–954. [PubMed: 17290031]

4. del Zoppo GJ, Poeck K, Pessin MS, Wolpert SM, Furlan AJ, Ferbert A, et al. Recombinant tissue
plasminogen activator in acute thrombotic and embolic stroke. Ann Neurol. 1992; 32:78–86.
[PubMed: 1642475]

5. del Zoppo GJ, Ferbert A, Otis S, Brückmann H, Hacke W, Zyroff J. Local intra-arterial fibrinolytic
therapy in acute carotid territory stroke: a pilot study. Stroke. 1988; 19:307–313. [PubMed:
3354013]

6. Hacke W, Zeumer H, Ferbert A, Brückmann H, del Zoppo GJ. Intra-arterial thrombolytic therapy
improves outcome in patients with acute vertebrobasilar occlusive disease. Stroke. 1988; 19:1216–
1222. [PubMed: 3176080]

7. Smith WS, Sung G, Starkman S, Saver JL, Kidwell CS, Gobin YP, et al. Safety and efficacy of
mechanical embolectomy in acute ischemic stroke: results of the MERCI trial. Stroke. 2005;
36:1432–1438. [PubMed: 15961709]

8. Shaltoni HM, Albright KC, Gonzales NR, Weir RU, Khaja AM, Sugg RM, et al. Is Intra-Arterial
Thrombolysis Safe After Full-Dose Intravenous Recombinant Tissue Plasminogen Activator for
Acute Ischemic Stroke? Stroke. 2007; 38:80–84. [PubMed: 17122433]

9. Furlan A, Higashida R, Wechsler L, Gent M, Rowley H, Kase C, et al. Intra-arterial prourokinase
for acute ischemic stroke. The PROACT II study: a randomized controlled trial. Prolyse in Acute
Cerebral Thromboembolism. JAMA. 1999; 282:2003–11. [PubMed: 10591382]

Sarraj et al. Page 9

Stroke. Author manuscript; available in PMC 2014 December 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



10. Broderick JP, Palesch YY, Demchuk AM, Yeatts SD, Khatri P, Hill MD, et al. for the
Interventional Management of Stroke (IMS) III Investigators. Endovascular therapy after
intravenous t-PA vs t-PA alone for stroke. N Engl J Med. 2013; 368:893–903. [PubMed:
23390923]

11. Kidwell CS, Jahan R, Gornbein J, Alger JR, Nenov V, Ajani Z, et al. for the MR RESCUE
Investigators. A trial of imaging selection and endovascular treatment for ischemic stroke. N Engl
J Med. 2013; 368:914–23. [PubMed: 23394476]

12. Ciccone A, Valvassori L, Nichelatti M, Sgoifo A, Ponzio M, Sterzi R, et al. SYNTHESIS
Expansion Investigators. Endovascular treatment for acute ischemic stroke. N Engl J Med. 2013;
368:904–13. [PubMed: 23387822]

13. Patil CG, Long EF, Lansberg MG. Cost-effectiveness analysis of mechanical thrombectomy in
acute ischemic stroke. J Neurosurg. 2009; 110:508–13. [PubMed: 19025358]

14. Hallevi H, Barreto AD, Liebeskind DS, Morales MM, Martin-Schild SB, Abraham AT, et al.
Identifying Patients at High Risk for Poor Outcome After Intra-Arterial Therapy for Acute
Ischemic Stroke. Stroke. 2009; 40:1780–1785. [PubMed: 19359652]

15. Hill MD, Rowley HA, Adler F, Eliasziw M, Furlan A, Higashida RT, et al. Selection of acute
ischemic stroke patients for intra-arterial thrombolysis with pro-urokinase by using ASPECTS.
Stroke. 2003; 34:1925–1931. [PubMed: 12843342]

16. Albers GW, Thijs VN, Wechsler L, Kemp S, Schlaug G, Skalabrin E, et al. Magnetic resonance
imaging profiles predict clinical response to early reperfusion: the diffusion and perfusion imaging
evaluation for understanding stroke evolution (DEFUSE) study. Ann Neurol. 2006; 60:508–517.
[PubMed: 17066483]

17. Lansberg MG, Straka M, Kemp S, Mlynash M, Wechsler LR, Jovin TG, et al. MRI profile and
response to endovascular reperfusion after stroke (DEFUSE 2): a prospective cohort study. Lancet
Neurol. 2012; 11:860–7. [PubMed: 22954705]

18. Davis SM, Donnan GA, Parsons MW, Levi C, Butcher KS, Peeters A, et al. Effects of alteplase
beyond 3 h after stroke in the Echoplanar Imaging Thrombolytic Evaluation Trial (EPITHET):a
placebo-controlled randomised trial. Lancet Neurol. 2008; 7:299–309. [PubMed: 18296121]

19. Bozzao L, Fantozzi LM, Bastianello S, Bozzao A, Fieschi C. Early collateral blood supply and late
parenchymal brain damage in patients with middle cerebral artery occlusion. Stroke. 1989;
20:735–40. [PubMed: 2728038]

20. Puetz V, Dzialowski I, Hill MD, Steffenhagen N, Coutts SB, O'Reilly C, et al. for the Calgary
CTA Study Group. Malignant Profile Detected by CT Angiographic Information Predicts Poor
Prognosis despite Thrombolysis within Three Hours from Symptom Onset. Cerebrovasc Dis.
2010; 29:584–91. [PubMed: 20389067]

21. Tan IYL, Demchuk AM, Hopyan J, Zhang L, Gladstone D, Wong K, et al. CT Angiography Clot
Burden Score and Collateral Score: Correlation with Clinical and Radiologic Outcomes in Acute
Middle Cerebral Artery Infarct. Am J Neuroradiol. 2009; 30:525–31. [PubMed: 19147716]

22. Silvennoinen HM, Hamberg LM, Lindsberg PJ, Valanne L, Hunter GJ. CT Perfusion Identifies
Increased Salvage of Tissue in Patients Receiving Intravenous Recombinant Tissue Plasminogen
Activator within 3 Hours of Stroke Onset. Am J Neuroradiol. 2008; 29:1118–23. [PubMed:
18403559]

23. Hacke W, Kaste M, Fieschi C, von Kummer R, Davalos A, Meier D, et al. Randomised double-
blind placebo-controlled trial of thrombolytic therapy with intravenous alteplase in acute
ischaemic stroke (ECASS II). Second European-Australasian Acute Stroke Study Investigators.
Lancet. 1998; 352:1245–51. [PubMed: 9788453]

24. Barber PA, Demchuk AM, Zhang J, Buchan AM. Validity and reliability of a quantitative
computed tomography score in predicting outcome of hyperacute stroke before thrombolytic
therapy. ASPECTS Study Group. Alberta Stroke Programme Early CT Score. Lancet. 2000;
355:1670–4. [PubMed: 10905241]

25. Puetz V, Dzialowski I, Hill MD, Subramaniam S, Sylaja PN, Krol A, et al. Calgary CTA Study
Group. Intracranial thrombus extent predicts clinical outcome, final infarct size and hemorrhagic
transformation in ischemic stroke: the clot burden score. Int J Stroke. 2008; 3:230–6. [PubMed:
18811738]

Sarraj et al. Page 10

Stroke. Author manuscript; available in PMC 2014 December 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



26. Higashida RT, Furlan AJ, Roberts H, Tomsick T, Connors B, Barr J, et al. Trial Design and
Reporting Standards for Intra-Arterial Cerebral Thrombolysis for Acute Ischemic Stroke. Stroke.
2003; 34:e109–e137. [PubMed: 12869717]

27. Kulcsár Z, Bonvin C, Pereira VM, Altrichter S, Yilmaz H, Lövblad KO, et al. Penumbra system: a
novel mechanical thrombectomy device for large-vessel occlusions in acute stroke. AJNR Am J
Neuroradiol. 2010; 31:628–33. [PubMed: 20019113]

28. Willey JZ, Ortega-Gutierrez S, Petersen N, Khatri P, Ford AL, Rost NS, et al. Impact of acute
ischemic stroke treatment in patients >80 years of age: the specialized program of translational
research in acute stroke (SPOTRIAS) consortium experience. Stroke. 2012; 43:2369–75.
[PubMed: 22798327]

29. Ogawa A, Mori E, Minematsu K, Taki W, Takahashi A, Nemoto S, et al. MELT Japan Study
Group. Randomized trial of intraarterial infusion of urokinase within 6 hours of middle cerebral
artery stroke: the middle cerebral artery embolism local fibrinolytic intervention trial (MELT)
Japan. Stroke. 2007; 38:2633–9. [PubMed: 17702958]

30. Lee M, Hong KS, Saver JL. Efficacy of intra-arterial fibrinolysis for acute ischemic stroke: meta-
analysis of randomized controlled trials. Stroke. 2010; 41:932–7. [PubMed: 20360549]

31. Qureshi AI, Suri MF, Georgiadis AL, Vazquez G, Janjua NA. Intra-arterial recanalization
techniques for patients 80 years or older with acute ischemic stroke: pooled analysis from 4
prospective studies. Am J Neuroradiol. 2009; 30:1184–1189. [PubMed: 19342542]

32. Kim D, Ford GA, Kidwell CS, Starkman S, Vinuela F, Duckwiler GR, et al. UCLA Intra-Arterial
Thrombolysis Investigators. Intra-arterial thrombolysis for acute stroke in patients 80 and older: a
comparison of results in patients younger than 80 years. Am J Neuroradiol. 2007; 28:159–163.
[PubMed: 17213448]

33. Marik PE. Management of the critically ill geriatric patient. Crit Care Med. 2006; 34:S176–S182.
[PubMed: 16917421]

34. Kurotobi T, Sato H, Kinjo K, Nakatani D, Mizuno H, Shimizu M, et al. Reduced collateral
circulation to the infarct-related artery in elderly patients with acute myocardial infarction. J Am
Coll Cardiol. 2004; 44:28–34. [PubMed: 15234401]

35. Burke SN, Barnes CA. Neural plasticity in the ageing brain. Nat Rev Neurosci. 2006; 7:30–40.
[PubMed: 16371948]

36. Alvarez-Sabín J, Molina CA, Montaner J, Arenillas JF, Huertas R, Ribo M, et al. Effects of
admission hyperglycemia on stroke outcome in reperfused tissue plasminogen activator—treated
patients. Stroke. 2003; 34:1235–1241. [PubMed: 12677014]

37. Flint AC, Cullen SP, Faigeles BS, Rao VA. Predicting longterm outcome after endovascular stroke
treatment: the totaled health risks in vascular events score. Am J Neuroradial. 2010; 31:1192–
1196.

38. Leigh R, Zaidat OO, Suri MF, Lynch G, Sundararajan S, Sunshine JL, et al. Predictors of
hyperacute clinical worsening in ischemic stroke patients receiving thrombolytic therapy. Stroke.
2004; 35:1903–1907. [PubMed: 15178819]

39. Arnold M, Schroth G, Nedeltchev K, Loher T, Remonda L, Stepper F, et al. Intra-arterial
thrombolysis in 100 patients with acute stroke due to middle cerebral artery occlusion. Stroke.
2002; 33:1828–1833. [PubMed: 12105361]

40. Hussein HM, Georgiadis AL, Vazquez G, Miley JT, Memon MZ, Mohammad YM, et al.
Occurrence and predictors of futile recanalization following endovascular treatment among
patients with acute ischemic stroke: a multicenter study. Am J Neuroradiol. 2010; 31:454–458.
[PubMed: 20075087]

41. Mattle HP, Arnold M, Georgiadis D, Baumann C, Nedeltchev K, Benninger D, et al. Comparison
of intraarterial and intravenous thrombolysis for ischemic stroke with hyperdense middle cerebral
artery sign. Stroke. 2008; 39:379–83. [PubMed: 18096842]

42. Yoon W, Park MS, Cho KH. Low-dose intra-arterial urokinase and aggressive mechanical clot
disruption for acute ischemic stroke after failure of intravenous thrombolysis. Am J Neuroradiol.
2010; 31:161–164. [PubMed: 19713319]

43. Rha JH, Saver JL. The impact of recanalization on ischemic stroke outcome: a meta-analysis.
Stroke. 2007; 38:967–973. [PubMed: 17272772]

Sarraj et al. Page 11

Stroke. Author manuscript; available in PMC 2014 December 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



44. Yoo AJ, Chaudhry ZA, Nogueira RG, Lev MH, Schaefer PW, Schwamm LH, et al. Infarct volume
is a pivotal biomarker after intra-arterial stroke therapy. Stroke. 2012; 43:1323–30. [PubMed:
22426317]

45. Nogueira RG, Smith WS, Sung G, Duckwiler G, Walker G, Roberts R, et al. MERCI and Multi
MERCI Writing Committee. Effect of time to reperfusion on clinical outcome of anterior
circulation strokes treated with thrombectomy: pooled analysis of the MERCI and Multi MERCI
trials. Stroke. 2011; 42:3144–9. [PubMed: 21921278]

46. Khatri P, Abruzzo T, Yeatts SD, Nichols C, Broderick JP, Tomsick TA, et al. IMS I and II
Investigators. Good clinical outcome after ischemic stroke with successful revascularization is
time-dependent. Neurology. 2009; 73:1066–72. [PubMed: 19786699]

47. Penumbra Pivotal Stroke Trial Investigators. The penumbra pivotal stroke trial: safety and
effectiveness of a new generation of mechanical devices for clot removal in intracranial large
vessel occlusive disease. Stroke. 2009; 40:2761–2768. [PubMed: 19590057]

48. Saver JL, Jahan R, Levy E, Jovin Tudor G, Baxter Blaise, Nogueira Raul, et al. Solitaire flow
restoration device versus the Merci Retriever in patients with acute ischaemic stroke (SWIFT): a
randomised, parallel-group, non-inferiority trial. Lancet. 2012; 380:1241–9. [PubMed: 22932715]

49. Nogueira RG, Lutsep HL, Gupta R, Jovin TG, Albers GW, Walker GA, et al. Trevo versus Merci
retrievers for thrombectomy revascularisation of large vessel occlusions in acute ischaemic stroke
(TREVO 2): a randomised trial. Lancet. 2012; 380:1231–40. [PubMed: 22932714]

50. Abou-Chebl A, Lin R, Hussain MS, Jovin TG, Levy EI, Liebeskind DS, et al. Conscious sedation
versus general anesthesia during endovascular therapy for acute anterior circulation stroke:
preliminary results from a retrospective, multicenter study. Stroke. 2010; 41:1175–9. [PubMed:
20395617]

51. Coutts SB, Demchuk AM, Barber PA, Hu WY, Simon JE, Buchan AM, et al. Interobserver
variation of ASPECTS in real time. Stroke. 2004; 35:e103–5. [PubMed: 15073381]

Sarraj et al. Page 12

Stroke. Author manuscript; available in PMC 2014 December 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Figure 1. Patient enrollment flow sheet and exclusion criteria
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Figure 2.
2(A,B and C): Comparison of the proportion of patients with poor outcome in UT

(discharge) and Emory (discharge and 90 days).
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Figure 3.
3(A,B): Receiver Operating Characteristics curves comparing the performance of HIAT2

score against other predicting scores in the UT and Emory's datasets, ASPECTS:Alberta

Stroke Program Early CT Score;THRIVE:Totaled Health Risks in Vascular Events

score;HIAT:Houston Intra-Arterial Therapy score;ROC: Receiver Operating

Characteristics;AUC:Area Under the Curve.
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Table 1

Baseline Characteristics and Clinical Outcomes in UT and Emory data sets.

Emory(N=198) UT (N=163) P value

Age, median (range) 65 (32-94) 66 (15-91) 0.9

Gender, % male 52 55 0.2

Smoker % 17 19 0.5

Hypertension % 72 68 0.9

Diabetes Mellitus % 28 26 0.3

Hyperlipidemia % 23 22 0.5

Atrial fibrillation % 30 28 0.9

NIHSS admission, median 19 18 0.1

ASPECTS 8 (4-10) 8 (0-10) 0.2

Glucose, median (range) 127 (68-472) 125 (75-381) 0.7

IV t-PA % 56 77 0.02

D/C mRS, median (range) 4 (1-6) 4 (0-6) 0.02

mRS 4-6, % 59 72 0.001

Death % 22 18 0.9

*
P – values for comparison of build and test groups, NIHSS: National Institute Health Stroke Scale, IV: Intravenous, t-PA: Tissue Plasminogen

Activator, ASPECTS: Alberta Stroke Program Early CT Score, CBS: Clot Burden Score, D/C mRS: Discharge Modified Rankin Scale
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Table 2
Results of the analyses performed in the score-building process derived from the UT
Houston dataset for all tested variables

Variable Univariate analysis p-value Multivariate analysis p-value Beta from the Multivariable Model Score given

Age * 0.200

 ≤59 Reference reference 0

 60-79 0.4962 0.3192 2

 ≥80 0.0230 1.0620 4

Glucose* 0.146

 <150 Reference reference 0

 ≥150 0.1576 0.8577 1

NIHSS* 0.059

 ≤10 Reference reference 0

 11-20 0.1797 0.8237 1

 ≥21 0.0340 1.6825 2

ASPECTS* 0.053

 8-10 Reference reference 0

 ≤7 0.2798 0.6270 3

CBS** 0.387

DM** 0.499

HTN** 0.525

A fib** 0.988

*
Variables that met the ≤0.2 cut point for the p-value in the Univariate analysis and entered the final score

**
Variables that did not meet met the ≤0.2 cut point for the p-value in the Univariate analysis

ASPECTS: Alberta Stroke Program Early CT Score, NIHSS: National Institute Health Stroke Scale, CBS: Clot Burden Score, DM: Diabetes
Mellitus, HTN: Hypertension, A fib: Atrial fibrillation
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Table 3
The Houston Intra-Arterial Therapy 2 “HIAT2” score

Variable Categories Score

Age (years)
≤ 59 0

60 - 79 2

≥ 80 4

NIHSS score
≤ 10 0

11 - 20 1

≥ 21 2

Glucose (mg/dl)
< 150 0

≥ 150 1

ASPECTS
8 – 10 0

≤ 7 3

Total Possible Points 10
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