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Percentage Insula Ribbon Infarction of >50% Identifies
Patients Likely to Have Poor Clinical Outcome Despite Small

DWI Infarct Volume
V.M. Timpone, M.H. Lev, S. Kamalian, L.T. Morais, A.M. Franceschi, L. Souza, and P.W. Schaefer

ABSTRACT

BACKGROUND AND PURPOSE: Large admission DWI infarct volume (�70 mL) is an established marker for poor clinical outcome in acute
stroke. Outcome is more variable in patients with small infarcts (�70 mL). Percentage insula ribbon infarct correlates with infarct growth.
We hypothesized that percentage insula ribbon infarct can help identify patients with stroke likely to have poor clinical outcome, despite
small admission DWI lesion volumes.

MATERIALS AND METHODS: We analyzed the admission NCCT, CTP, and DWI scans of 55 patients with proximal anterior circulation
occlusions on CTA. Percentage insula ribbon infarct (�50%, �50%) on DWI, NCCT, CT-CBF, and CT-MTT were recorded. DWI infarct
volume, percentage DWI motor strip infarct, NCCT-ASPECTS, and CTA collateral score were also recorded. Statistical analyses were
performed to determine accuracy in predicting poor outcome (mRS �2 at 90 days).

RESULTS: Admission DWI of �70 mL and DWI–percentage insula ribbon infarct of �50% were among significant univariate imaging
markers of poor outcome (P � .001). In the multivariate analysis, DWI–percentage insula ribbon infarct of �50% (P � .045) and NIHSS score
(P � .001) were the only independent predictors of poor outcome. In the subgroup with admission DWI infarct of �70 mL (n � 40), 90-day
mRS was significantly worse in those with DWI–percentage insula ribbon infarct of �50% (n � 9, median mRS � 5, interquartile range �

2–5) compared with those with DWI–percentage insula ribbon infarct of �50% (n � 31, median mRS � 2, interquartile range � 0.25– 4, P �

.036). In patients with admission DWI infarct of �70 mL, DWI–percentage insula ribbon infarct did not have added predictive value for
poor outcome (P � .931).

CONCLUSIONS: DWI–percentage insula ribbon infarct of �50% independently predicts poor clinical outcome and can help identify
patients with stroke likely to have poor outcome despite small admission DWI lesion volumes.

ABBREVIATIONS: IQR � interquartile range; PIRI � percentage insula ribbon infarct

Multimodality imaging is gaining importance as a prognostic

tool in the setting of acute stroke; however, finding a reli-

able and practical imaging marker that can provide additional

prognostic information over the National Institutes of Health

Stroke Scale alone has been challenging. Current imaging markers

that have been shown to be predictive of clinical outcome in acute

stroke with proximal anterior circulation occlusions include DWI

infarct volume, Alberta Stroke Program Early CT Score, and “ma-

lignant” CTA collateral profile.1

Large admission DWI infarct volume (�70 mL) is one of the

more established imaging markers for poor clinical outcome in

acute stroke.2,3 DWI lesion volume has been shown to influence

response to both intravenous and intra-arterial treatment; specif-

ically, a large pretreatment DWI lesion is recognized as a clin-

ically useful marker for poor treatment response.3,4 Clinical

outcome is more variable in patients with small infarcts (�70

mL).3 An imaging marker that can more reliably predict clin-

ical outcome in patients with small DWI infarcts has not been

established, to our knowledge. Such a marker could be a useful

tool for risk-benefit stratification and patient selection for rep-

erfusion therapy.

One potential imaging marker that could help improve pre-

diction of clinical outcome in small infarcts is percentage insular

ribbon infarction (PIRI). Prior studies have suggested that prox-
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imal MCA infarcts that involve the insula are associated with in-

farct growth and unfavorable clinical outcome.5-7 This associa-

tion is understandable from knowledge of the vascular supply of

the insula, which comprises almost exclusively superior and infe-

rior division M2 branches. An infarct from a proximal MCA oc-

clusion that spares the insula may be indicative of good MCA

collateral flow, whereas an infarct from a proximal MCA occlu-

sion with insula involvement may be a sign of insufficient MCA

collateral flow. Furthermore, the insula is recognized as a func-

tional integration center for autonomic responses, and alterations

in blood glucose, blood pressure, myocardial contractility, and

body temperature may also contribute to adverse outcome in ce-

rebral ischemia.5,8

The purpose of our study was to determine whether

percentage insular ribbon infarct can help identify patients

with stroke with proximal vessel occlusions likely to have

poor clinical outcome, despite small admission DWI lesion

volumes.

MATERIALS AND METHODS
Patient Selection
We retrospectively identified 200 consecutive patients with acute

ischemic stroke admitted during a 2-year period. This study was

Health Insurance Portability and Accountability Act compliant

and was approved by our institutional review board. All patients

underwent the standard acute stroke imaging algorithm at our

institution. We reviewed the clinical and imaging data of this

study cohort. Fifty-five patients met the following inclusion cri-

teria: 1) imaging within 9 hours of symptom onset including

NCCT, head and neck CTA, CTP with 8-cm shuttle mode ante-

rior circulation coverage, and MR imaging–DWI within 3 hours

of CTP; 2) large-vessel occlusion (ICA terminus and/or proximal

MCA [M1 or M2], as per the Boston Acute Stroke Imaging

Scale9); and 3) modified Rankin Scale score recorded at admission

and 3 months after admission. Of the patients excluded, 52 had no

proximal occlusion, 41 did not have admission DWI, 21 had a

CTP-DWI interval of �3 hours, 13 had posterior circulation

strokes, 10 had uninterpretable images, 6 did not have recorded

admission and/or 3-month mRS, and 2 had inappropriate loca-

tion of the CTP acquisition.

Image Acquisition
All imaging was performed in accordance with the standard insti-

tutional acute stroke imaging algorithm. CT was performed by

using a helical scanner (LightSpeed 64; GE Healthcare, Milwau-

kee, Wisconsin). Noncontrast head CT was acquired in a helical

mode (1.25-mm thickness, 120 kV, 250 mAs) and was reformat-

ted at 5-mm intervals. CTA was performed after administration of

80 –90 mL of nonionic contrast (iopamidol, Isovue Multipack-

370; Bracco Diagnostics, Princeton, New Jersey) followed by 40

mL of saline, both at 4 mL/s (1.25-mm thickness, 120 kV, auto

mA, 0.5– 0.7 s/rotation). CTP used 35 mL of nonionic contrast

(Isovue Multipack-370; Bracco Diagnostics) at 7 mL/s followed

by 40 mL of saline at 4 mL/s (acquisition time, 90 seconds; 80 kV;

500 mAs maximum), providing sixteen 5-mm thick sections

(8-cm coverage) through the anterior circulation. All CTP images

were postprocessed with CTP 4D automated software (GE

Healthcare). The average total estimated effective radiation dose

from the entire CT/CTA/CTP acquisition was approximately 11

mSv.

MR imaging was performed by using a 1.5T Signa scanner

(GE Healthcare). Our stroke protocol included a single-shot

echo-planar spin-echo DWI sequence with two 180-degree

radiofrequency pulses to minimize eddy current warping.

Three images per section were acquired at b�0 s/mm2, fol-

lowed by 25 at b�1000 s/mm2, for 28 images per section.

Twenty-three to 27 sections covered the entire brain. Imaging

parameters were TR/TE, 5000/80 –110 ms; FOV, 22 cm; ma-

trix, 128 � 128 zero-filled to 256 � 256; 5-mm section thick-

ness with a 1-mm gap.

Image Analysis
We analyzed, by visual inspection, the following imaging markers

on the admission scans of the 55 study patients: 1) percentage

insula ribbon infarct (�50%, �50%) on NCCT, DWI, CT-CBF,

and CT-MTT; 2) percentage DWI motor strip infarct (less than

one-third, one-third to two-thirds, more than two-thirds); and 3)

CTA collateral score (0 � absent collaterals in �50% of an M2

territory, 1 � diminished collaterals in �50% of an M2 territory,

2 � diminished collaterals in �50% of an M2 territory, 3 � col-

laterals equal to those of the contralateral side, 4 � increased

collaterals).1 Percentage insula ribbon infarct for each case was

determined by visually inspecting the insula on each contiguous

imaging section and deciding whether the abnormality as a whole

involved more or less than 50% of the total insula. A 50% PIRI

binary threshold for total insula was selected because approxi-

mately 50% of the insula is supplied by branches from the

superior division and 50% is supplied by the inferior division

of the MCA. In addition, this was an overall more reproducible

and accurate imaging marker in predicting clinical outcome on

preliminary analysis, performing better than the 25% PIRI total

insula, the 50% PIRI anterior insula, and the two-thirds on 1

section/50% on 2 section techniques used in prior publications.6,7

These imaging markers were independently determined by 2

board-certified radiologists with 1 year and 20 years of dedicated

neuroradiology experience. Interpreting radiologists were

blinded to all clinical and imaging information except for acute

neurologic symptoms. Any disagreements were resolved by

consensus.

In addition, DWI infarct volumes were manually segmented

by a board-certified radiologist with 5 years of general and 2 years

of dedicated neuroradiology experience and were corrected by an

experienced Certificate of Added Qualification– certified neuro-

radiologist with 20 years’ experience, using semiautomated soft-

ware (Analyze 8.1; AnalyzeDirect, Overland Park, Kansas).

NCCT-ASPECTSs were recorded by the same Certificate of

Added Qualification– certified neuroradiologist according to

standard methodology, rating 10 distinct brain regions for isch-

emic hypoattenuation or loss of gray-white matter differentia-

tion. Similarly, the interpreting radiologists were blinded to all

clinical and imaging information except for acute neurologic

symptoms.
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Statistical Analysis
Cases were dichotomized into good (mRS 0 –2) versus poor (mRS

3– 6) clinical outcome. Univariate binary logistic regression was

performed on all imaging markers to determine significance in

predicting poor outcome. Adjusting for time-to-imaging and

treatment assignment, we performed multivariate binary logistic

regression with stepwise selection on significant univariate pre-

dictors of poor clinical outcome (baseline NIHSS score, DWI-

PIRI, DWI infarct volume, CTA collateral score, NCCT-PIRI, and

NCCT-ASPECTS). Two multivariate models with and without

DWI imaging predictors were analyzed. We compared contin-

uous, ordinal, and discrete variables using the unpaired t test,

Mann-Whitney U test, and Fisher exact test, respectively. In-

terrater agreement for imaging markers was determined by

using the � statistic. MedCalc for Win-

dows software, Version 11.5.1.0 (Med-

Calc Software, Mariakerke, Belgium)

was used to perform statistical analysis.

Statistical significance was P � .05.

RESULTS
Patient demographics, treatments, and

univariate predictors of poor clinical out-

come are listed in the Table. Mean time

from symptom onset to CT was 3 hours

48 � 1 minute 43 seconds. Fourteen pa-

tients were imaged at 0 –3 hours, 36 at 3– 6

hours, and 5 at 6 –9 hours. The median

(interquartile range [IQR]) time between

CT and MR imaging studies was 51 min-

utes (range, 41– 65 minutes).

Admission NIHSS score was the only

significant clinical predictor of poor out-

come (P � .001). Admission DWI of �70

mL (P � .001), DWI-PIRI of �50% (P �

.001), NCCT-ASPECTS (P � .001),

NCCT-PIRI of �50% (P � .003), CTA

collateral score (P � .002), and DWI mo-

tor strip (P � .01) were significant imag-

ing univariate predictors of poor outcome. PIRI of �50% on

CT-CBF and CT-MTT were not significant univariate predictors

of poor outcome.

In multivariate analyses, the first binary logistic regression

model, with DWI-PIRI of �50%, NIHSS score, DWI of �70-mL

threshold, NCCT-ASPECTS, and CTA collateral score as covari-

ates revealed DWI-PIRI of �50% (P � .045) and NIHSS score

(P � .001) to be the only independent predictors of poor out-

come. Considering that some centers may have limited access to

MR imaging in the emergency department, we performed a sec-

ond binary logistic model with NCCT-PIRI of �50%, NIHSS

score, NCCT-ASPECTS, and CTA collateral score as covariates,

which revealed the NIHSS score (P � .001) to be the only inde-

pendent predictor of poor outcome.

The DWI volume threshold of 70 mL was 100% specific and

47% sensitive for poor outcome (Fig 1). Fourteen of 14 patients

with DWI lesion volume of �70 mL had mRS 3– 6. When DWI

volume was �70 mL, clinical outcome was highly variable; 24/41

patients with DWI lesion volume of �70 mL had good outcome

with mRS 0 –2 and 17/41 patients had poor outcome with mRS

3– 6.

In patients with admission DWI infarct of �70 mL (n � 40),

the 90-day mRS score was significantly worse in those with DWI-

PIRI of �50% (n � 9, median mRS � 5, IQR � 2–5) compared

with those with DWI-PIRI of �50% (n � 31, median mRS � 2,

IQR � 0.25– 4, P � .036) (Figs 2 and 3). Furthermore, 67% of

patients with DWI lesion volume of �70 and DWI-PIRI of �50%

had poor outcome. In patients with admission DWI infarct of

�70 mL, DWI-PIRI did not have added predictive value for poor

outcome (P � .931).

Interobserver agreement analyses revealed � values of 0.81 for

DWI-PIRI, 0.82 for NCCT-PIRI, 0.74 for DWI motor strip score,

FIG 1. Scatterplot showing clinical outcome for patients stratified by
infarct volume and DWI-PIRI. There was a 100% specific admission
70-mL DWI volume cutoff value for poor outcome.

Admission clinical and imaging variables, stratified by good-versus-poor outcome
(3-month mRS 0 –2 versus 3– 6, respectively)

Variablea
All

Patients
Good Outcome

(mRS 0–2)
Poor Outcome

(mRS 3–6)
P

Valueb

Patient (No.) (%) 55 23 (42) 32 (58) –
Female sex (No.) (%) 26 (4) 12 (52) 14 (43) .731
Age (yr) (mean) 67 � 15 63 � 17 70 � 13 .064
Right hemisphere (No.) (%) 23 (42) 8 (35) 15 (47) .535
Baseline NIHSS (median) (IQR) 14 (6–18) 6 (4–11) 17 (14–20) �.001
IV treatment (No.) (%) 18 (33) 9 (39) 9 (28) .392
IA treatment (No.) (%) 4 (7) 1 (4) 3 (9) .466
Any treatment (IV or IA) (No.) (%) 10 (18) 3 (13) 7 (22) .395
No IV or IA treatment (No.) (%) 23 (42) 10 (43) 13 (41) .628
Ictus to DWI (min) (mean) 286 � 108 277 � 134 291 � 87 .68
Ictus to CT perfusion (min) (mean) 229 � 107 224 � 140 232 � 79 .79
DWI volume �70 mL (No.) (%) 15 (27) 0 (0) 15 (27) �.001
DWI-PIRI �50% (No.) (%) 22 (40) 3 (5) 19 (35) �.001
NCCT ASPECTS (median) (IQR) 8 (6–10) 9 (8–10) 7 (5–8) �.001
Collateral score (median) (IQR) 2 (1–3) 2 (2–3) 1 (1–2) .002
Malignant collateral pattern (No.) (%) 4 (7) 0 (0) 4 (7) .131
NCCT-PIRI �50% (No.) (%) 17 (31) 2 (4) 15 (27) .003
DWI motor strip score, (median) (IQR) 0 (0–0) 0 (0–0) 0 (0–1.5) .010
CT-CBF-PIRI �50% (No.) (%) 39 (71) 14 (25) 25 (45) .133
CT-MTT-PIRI �50% (No.) (%) 44 (80) 17 (31) 27 (49) .294

Note:—IA indicates intra-arterial.
a Results expressed as absolute numbers (%), mean (�SD), or median (IQR).
b Continuous, ordinal, and discrete variables compared with the unpaired t test, Mann-Whitney U test, and Fisher
exact test, respectively.
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0.69 for CBF-PIRI, 0.77 for MTT-PIRI, and 0.44 for CTA collat-

eral score.

DISCUSSION
This study demonstrates that DWI-PIRI of �50% independently

predicts poor clinical outcome and can help identify patients with

stroke likely to have poor outcome despite small admission DWI

lesion volumes. Consequently, the DWI-PIRI score may help to

more accurately weigh the potential risks versus benefits of ad-

vanced stroke treatments than assessment by the NIHSS score and

DWI lesion volume alone.

These results are consistent with earlier studies demonstrating

that insula infarcts are predictive of penumbral loss and poor clinical

outcome compared with infarcts sparing the insula.5-7,10,11 Of note,

diffusion and perfusion MR imaging have been used to demon-

strate that infarctions of the insula are associated with an in-

creased percentage of mismatch loss (conversion of potentially

viable neighboring penumbra into infarction).5,7 Fink et al6 di-

chotomized patients with insula infarcts into “major” (equal to or

more than two-thirds on 1 section or �50% on �2 sections)

versus smaller “minor” insula lesions and found major insula in-

farct involvement to be associated with larger MCA territory in-

farcts and higher NIHSS scores, indicating more severe clinical

deficits. In another study, Christensen et al10 showed significantly

worse mRS scores at 3 months in patients with right-sided insula

infarcts compared with those with left-sided infarcts or no

insula involvement.

Our study further expands on these findings by the following

means: 1) demonstrating the added prognostic value of DWI-

PIRI of �50% in predicting clinical outcome in patients with

small DWI lesion volumes, 2) developing a practical and easily

reproducible DWI-PIRI scoring system, 3) applying this PIRI

scoring method in a patient population with ICA terminus and/or

proximal MCA occlusions, and 4) providing direct comparison of

our PIRI scoring method with other important imaging and clin-

ical markers of stroke outcome.

Specifically our results show DWI-PIRI of �50%, DWI infarct

volume of �70 mL, NCCT ASPECTS, NIHSS score, CTA collat-

eral score, and DWI motor strip score to be univariate predictors

of poor clinical outcome, with DWI-PIRI of �50% and NIHSS

score being the only independent predictors of poor outcome.

The added predictive value of DWI-PIRI to the NIHSS score

makes sense if one considers that the NIHSS is a clinical assess-

ment measuring deficits from the infarct and ischemic penumbra.

The NIHSS cannot distinguish whether clinical deficits originate

from infarcted tissue or tissue at risk for infarction. The DWI-

PIRI score provides a unique visual marker that adds value to the

NIHSS by partly delineating the amount of clinical deficit due to

infarct and by predicting infarct progression. Thus, the addition

of DWI-PIRI may be a useful adjunct to the NIHSS and DWI

infarct volume in helping to predict clinical outcome, particularly

in patients with small DWI infarct volumes who may have a

higher potential for infarct growth.

Our threshold of �50% DWI insula

infarct involvement for predicting poor

clinical outcome adds to the recent work

of Kamalian et al,7 who demonstrated

that �25% DWI insula infarct involve-

ment was the strongest predictor of large

mismatch loss (infarct growth) in a co-

hort of patients with proximal middle ce-

rebral artery occlusions. Our observed

larger threshold of �50% insula infarct

involvement is likely because we assessed

a different outcome measure. While Ka-

malian et al measured changes in lesion

volumes based on follow-up scans, we in-

directly assessed loss of insula and other

MCA region functions as measured by the

90-day modified Rankin Scale.

The insula has long been an estab-

lished marker of early MCA stroke12,13

and has been shown to be among the

FIG 2. In patients with DWI infarct volumes of �70 mL, 90-day mRS
was significantly worse when the DWI-PIRI was �50% compared with
a DWI-PIRI of �50% (P � .036). In patients with DWI infarct volumes
of �70 mL, DWI-PIRI did not have added predictive value for poor
outcome (P � .931).

FIG 3. Sample imaging from 2 patients with ICA terminus occlusions. Patients A and B had similar
baseline NIHSS scores (11 and 8), similar small volume infarcts on DWI (50 and 59 mL), the same
collateral score (2), the same treatment (IV tPA), but differing degrees of insula involvement. The
patient with �50% DWI-PIRI (patient A) had a poor clinical outcome (mRS 5 at 90 days), whereas
the patient with �50% DWI-PIRI (patient B) had a good clinical outcome (mRS 1 at 90 days).
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brain regions most vulnerable to ischemia.14 The association

between insula infarct involvement and worsened tissue and

clinical outcome may be 2-fold: 1) Insula infarcts may serve

as a marker for poor collateral flow throughout the greater

MCA territory, and 2) infarcts of the insula may lead to auto-

nomic system alterations that may contribute to adverse tissue

outcome.

The insula is supplied almost exclusively by M2 segment MCA

branches, with a small contribution from M1 insular branches in

some individuals.15 The superior MCA division gives rise to

branches that supply the anterior insula, whereas the inferior

MCA division supplies the posterior insula. The insula is vulner-

able to ischemia from proximal occlusion of the M1 MCA seg-

ment and the superior and inferior division MCA branches be-

cause there is limited possibility of recruiting pial collateral supply

from the anterior or posterior cerebral arteries. An infarct due to

proximal MCA occlusion that spares the insula but involves the

more downstream MCA territory might be indicative of good pial

collateral circulation, whereas an MCA occlusion with infarct in-

cluding the insula can be a sign of insufficient collateral circula-

tion and thus infarct growth.5

Another link between insula infarct and worsened outcome

may be related to the role of the insula in modulation of the

autonomic nervous system. Clinical and experimental investiga-

tions indicate that there is increased sympathetic nervous system

activity, including increased plasma catecholamine levels, in in-

sula infarcts.5,16 Some of the effects of sympathetic system activa-

tion have been associated with adverse clinical or tissue outcome

in cerebral ischemia. For example, an elevated norepinephrine

concentration after stroke is a predictor of insula involvement and

poor neurologic outcome,16 and likewise poststroke hyperglyce-

mia occurs more often with insular infarcts and is associated with

larger infarct size and poor neurologic outcome.5,17 A recent

study by Kemmling et al18 found a significant association between

the development of hospital-acquired pneumonia in the setting of

right hemispheric peri-insular strokes, an association that is

thought to be related to autonomic modulation of the immune

system.

The insula is a highly recognizable anatomic structure on

cross-sectional imaging due to its distinctive location adjacent to

the frontal and temporal operculum, just medial to the Sylvian

fissure. Our high interobserver agreement in determining the

DWI-PIRI score is in keeping with prior structural MR imag-

ing studies that show high reproducibility for anatomic

localization.19

Limitations of this study include a relatively small sample size,

retrospective design, and heterogeneity of treatment. It is note-

worthy that the unenhanced CT insula score was not an indepen-

dent predictor of outcome in the multivariate model, when DWI

was excluded and the admission NIHSS score was included. This

may be secondary to both shorter time to imaging and lesser

sensitivity for infarct detection, compared with DWI. Recana-

lization status, an established predictor of stroke outcome, was

not available for a large number of our patients, thus preclud-

ing its entrance into our analysis. Our findings should be val-

idated in a larger prospective study that adjusts for recanaliza-

tion status.

CONCLUSIONS
DWI percentage insula ribbon infarct of �50% predicts poor

clinical outcome in acute ischemic stroke and can help identify

patients who are likely to have a poor clinical outcome despite

small admission DWI lesion volumes. Because it facilitates direct

visual estimation of the likelihood of poor outcome, the DWI-

PIRI score may help more accurately weigh the potential risks

versus benefits of advanced stroke treatments than clinical assess-

ment by the NIHSS and estimation of DWI lesion volume alone.

Consideration of DWI insula infarct involvement may be an ad-

ditional tool for risk-benefit stratification and patient selection

for reperfusion therapy.
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