Using Standard First-Pass Perfusion Computed Tomographic
Data to Evaluate Collateral Flow in Acute Ischemic Stroke
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Background and Purpose—The study aims to determine whether volume transfer constant (K"*) maps calculated from
first-pass perfusion computed tomographic data are a biomarker of cerebral collateral circulation and predict the clinical
outcome in acute ischemic stroke caused by proximal arterial occlusion.

Methods—Consecutive patients with acute occlusion of the middle cerebral artery who received endovascular treatment
were enrolled. Digital subtraction angiography, computed tomographic angiography with maximum intensity projection,
and K™ maps were used to assess their collateral circulation. Agreement between different methods was evaluated using
the 7 tests. The correlations of various radiological and clinical outcomes with the collateral flow score, as determined

from K" maps, were calculated.

Results—Seventy-five patients were included, comprising 39 women and 36 men, with a mean age of 65.3+14.6 years.
Collateral flow score on K™ maps had the highest correlation with digital subtraction angiography (x=0.8101;
P=0.9796). Twenty-five patients had poor collateral circulation on K" maps, 25 had intermediate collateral flow, 20 had
good collateral flow, and 5 had excellent collateral flow. Better collateral circulation was associated with better clinical

outcome (P<0.0001).

Conclusions—K"™» maps extracted from standard first-pass perfusion computed tomography are correlated with collateral
circulation status after acute proximal arterial occlusion and predictive of outcome. (Stroke. 2015;46:961-967. DOI:

10.1161/STROKEAHA.114.008015.)
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Collateral blood vessels can provide alternate routes for
cerebral circulation, both acutely and chronically, when
an artery becomes severely stenotic or occluded. They can
preserve perfusion and stabilize cerebral blood flow, thus
representing an important determinant of tissue fate. As
such, they may represent a potential therapeutic target.'
Good collateral circulation has been shown to correlate with
a reduced rate of hemorrhagic transformation, an improved
reperfusion rate, smaller infarct cores, and improved clinical
outcome.?

Digital subtraction angiography (DSA) is the reference
standard for imaging of the Willisian and leptomeningeal col-
lateral vessels. However, DSA is time consuming and inva-
sive and requires expert interventionists to perform. Recent
studies have focused on other noninvasive imaging methods
for assessment of collateral circulation, including computed

tomographic angiography (CTA), perfusion computed tomog-
raphy (PCT), and arterial spin labeling, among others. Of
these techniques, CTA is the most widely used and has good
image quality. Maximum intensity projection (MIP) and
source imaging are the most studied methods of rendering
CTA images.* Dynamic CTA can be time-resolved and pro-
vides data on cerebral vessels in 4 dimensions; it may be a
promising way to evaluate collateral flow in the future.* Kim
et al used source data from another novel MRI technique,
dynamic susceptibility contrast MRI, to visualize leptomen-
ingeal collaterals in acute ischemic stroke patients with proxi-
mal artery occlusion.’ Kim et al also used multiphasic PCT to
visualize the leptomeningeal collaterals according to the same
principle.® However, postprocessing and interpretation were
still time consuming, and the collateral circulation was still
difficult to quantify.’

Received November 6, 2014; final revision received December 27, 2014; accepted January 15, 2015.

From the Third Military Medical University, Chongqing, China (H.C.); Departments of Neurology (H.C., N.L., Y.L., WZ., G.Z.) and Radiology
(B.W.), Military General Hospital of Beijing PLA, Beijing, China; Department of Radiology, Neuroradiology Section, Stanford University, CA (M.W.);
GE Healthcare, Beijing, China (Z.S.); Department of Neurology, Southwest Hospital, Third Military Medical University, Chongqing, China (J.H.); and
Department of Neurology, Changhai Hospital, Second Military Medical University, Shanghai, China (Y.Z.).

*Drs Chen and Wu contributed equally.

The online-only Data Supplement is available with this article at http://stroke.ahajournals.org/lookup/suppl/doi:10.1161/STROKEAHA.

114.008015/-/DC1.

Correspondence to Guangming Zhu, MD, PhD, or Weiwei Zhang, MD, PhD, Department of Neurology, Military General Hospital of Beijing PLA,
Beijing 100700, China. E-mail zhugmdc @aliyun.com or Zhangvivian@vip.sina.com

© 2015 American Heart Association, Inc.

Stroke is available at http://stroke.ahajournals.org

DOI: 10.1161/STROKEAHA.114.008015

Downloaded from http://stroke.ah@earnals.org/ by guest on July 4, 2016


http://stroke.ahajournals.org/lookup/suppl/doi:10.1161/STROKEAHA.114.008015/-/DC1
http://stroke.ahajournals.org/lookup/suppl/doi:10.1161/STROKEAHA.114.008015/-/DC1
mailto:zhugmdc@aliyun.com
mailto:Zhangvivian@vip.sina.com
http://stroke.ahajournals.org/
http://stroke.ahajournals.org/
http://stroke.ahajournals.org/
http://stroke.ahajournals.org/
http://stroke.ahajournals.org/
http://stroke.ahajournals.org/
http://stroke.ahajournals.org/
http://stroke.ahajournals.org/
http://stroke.ahajournals.org/
http://stroke.ahajournals.org/
http://stroke.ahajournals.org/
http://stroke.ahajournals.org/
http://stroke.ahajournals.org/
http://stroke.ahajournals.org/
212320034
高亮
由CTP首过模型获得的渗透性参数是否可以作为侧枝循环的生物标志物以及预测由近端动脉闭塞引起的急性缺血性脑卒中


212320034
高亮

212320034
高亮

212320034
高亮

212320034
高亮

212320034
高亮

212320034
高亮
好的侧枝循环的建立与较低的出血转化率，提高的再灌注率，更小的梗死核心，以及更好的临床结果是具有相关性的。


212320034
高亮


962 Stroke April 2015

PCT is a useful tool for assessing tissue at risk in patients
with acute ischemic stroke. It can also be used to quantify
blood—brain barrier permeability using models such as the
Patlak model.”® Several studies have used this approach to
predict hemorrhagic transformation.*!°

In this study, we test volume transfer constant (K"**) maps as
a possible surrogate for the collateral flow score (CFS) in acute
ischemic stroke by comparing them with CES values obtained
by CTA-MIP and DSA. In addition, we evaluate whether the
CFS as determined from PCT permeability can be used to pre-
dict clinical or radiological outcomes in patients with acute
ischemic stroke who received endovascular treatment.

Materials and Methods

Patients

The clinical and imaging data presented in this study were obtained
from a repository of data collected as part of standard stroke care at
3 participating institutions: the Military General Hospital of Beijing
PLA, Beijing; Southwest Hospital, Chongqing; and Changhai
Hospital, Shanghai. Only completely anonymized data were contrib-
uted to the repository. Collection and analysis of data from the reposi-
tory were approved by the respective institutional review boards of
the contributing institutions.

We retrospectively identified all consecutive patients admitted to
these institutions from January 2011 to January 2014 with signs and
symptoms suggesting hemispheric stroke. Inclusion criteria were the
following: (1) acute ischemic stroke with occlusion of the M1 seg-
ment of the middle cerebral artery, the internal carotid, or both, com-
bined with an admission National Institutes of Health Stroke Scale
score between 4 and 22; (2) completion of a computed tomographic

[ AIS Patients(<9h) ]

| Sl \

AIS with M1 occluded
N= 335

(CT) imaging work-up for stroke, including noncontrast-CT, CTA,
and PCT, at admission; (3) treatment with intra-arterial thrombolysis
with <12 hours from onset to the end of intra-arterial thrombolysis;
(4) availability of MRIs or CT scans taken at 2 weeks postictus from
which to assess final infarct volume (FIV). Patients were excluded if
(1) intravenous tissue-type plasminogen activator treatment was ad-
ministered before angiography or (2) they received reperfusion treat-
ment using mechanical thrombolytic devices. A flow chart outlining
patient selection is shown in Figure 1.

The following demographic and clinical variables were recorded:
age, sex, medical history, vascular risk factors, routine blood tests, time
from onset to imaging, time from symptom onset to treatment, National
Institutes of Health Stroke Scale score on admission, and modified
Rankin Score (mRS) at 90 days. Ninetieth-day outcomes were assessed
in the outpatient clinic or over the telephone. Death was coded as 6 on
the mRS. Stroke mechanisms were subtyped using the TOAST (Trial
of Org 10172 in Acute Stroke Treatment) classification and were diag-
nosed by consensus of 2 stroke neurologists (J.H. and Y.Z.)."

PCT Image Acquisition

PCT studies were obtained on 64-slice CT scanners. Each PCT study
involved successive gantry rotations performed in cine mode during
intravenous administration of 2 boluses of 40 to 50 mL of iodinated
contrast material at an injection rate of 4 to 5 mL/s. Total PCT cover-
age was 20 mm. Acquisition parameters were 80 kVp and 100 mA-s.

CTA Imaging Protocol

CTA studies of the cervical and intracranial arteries were obtained on
64-slice CT scanners using the following parameters: helical mode, 0.5
to 0.8 s gantry rotation; pitch: 1 to 1.375:1; slice thickness: 0.625 to 1.25
mm; reconstruction interval: 0.5 to 1 mm; acquisition parameters: 120
kVp, 200 to 300 mA-s. A caudocranial scanning direction was selected,
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ranging from the midchest to the vertex of the brain. CTA scans were
performed with 50 mL iohexol (Omnipaque 350, GE Healthcare, Little
Chalfont, UK) administered via power injector at 5 mL/s.

DSA Imaging Protocol

DSA was performed using a dedicated biplane cerebral angiographic
system (Axiom Artis d BA Twin; Siemens Medical Systems, Erlangen,
Germany). Images were acquired during injection of the internal and
external carotid arteries and >1 vertebral artery. Imaging was performed
through the entire arterial and venous phases to evaluate the collateral
circulation. All patients underwent endovascular treatment including
intra-arterial thrombolysis, with or without mechanical embolectomy
at the discretion of the attending neurologist (G.Z., Y.Z, or J.H).

Image Processing and Interpretation

The PCT data were analyzed using the dedicated MIStar software
(Apollo Medical Imaging, Melbourne, Australia). This software re-
lies on the central volume principle. The software applies singular
value decomposition with delay- and dispersion-correction to pro-
duce perfusion maps. The volumes of infarct and penumbra, auto-
matically measured by the software as the areas with delay time >3 s
and cerebral blood flow <30%,'? respectively, were recorded.

The permeability parameter—K"™ maps, interpreted as the in-
dicator of local blood—brain barrier breakdown, were drawn from
PCT data using a prototype software program (OmniKinetics, GE
Healthcare China, Beijing, China) that can analyze data according
to various kinetics models mentioned in the review by Sourbron and
Buckley."* We used the Patlak model’® for its simplicity and reputa-
tion of robustness. Patlak modeling involves fitting a regression line
to observed time-concentration curves for each PCT pixel and to an
intravascular reference time-concentration curve. Only first-pass data
were considered for the Patlak analysis. The slope of the relative re-
gression line in each pixel was plotted into K™ maps. Output images
were further analyzed with ImageJ 1.47 for Mac OS (developed by
Wayne Rasband of the National Institutes of Health, Bethesda, MD).

A neurologist (H.C.) with 12 years of experience reviewed all non-
contrast-CT, PCT, and CTA data. She assessed (1) the infarct core and
penumbra volumes on PCT; (2) Alberta Stroke Program Early CT Score
and hyperdense middle cerebral artery sign on noncontrast-CT; and (3)

DSA

Capillary Phase Venous Phase
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Figure 2. Typical examples of collateral
flow score (CFS) on K" maps and digital
subtraction angiography (DSA). CFS on
K's maps is shown in the left and by DSA
in the right. The 3 different phases (arterial,
capillary, and venous phase) of DSA are also
presented. All DSAs show proximal middle
cerebral artery (MCA) occlusions (white
arrows). Poor collateral circulation (CFS 1)
with a large persistent flow defect (black
arrows) is shown at the first line. Intermedi-
ate collateral circulation (CFS 2) with per-
sistent defect is shown at the second line.
Good and excellent collateral circulation
(CFS 3 and 4) are at the third and fourth
lines.

CFS, along with the degree of cervical carotid stenosis based on North
American Symptomatic Carotid Endarterectomy Trial (NASCET) cri-
teria, on CTA-MIP. A neurologist (N.L.) with 13 years of experience
reviewed the follow-up images to measure the FIV. Both reviewers
were blinded to the initial clinical interpretation of these studies and
provided only with descriptions of the signs and symptoms.

A neuroradiologist (B.W.) and neurologist (G.Z.), both with 14
years of experience, reviewed the DSA images to evaluate pretreat-
ment CFS and reperfusion status. Vascular reperfusion was graded
based on the Thrombolysis in Cerebral Infarction classification: 0, no
perfusion; 1, penetration with minimal perfusion; 2a, less than 67%
perfusion; 2b, more than 67% perfusion; and 3, complete perfusion
of the affected vascular territory. Reperfusion status was classified
as ER* (positive for early reperfusion; Thrombolysis in Cerebral
Infarction score 2b to 3 within 12 hours of symptom onset) or ER™.
Thrombolysis in Cerebral Infarction scores were rated by consensus
of a neurologist (G.Z.) and a neuroradiologist (B.W.).

K" maps, generated by a medical imaging scientist (Z.S.), were
loaded into ImagelJ, and the Polygons tool was used to draw regions
of interest corresponding to the ischemic region suggested by PCT.
The regions of interest tool was then used to calculate the mean values
of the K" maps in these regions of interest. The values of K™ maps
were calculated twice and independently by each neurologist (H.C.
and Y.L.), and intra- and interobserver agreements were analyzed.

Because Malik et al'* found that the various systems for grading collat-
eral circulation based on CTA are highly correlated with one another, we
only used the grading system based on CTA-MIP described by Tan et al.'®
Collateral circulation on CTA-MIP was graded as follows: 0, negligible
coverage of the ischemic region by pial vessels; 1, >0% but no more than
50% of the ischemic region filled by these vessels; 2, >50% but <100% of
the ischemic region filled; 3, 100% of the ischemic region filled.

CFES on pretreatment DSA was evaluated using the American
Society of Interventional and Therapeutic Neuroradiology/Society of
Interventional Radiology!® Collateral Flow Grading System, where 0
indicates no visible collateral flow to the ischemic site; 1, slow col-
lateral flow to the periphery of the ischemic site with partial persis-
tence of the defect; 2, rapid collateral flow to the periphery of the
ischemic site but in only part of the ischemic territory, with partial
persistence of the defect; 3, slow but complete collateral blood flow to
the ischemic bed by the late venous phase, 4, complete and rapid col-
lateral blood flow to the vascular bed in the entire ischemic territory
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Table 1. Patient Characteristics According to CFS on K" Maps
Collateral Flow Scores by K" Maps

CFS=1 CFS=2 CFS=3 CFS=4
Characteristic N=25 N=25 N=20 N=5 PValue
Female, % 44.0% (11/25) 60.0% (15/25) 40.0% (8/20) 100% (5/5) 0.3760
Age, yr* 65.8, 65.0 (57.0, 75.0) 63.6,71.0 (53.0,77.0) 66.6, 68.0 (53.5, 78.5) 67.4,68.0 (64.0, 72.0) 0.9717
Time from onset to multimodal CT 0.7512
imaging, h* 47,4.0(2.7,7.0) 5.5,5.0 (2.5, 7.0) 5.4,53(3.7,7.1) 4.8,4.8(4.3,6.0)
Time from onset to the end of 0.5658
endovascular treatment, h* 6.1,6.0 (4.5, 8.0) 7.1,6.5(4.3,9.3) 7.2,7.0(5.5,9.0) 6.3,6.8(5.8,7.5)
NIHSS score at admission* 15.2,17.0 (10.0,19.0) 15.9,15.0 (12.0,19.0) 13.3,12.5(11.0, 16.5) 16.0,17.0 (14.0, 18.0) 0.3048
Risk factors
Hypertension, % 68.0% (17/25) 72.0% (18/25) 36.8% (7/20) 40.0% (2/5) 0.0363
SBP on admission, mm Hg* 147.8,146.0 (137.0, 153.0)  142.8, 140.0 (127.0,160.0) 155.4,151.0 (144.5, 165.0) 152.6, 150.0 (138.0, 160.0) 0.4653
DBP at admission, mm Hg* 76.1,75.0 (70.0, 84.0) 72.9,74.0 (60.0, 86.0) 80.1, 80.5 (70.5, 87.5) 67.8, 65.0 (65.0, 70.0) 0.3564
Atrial fibrillation, % 40.0% (10/25) 24.0% (6/25) 30.0% (6/20) 40.0% (2/5) 0.5956
CAD, % 28.0% (7/25) 24.0% (6/25) 21.1% (419)t 20.0% (1/5) 0.5647
Diabetes mellitus, % 28.0% (7/25) 16.0% (4/25) 10.5% (2/19)t 20.0% (1/5) 0.1943
Serum glucose at 0.6115
admission, mg/dL* 141.7,131.0 (112.0,165.0)  140.2,110.0 (99.0, 142.0) 126.8, 120.0 (102.0, 142.0) 119.8, 116.0 (106.0, 118.0)
Hyperlipidemia, % 40.0% (10/25) 32.0% (8/25) 44.4% (8/18) 0.0% (0/5) 0.5328
Current statin administration, % 24.0% (6/25) 24.0% (6/25) 50.0% (9/18) 40.0% (3/5) 0.0993
Cholesterol at 0.9692
admission, mg/d * 150.0,142.0 (132.0, 169.0)  142.3,142.0 (110.0, 176) 152.3, 145.0 (131.0, 169.0) 145.4,137.0 (119.0, 176.0)
LDL at admission, mg/dL* 92.9, 86.0 (67.0, 96.0) 88.4,87.0 (59.0,115.0)  84.9,74.0 (64.0,111.0)  85.2,81.0(76.0,102.0)  0.9167
Current smoker, % 60.0% (15/25) 36.0% (9/25) 25.0% (5/20) 0.0% (0/5) 0.0028
Imaging parameters
ASPECTS on NCT* 7.6,8.0(7.0,9.0 8.0,8.0(7.0,9.0) 8.9,9.0(8.0,10.0) 8.0,7.0(7.0,10.0) 0.0551
HMCAS on NCT, % 72.0% (18/25) 60.0% (15/25) 50.0% (10/20) 100.0% (5/5) 0.5661
NASCET on CTA, %* 31.0, 0.0 (0.0, 70.0) 11.2,0.0 (0.0, 20.0) 7.7,0.0 (0.0, 0.0) 4.0,0.0(0.0,10.0) 0.1600
Infarct core on PCT, mL* 53.6,47.7 (17.4,62.9) 24.5,16.6 (8.3, 30.2) 31.7,17.1 (8.1, 48.7) 18.9,15.6 (10.0, 18.4) 0.0335
Penumbra on PCT, mL* 37.2,28.6 (16.6, 50.4) 45.2,42.8 (31.1, 56.4) 38.9, 39.8 (23.5, 55.2) 53.2,52.8 (48.9, 60.2) 0.1836
Tissue at risk on PCT, mL* 90.8, 73.7 (57.8, 89.9) 69.7,64.7 (59.2, 75.6) 70.7,69.3 (56.5, 79.1) 72.2,67.4 (62.8, 75.8) 0.6238
Stroke mechanism
Large artery disease, % 44.0% (11/25) 48.0% (12/25) 45.0% (9/20) 80.0% (4/5) 0.4500
Cardioembolic stroke, % 48.0% (12/25) 28.0% (7/25) 35.0% (7/20) 20.0% (1/5)
Other type of stroke, % 8.0% (2/25) 24.0% (6/25) 20.0% (4/20) 0.0% (0/5)
Outcomes
Successful reperfusion, % 76.0% (19/25) 68.0% (17/25) 85.0% (17/20) 60.0% (3/5) 0.8780
sICH, % 24.0% (6/25) 24.0% (6/25) 5.0% (1/20) 40.0% (2/5) 0.4304
Final infarct volume, mL* 59.5, 51.8 (30.6, 71.5) 31.7,21.9(13.7, 41.3) 26.4,15.0 (6.4, 31.7) 49.4,44.2 (12.3, 56.7) 0.0082
Good clinical outcome, % 8.0% (2/25) 28.0% (7/25) 85.0% (17/20) 80.0% (4/5) <0.0001

ASPECTS indicates Alberta Stroke Program Early CT Score; CAD, coronary artery disease; CFS, collateral flow score; CT, computed tomography; CTA, computed
tomographic angiography; DBP, diastolic blood pressure; HMCAS, hyperdense middle cerebral artery sign; LDL, low-density lipoprotein; NASCET, North American
Symptomatic Carotid Endarterectomy Trial; NCT, noncontrast-CT; NIHSS, National Institutes of Health Stroke Scale; PCT, perfusion computed tomography; SBP, systolic
blood pressure; and sICH, symptomatic intracranial hemorrhage.

*These data have been presented as mean, median with interquartile range.

tInformation for one case was missing.

FInformation for 2 cases was missing.

by retrograde perfusion. In our study, scores of 0 and 1 were desig-
nated together as 1 for consistency with the scale used for CTA-MIP.

Values for CFS on K"™ maps were based on the mean values in
the ischemic cerebral area. CFS was graded as 1 if its mean value was

<0.5 mL. Grade 2 indicated a mean value from 0.5 to 1.0 mL. Grade
3 indicated a mean value from 1.0 to 1.5 mL, and grade 4 indicated
a value >1.5 mL. Examples of CFS on K™ maps and DSA are il-
lustrated in Figure 2.
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Table 2. Correlation Among CFS Values on K" Maps, CTA-
MIP, and DSA

Groups ¥ Value ¥ Value (95% Cl) PValue
CTA-MIP vs K" maps 0.5599 0.4087,0.7112 0.3481
DSA vs K" maps 0.8101 0.6998, 0.9205 0.9796
CTA-MIP vs DSA 0.5006 0.0804, 0.3431 0.4100

CFS indicates collateral flow score; Cl, confidence interval; CTA, computed
tomographic angiography; DSA, digital subtraction angiography; and MIP,
maximum intensity projection.

Outcome Measurements
Good clinical outcome was defined as mRS <2 at day 90. Symptomatic
intracranial hemorrhage was defined as any hemorrhage associated
with an increase of 4 points or more on the National Institutes of
Health Stroke Scale or leading to death that was identified as the pre-
dominant cause of deterioration.

Statistical Analysis

All data are presented as mean, median with interquartile range, or
number with percentages. To analyze the patient characteristics with
reference to CEFS on K™ maps, the Kruskal-Wallis test was used
to compare continuous variables, and the Wilcoxon test was used to

First-Pass PCT for Evaluation of Collateral Flow 965

compare categorical variables between groups. Chi-square tests were
used to quantify the level of agreement between CFS and other meth-
ods, as were K values with 95% confidence intervals. Spearman tests
were used to analyze the correlation between mRS at 90 days and
CFS on K™ maps. All statistical analyses were conducted using SAS
version 9.3 (SAS Institute, Cary, NC). A P<0.05 was considered to be
statistically significant.

Results

Of the 97 patients who met the inclusion criteria during the
study period, 11 patients were excluded because of poor
quality of PCT owing to motion artifacts. Six patients had an
incomplete DSA that prevented the collateral flow from being
assessed correctly. Three patients did not have CTA images,
and 2 patients could not be contacted during follow-up. In the
end, 75 patients were included in this study (Figure 1).

Patient Population and Correlation With CFS on
Ktrans Maps

The 75 patients in the final sample comprised 39 women and
36 men with a mean age of 65.3+14.6 years (range 26-89
years). On K" maps, 25 patients (33.3%) had poor collateral

A4l

w
1

Ktrans Map

CTA-MIP

CTA-MIP

C .

Ktrans Map

Figure 3. Distributions of collateral flow score (CFS) determined by computed tomographic angiography (CTA-MIP), K" maps, and digi-
tal subtraction angiography (DSA). A, The correlation between CTA-MIP and K" maps. A total of 69.3% (52/75) patients got the same
CFS with both methods. B, The correlation between DSA and CTA-MIP. There is 65.3% agreement in CFS, although the difference was
>1 grade in 3 patients were >1 grade. C, The correlation between DSA and Ka"s maps is the best. A total 86.7% of patients (65/75) got

the same CFS with both methods.
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Figure 4. Outcomes according to the collateral flow score (CFS) on K@"s maps and reperfusion status. A, Among patients with good or
excellent CFS on K" maps, the percentages of patients with good clinical outcome (modified Rankin Score <2) were much higher than
for those with intermediate or poor collateral circulation. B, Patients with better CFS had higher probability of reperfusion. Regardless of
whether reperfusion occurred or not, the percentage of patients with good clinical outcome was higher when the CFS was better.

circulation (CFS 1), 25 (33%) had intermediate collateral
circulation (CFS 2), 20 (26.7%) had good collateral circula-
tion (CFS 3), and 5 (6.7%) had excellent collateral circulation
(CFS 4). Clinical and imaging characteristics and outcomes
in relation to CFS on K™ maps are presented in Table 1.
Current smokers and patients with a history of hypertension
were more likely to have poor collateral circulation (P=0.0028
and 0.0363, respectively). Infarct core volumes on PCT were
much larger in patients with poor collateral flow (CFS 1) com-
pared with others (P=0.0335). The FIVs in patients with poor
collateral flow were also larger (P=0.0082). Better collateral
circulation always indicated a better clinical outcome, with
more patients having an mRS <2 (P<0.0001). The other risk
factors and imaging variables did not show significant differ-
ences among patients with different CFSs.

Correlation Among CFS on K" Maps, CTA-MIP,
and DSA
All 3 CFS assessment systems were strongly correlated with
one another (Table 2). K™ maps had the strongest correla-
tion with DSA. The x value between them was 0.8101 (95%
confidence interval=0.6998-0.9205, P=0.9796). Although the
correlations between CTA-MIP and K™ maps and between
DSA and CTA-MIP were also significant, their x values were
only 0.5599 and 0.5006, respectively, lower than that between
K™ maps and DSA.

The distributions of CFS values obtained by the differ-
ent methods are illustrated in Figure 3. CFS values obtained

using K™ maps were highly consistent with those obtained
by DSA. All patients with excellent collateral circulation
(CFS=4) on DSA also showed high CFS on K" maps.

Interobserver (weighted k=0.905, P<0.001) and intraob-
server (weighted ¥=0.934, P<0.001) agreement were good
with regard to CFS assessment on K"*™ maps.

Prediction of Outcomes After Acute Stroke

There were 30 patients with good clinical outcomes (mRS
<2) and 45 with bad outcome (mRS >2). Several variables,
including time from onset to end of endovascular treatment
(P=0.381), National Institutes of Health Stroke Scale score
at admission (P=0.0191), Alberta Stroke Program Early
CT Score on noncontrast-CT (P=0.0183), infarct core on
PCT (P=0.0437), successful reperfusion (P=0.0127), FIV
(P<0.0001), and CFS on K"** maps (P<0.0001), showed
significant differences between the 2 groups (Table I in the
online-only Data Supplement).

There was a negative correlation between the distribu-
tion of mRS at 90 days and CFS on K" maps (r=-0.5412,
P<0.0001). Figure 4A illustrates the distribution of mRS at 90
days according to CFS on K"** maps, showing that patients
with good or excellent collateral circulation (CFS 3 or 4) were
more likely to have a good clinical outcome (mRS <2). When
we integrated reperfusion status into our analysis of the cor-
relations between CFS on K" maps and outcomes, there was
a trend for patients with higher CFS to have better clinical out-
come and a higher probability of reperfusion (Figure 4B—4D).
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Discussion
Collateral circulation plays a key role in the pathophysiology
of acute ischemic stroke. More robust collateral circulation is
associated with better recanalization, better reperfusion, and
better clinical outcomes.!” Advanced imaging has shown that
better pretreatment collateral circulation can lead to a more
favorable mismatch between the penumbra and infarct core
and can also keep the penumbra from irreversible infarction
for a longer time, leading to smaller FIV after thrombolysis.'8

Judging from our results, K" maps based on first-pass
PCT data can evaluate the collateral circulation in a more
quantitative fashion, with better agreement with DSA, com-
pared with CTA-MIP. To the best of our knowledge, this is the
first study to use this method to evaluate collateral circulation
in acute ischemic stroke. CFS on K"** maps is a good pre-
dictor of clinical outcome in patients who have experienced
an acute ischemic stroke with proximal arterial occlusion. A
patient with higher CFS values on K™ maps, indicating better
collateral circulation, is likely to have better clinical outcome.
In our study, only one patient with excellent collateral circula-
tion died. The poor outcome in this patient was likely related
to a lack of recanalization and to symptomatic intracranial
hemorrhage. FIV was larger in patients with poor collateral
flow, although this factor was not significant on multiple lin-
ear regression analysis. Considering the high reperfusion rate
in our patients, we did not evaluate the interaction between
collateral circulation and reperfusion. However, patients with
better collateral circulation were more likely to show reperfu-
sion. In our study, CFS on K"** maps did not show any cor-
relation with symptomatic intracranial hemorrhage or FIV. A
reasonable explanation might be that all the patients received
endovascular treatment, with a significant reperfusion rate,
which might have offset the effect of the collateral circulation.

We acknowledge several limitations to our study. First of
all, this study was a retrospective analysis with a limited num-
ber of cases. The high reperfusion rate may have influenced
the natural effect of the collateral circulation on clinical or
radiological outcome. Because most of the patients did not
undergo MRI at admission, we could not analyze the relation-
ship between CFS and infarct growth. Finally, only patients
with middle cerebral artery occlusion were included in this
study, which may limit the generalizability of our results.

In conclusion, we found that K™ maps based on standard
first-pass perfusion CT could be used to assess collateral cir-
culation after acute proximal arterial occlusion accurately and
quantitatively. CFS values obtained from K" maps were
highly consistent with those obtained from DSA. Better col-
lateral circulation was associated with a better clinical out-
come. Further studies are needed to determine the appropriate
use of CFS on K" maps in treatment decisions for patients
with acute ischemic stroke.
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SUPPLEMENTAL MATERIAL

SUPPLEMENTAL TABLE I. Patient Characteristics according to Clinical outcome

trans

Collateral Flow Scores by K™ Maps

Characteristic P values
mRS<2 mRS>2
N=30 N=45
Female(%) 14 (46.7) , 25(55.6) 0.4503
Age,yr 62.7, 64.0(50.0, 75.0) | 67.1, 71.0(60.0, 77.0) | 0.1868
Time from onset to Multimodal | 4.8, 4(2.5, 6.5) 5.7,5.8(4.0,7.3) 0.0553
CT images(h)*
Time from onset to the end of | 63 6.0(4.0, 8.3) 7.4,7.3(6.3, 9.0) 0.0381
endovascular treatment(h) *
NIHSS score at admission® 13.5, 13.5(12.0, 16.0) | 15.9, 18.0(12.0, 20.0) | 0.0192
Risk Factors
Hypertension(%) 14(48.3) 30(66.7) 0.1157

SBP on admission(mmHg)* | 153.5, 149.5(138.0, | 145.1, 146.0(128.0, | 0.2075

160.0)" 160.0)

DBP at admission(mmHg)* | 80.8, 81.5(70.0, 88.0) | 72.1, 72.0(65.0, 83.0) | 0.0690

A

Atrial fibrillation(%) 8(26.7) 16(35.6) 0.4188
CAD(%) 6(20.7) 12(26.7)% 0.5585
Diabetes(%) 5(17.2) 9(20.0) 0.7674

Serum glucose at admission | 134.6, 110.0(102.0, | 136.7, 131.4(102.0, | 0.3437

(mg/dl)* 142.0) 151.0)
Hyperlipidemia(%) 9(32.1)" 17(37.8)" 0.6249
Current statins | 10(35.7)* 13(28.9)° 0.5416

administration (%)

Cholesterol at admission | 156.8, 153.0(131.0, | 141.8, 137.0(112.0, | 0.1714

(mg/dl)* 176.0) 169.0)




LDL at admission(mg/dl) * 98.6, 84.0(68.0, | 82.5,79.0(62.0,97.0) | 0.1422
117.0)
Current smoker(%) 8(26.7) 21(46.7) 0.0814
Image values
ASPECT on NCT* 8.6, 9.0(8.0, 10.0) 7.8, 8.0(7.0, 9.0) 0.0183
HIMCAS on NCT(%) 17(56.7) 31(68.9) 0.2800
NASCET on CTA(%)* 9.8, 0(0, 10.0) 21, 0(0, 30) 0.1786
Infarct core on PCT(ml) * 26.2,16.3(8.34,45.4) | 42.1,27.1(15.4, 62.6) | 0.0437
Penumbra on PCT(ml)* 42.3,44.7(28.6, 55.9) | 40.2,37.5(20.8, 55.3) | 0.4654
Tissue at risk on PCT(ml)* 69.5, 65.5(57.7, 75.8) | 82.3,71.2(60.4, 82.1) | 0.1550
CSF on K™ CFS=1 |2(6.7) 23(51.1)
maps. CFS=2 | 7(23.3) 18(40.0)
<0.0001
CFS=3 | 17(56.7) 3(6.7)
CFS=4 |4(13.3) 1(2.2)
Stroke mechanism
Large artery disease(%) 17(56.7) 19(42.2)
Cardioembolic stroke(%) 9(30.0) 18(40.0) 0.4713
Other determined stroke(%) | 4(13.3) 8(17.8)
Outcomes
Successful Reperfusion(%) 27(90.0) 29(64.4) 0.0127
sICH(%) 3(10.0) 12(26.7) 0.0771
Final infarct volume(ml) * 20.5, 13.0(9.1,22.0) | 54.2,44.5(22.4,71.5) | <0.0001

A one case information was missing

+ These data have been presented as mean, median with interquartile range.
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Ucnonb3oBaHUe AaHHbIX CTaHAAPTHOW Nepdy3UOHHON KOMMbIOTEPHOU TOMOrpadum
ANS OLLEHKHU COCTOSIHUA KoJUlaTepasibHOro KPOBOTOKA NMpPU OCTPOM ULLEMUYECKOM

UHCY/1bTE
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[JononHutenbHble AaHHble AOCTYMNHbI on-line no agpecy: http://stroke.ahajournals.org/lookup/suppl/doi:10.1161/

STROKEAHA.114.008015/-/DC1

MpeanocbUIKKU U Llenb UccnefoBaHus. Liesib nccieqoBaHms 3aKa04anach B U3y4eHnn 3Ha4MMOCTH KapT KOIPPULMEHTOB nepeHoca KOHTpacTa
(K'ans), paccYUTaHHbIX MO AaHHLIM MeP@Y3MOHHON KOMIMbIOTEPHON TOMOrpapuu rnocse rnpoxoxaeHns nepBoro 60/0ca, KOTopble UCMo/1b30BaIn
B KayecTBe 6MOMapKepOB COCTOSIHUSA LiepebpasibHOro KoiatepaabHOro KDOBOTOKa U MPEAMKTOPOB KIIMHUYECKOro UCX0Aa B OCTPOM Nepuoje mile-
MMYECKOIro MHCY/IbTa, BbI3BAHHOIO OKK/TIO3UEH NMPOKCMMasbHOro cermeHTa aptepun. MeToabl. B cciegoBaHne BKAOYaAM NaymMeHTOB C OCTPOM
OKKJIO3MEN CpefiHeN MO3roBoN apTepHU, KOTOPBLIM MPOBOANIN 3HAOBACKY/ISPHOE NedyeHune. [/ OLLeHKM COCTOSIHUSA KoJIiaTepaslbHOro KPOBOTOKa
MCcnoab30Baan gaHHble UMppPoBoi cy6TpakymoHHon aHrnorpadum (LICA), mpoeKumn MakcumasabHON MHTEHCUBHOCTM KOMIbIOTEPHON TOMOrpadu-
qyeckow aHrnorpapum (MIP KTA) u kapTbsl K", CoriacoBaHHOCTb OL€HOK C MCMOIb30BaHMEM Pa3/IMyHbIX CrIOCOB0B M3y4asin C MOMOLLbIO KPUTEPHUS
XWU-KBaapart. Paccuntain Koppeasunm pasinyHbiX pagnoiort4eckmnx u KIIMHUYECKUX MCXOA0B C OLEHKOMN KosilaTepallbHOro KPOBOTOKA M0 KapTam
Ktans, Pe3ynbTathbl. M3 75 BK/IIOYEHHbIX B UCCI€A0BaHME NaLMeHTOB 6b110 39 )eHLWmH 1 36 My»K4uH, cpedHnil Bo3pacT coctaBua 65,3114,6 roza.
OueHKa KonnatepasibHOro KpOBOTOKa Mo Kaptam K" ymesna HambO/bLUy0 KOPPENALUMIO C AaHHbIMN LIMPPOBOK CyOTPaKLUMOHHOM aHrmorpapumn
(%=0,8101; p=0,9796). Y 25 nat1 naLmneHTOB BbIIBUIN /10X0€ COCTOSIHUE KOJ/1aTePasbHOro KPOBOTOKA 0 KapTam Kians, y 25 — npoMeKyTou-
Hoe, y 20 — xopoLiee COCTOSIHUE Uy 5 06HapYyK1IM OTIMYHBIN KOJI/laTepasibHbIi KPOBOTOK. XopoLlee COCTOSIHME KoL1aTepasabHOro KPOBOTOKa 6bl10
accoLUMnpoBaHo ¢ pa3BuTMeM 61aronpusTHOro KimHuyYecKoro ncxoga (p<0,0001). BeiBoabl. KapTbl K@, paccynTaHHbIe Mo AaHHbIM CTaHAapPTHOM
nep@y3MoHHON KOMIMbIOTEPHOM TOMOrpadum, KOPPeMpyroT C COCTOSTHUEM KOJJlaTepallbHOro KPOBOTOKA M0C/1€ OCTPOM OKK/IO3MM MPOKCUMallIbHOro

CerMeHTa apTepun U ABJIAIOTCA NpeanKTopamn ncxoga.

KnioueBble cnoBa: nepoysus (perfusion), MHCynbT (stroke)

IIpu pa3BUTUM BBIPAXEHHOTO CTEHO3a WIM apTepu-
aJTbHOM OKKJIIO3UM KOJUlaTepalbHble COCYAbI MO3BOJSIIOT
obecrneyuThb liepeOpaibHbIii KPOBOTOK KaK MPU OCTPOM,
TaK ¥ TIPY XpPOHUYECKOM ero HapyiieHuu. OHU TTO3BOJISIIOT
COXPaHUTh MepdY3UNI0 U CTAOUITN3NPOBATh 1IepeOPaTbHBIN
KPOBOTOK, 1, TAKUM 00pa3oM, MPEACTaBISIOT COO0I BaX-
HBII onpeAeIsSoNInii pakTop CynbObl TKaHU. B CBSI3M C 3THM
OHM MOTYT OBITh NOTEHIIMAIbHOM TepareBTUYECKOM
mulleHbo [1]. belTo Mmoka3zaHo, YTO XOpollee COCTOSIHUE
KOJITaTepaJIbHOTO KPOBOTOKA KOPpEIUpPYyeT ¢ Oosiee HU3-
KOI 4acTOTOW pa3BUTHSI TeMOpPParnveckoil TpaHchopma-
LIMM, YBEJIMUYEHUEM JacTOThl pernepdy3nun, yMeHbIIeHUEM
o0beMa sapa WINEeMUU M YIydIIeHWEeM KIMHHYECKOTO
ucxona [2].

Hudposast cybrpakiimonHas aHruorpacdus (LICA)
SIBJISIETCSI 30JIOTHIM CTAaHIAPTOM BU3yalu3allui COCYIOB
BunnusueBa Kpyra 1 IeNTOMEHUHTMAbHBIX KOJUIaTepasib-
HBIX cocymoB. OmHako LICA saBusgeTcsa TpymoeMKUM U
WHBa3WBHBIM METOIOM IWAarHOCTUKHU, TPEOYIOIINM BBHICO-
Kol KBanuduKaluu HUHTepBeHLIMOHMCTA. I[lociemHue
uccaenoBaHus ObUTA cocpenoToYeHbl Ha 3(hHEeKTUBHOCTH
WUCIOJIb30BaHUSI APYTMX HEMHBA3UBHBIX METOIOB BU3ya-

© American Heart Association, Inc., 2015
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JIN3ALMU I OLIEHKU COCTOSIHMSI KOJUIaTepalibHOTO KPO-
BooOpallleHMsI, B T.4. KOMIIbIOTEPHOU TOMOTrpachuiecKoi
anruorpaduu (KTA), nmepdy3moHHOII KOMITbIOTEPHOM
toMorpaduu (ITKT) u MP-anrnorpacduu Ha ocHOBe Moc-
JIEIOBAaTEIbBHOCTU C MEUYEHUEM apTepUaibHBIX CITMHOB.
M3 BblllIenepeyncaeHHbIX METOJOB Haubosee IIMPOKO
nucroib3yioT KTA, koTopast MO3BOJISIET MOJIYYUTh M300-
paxxeHus xopollero kauyectBa. [Ipoekuuu Makcumalib-
Hoil unTeHcuBHOCTU (ITMUW) 1 ucxonHble M300paKeHUsI
SIBJISTIIOTCS Hambosee 3ydeHHBIMU pe3ynbTaTamMu KTA [3].
Junammaeckyto KTA MOXHO IIpoOBeCTH ¢ pa3pelleHueM
O BpPEMEHU W TIOJIYyYUTh NAHHBIE O COCTOSTHUM liepeo-
paJibHBIX COCYIOB B 4 U3MEPEHMSIX; OHA MOXET CTaTh
MEePCHeKTUBHBIM METONOM JJisI OLIEHKU COCTOSIHUSI KOJI-
JlaTepajbHOTO KpoBoTOKa B Oyayiiem [4]. S.J. Kim u
COAaBT. MCMOJIb30BaJIM UCXOAHbIE TaHHBIE IPYroro HOBOTO
metoma MPT, MPT ¢ muHamMu4yecKoil BOCIIpUMMYMBOC-
ThIO KOHTpPACTA, ISl BU3yaIu3alliy JeNTOMEHUHT MATbHbBIX
KOJIJIaTEPAJIbHBIX COCYIIOB y TMAllMEHTOB C OCTPBHIM HIlIe-
muyeckuM uHcyiabToM (M), cBs3aHHBIM C OKKIIO3UEH
MMPOKCHUMaJIbHOTO cermeHTa aptepus [5]. S.J. Kim u coasr.
TakxKe UcrnoJjib3oBaiu MHorodaszHyto [TKT mis Busyanu-
3allUM JIEITOMEHUHTUATBHBIX KOJUIaTepaIbHBIX COCYIOB
10 TaKOMY ke TIpuHIuIy [6]. OmHako 06paboTKa TaHHBIX
U MHTEpIpeTalusl pe3yjbTaTOB MO-TPEXHEMY SIBIISIOTCS
TPYAOEMKUMHU TPOLIECCAMU, U COCTOSIHUE KOJulaTepasib-
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HOTO KPOBOTOKA IO-TIPEXXHEMY TPYIHO OLIEHUTb KOJIUYeC-
TBEHHO [5].

IIKT sgBnseTcst moje3HbIM MHCTPYMEHTOM IJISI OLICHKU
TKaHU C TOBBIIIIEHHBIM PUCKOM TOBPEXISHUS y TallueH-
ToB ¢ octpeiM M. Ee Takke MOXHO MCIOJb30BaTh IS
KOJMYECTBEHHON OLEHKU TMPOHUIIAEMOCTH TI'eMaTOdHIIe-
damnueckoro Gapbepa B pa3IMYHBIX MOAENISIX, HaIlpUMep
moznenu [latmaka [7, 8]. B HecKoiabKux uccaemoBaHUSIX
HCIIOIb30BAJIM 3TOT TTOIXOI TSl TIPOTHO3MPOBAHUST Pa3BH-
THUS TeMopparuyeckoit TpaHcgopmauuu [9, 10].

B HacTosieM uccaenoBaHUuU Mbl OLIEHUIN 3HAYMMOCTD
KapT koaddumreHTa nepeHoca KoHTpacra (K'=") B kauec-
TBE CyppOraTHOTO MapKepa COCTOSTHUSI KOJUIaTepajibHOTO
kpoBotoka (KK) mpu octpom MU myrem cpaBHEHMST 3HA-
YeHWI, TIOJIYYEHHBIX O 3TUM KapTaM, C TMOoKa3aTelIsIMu
KK nmo KTA-IIMHW u LICA. KpoMe TOro, Mul M3y4uiu
MPOTHOCTUYECKYIO IIeHHOCTh Itokaszarteseii KK, paccuu-
ta”HHbIX M0 [1KT, B OTHOIIEHUM KITMHUYECKUX WX PAIUO-
JIOTMYECKUX MCXOIO0B Yy MalMeHToB ¢ octpbiM MU, KoTto-
PBIM MPOBOIWJIN SHAOBACKYISIPHOE JICUeHHUE.

B MATEPUAJIbl U METOAbI

MauueHTbl

IIpencraBneHHbIE B HACTOSIIIIEM MCCIICIOBAHUU KIMHU-
YyecKre ¥ BU3yaJM3allMOHHbIE NAaHHbIE ObUIM TOJyYEHbI
M3 apXvBa JaHHBIX, COOPaHHBIX B paMKaX CTaHAapTHOI
MEIUIIMHCKON TTOMOIIM TIPY MHCYJIbTE B 3 yYaCTBYIOIIUX
B HCCIeOOBaHWM KJIMHUKaX: [JTaBHOM BOEHHOM TOCIIH-
tasle HOA Ilekuna, IlekmH; lOro-3anamgHoii 00JbHUIIE,
YynuuH u Illanxaiickoit 6onbHuUlle, Illanxaii. B apxus
BHOCUJIY TOJIBLKO TTIOJTHOCTbHIO aHOHUMHBIE faHHbIe. COop 1
aHaJIM3 TaHHBIX U3 apXvBa ObLTA OJOOGPEHBI COOTBETCTBY-
IOIIMMM WHCTUTYLIMOHAJIIBHBIMUA COBETAMM YYaCTBYIOIIMX
MEIUIIMHCKUX YUPEXKISHUIA.

MBI peTpOCNIEKTUBHO BBISIBWIM BCEX MAlMEHTOB, MOC-
TYNUBIIMX B 3TU ydpexneHus B repuon c stHBaps 2011
o ssiHBapb 2014 1. ¢ MpU3HaKaMu U CUMIITOMaMU TOJTy-
IIapHOTO MHCYIbTa. MICITONBh30BaIU ClleAyIOIIe KPUTEPUN
BriroueHus: (1) octpriii MU ¢ okkmosueit M1 cermenTa
CpelHe MO3roBOM apTepuu, BHYTPEHHEN COHHOM apTepun
WM 00eux apTepuil, B COUETAHUU C OLIEHKOW MO HIKaje
TSKECTH MHCYJIbTa HallMoHanbHBIX MHCTUTYTOB 3lpa-
BOOXpaHeHUsI oT 4 no 22 OGaiioB; (2) TOJHBIE JaHHbIE
kommbioTepHoit Tomorpadum (KT), B T.4. HeKoHTpac-
tHOI KT, KTA u IIKT npm mocryruienun; (3) mpoBe-
JIeHWe BHYTpUApTepUaJbHOTO TPOMOOJM3KUCA B TEPUO.
<12 yacoB OT MOMEHTA MOSIBJIEHUSI CUMITTOMOB /10 OKOHYAa-
HusTpoMOou3uca; (4) Hannuue pe3ynbratoB MPTunu KT,
MPOBEJCHHBIX Uepe3 2 HeaeJqu OT Havajla MHCYJbTa ISt
OLICHKM OKOHYAaTeJIbHOTro 00beMa ovyara nHgpapkra (OON).
INammenToB uckimovanmu, eciau: (1) mepen mpoBeaeHUEM
aHrvorpauy manMeHTaM BHYTPUBEHHO BBOIWJIM TKa-
HEBOI aKTUBATOpP IJIa3MUHOreHa WiM (2) UM MPOBOAVIN
periepdy3MOHHOE JieYeHUE C MCIOJIb30BAHUEM MeXaHU-
YECKUX yCcTpoicTB. Biiok-cxeMa ¢ u3noxeHueM mpoliecca
0TO6Op TMAlIMEeHTOB TTOKa3aHa Ha puc. 1.

PeructpupoBanu cienyioniue neMorpacbhuieckue 1 Kim-
HMYECKHUe TOoKa3aTeJM: BO3pacT, MOJI, NaHHbIe aHaMHe-
3a 3a0osieBaHusI, Hajauuue (paKTOpoB pUCKA pPa3BUTHUS

CEePIEYHO-COCYIUCThIX 3a00/IeBaHUI, pe3yJibTaThl aHAIM-
3a KpOBU, BpeMsl OT MOMEHTa IOSIBJICHUSI CUMITOMOB
IO BU3yaJIU3alliu, BPeMST OT MOMEHTA TTOSIBJICHUSI CUMITTO-
MOBIOJIEYEHUST, OLICHKY ITO IIIKasIe TsKecTh HallmoHambHbIX
WHCTUTYTOB 3IPAaBOOXPAHEHUs] U OLEHKY 1o Momudu-
uupoBaHHoi 1miKane Pankuna (MILP) uepes 90 nHeii.
Ucxonpl uepes 90 nHeit olleHUBaIM B aMOyJIaTOPHBIX YCJI0-
BUSIX 1K 1o TenedoHy. Kogom netanpHOro ricxona Oblia
oneHka no MIIIP 6 6amtoB. BapraHThl MHCYJIBTA TIO MeXa-
HM3MY €TO Pa3BUTHS OMPEAEIISIIN B COOTBETCTBUU C KPH-
tepusimu  kiaccupukauuun TOAST (Trial of Org 10172
in Acute Stroke Treatment) M AmarHo3 IoOATBepKAAIU
2 OIBITHBIX HEBPOJIOTAa Ha OCHOBE KOHCeHcyca [11].

MonyyeHue nepdpy3noHHbix KT-u3o6paxkeHunin

IIKT mnpoBomgnnu Ha 64-cpe3oBbix KT-ckaHepax.
Kaxnoe IIKT-ucciaenoBaHue BbINOJHSUIM Ha (DOHE BHYT-
pPUBEHHOTO BBeneHus 2 6otocoB no 40—50 mu ioa-conep-
Kallero KOHTPAaCTHOTO BEUIECTBA CO CKOPOCTbIO BBeIE-
Hust oT 4 no 5 mi/c. O6uas tonuuHa cpe3oB st [TKT
cocraBmia 20 mMm. [lapaMmeTpsl mToTydeHUs M300pakKeHUIA:
80 kVp, 100 MAc.

MpoTtokon npoBeaenna KT-avrnorpadpum

KTA uccienoBaHus MIeHHBIX 1 BHYTPUUYEPEITHBIX apTe-
puii mpoBoawiid Ha 64-cpe3oBbix KT ckaHepax ¢ MCITONb-
30BaHMEM CJICAYIONIUX ITapaMeTPOB: CITMPATbHBIN PEKUM,
o6oport rentpu 0,5—0,8 ¢; mar: 1—1,375:1; TonmuHa cpe3sa:
0,625—1,25 mM; uHTepBan peKoHCTpyKuuu: 0,5—1,0 MM;
rmapaMeTpbl nojydyeHus: uzobpaxenuii: 120 kVp, or 200
no 300 MAc. BeiOpanu KaynmokpaHuajlbHOE HarpaBjieHUe
CKaHWPOBaHWs, HaUMHasA OT CepeAVHBI TPYTHON KIIETKU
0 BepxHel Toukm rojoBHoro mosra. KTA ckanmpo-
BaHWE TMPOBOAWIM C UCMoJib30BaHUEM 50 MJ MOrekco-
na (Omnipaque 350, GE Healthcare, Jlurtn Yandonr,
BennkobpuTaHus), BBOAIMMOTO C MOMOIIbI0 UH(pY30MaTa
CO CKOPOCTbIO 5 Mi1/C.

MpoToKon BbiNoAHEeHUA LUPPOBON CyOTPAKLLUOHHOM
aHruorpadum

LI CA BBINOJIHWINA C TIOMOIIBIO CIIELUATBLHOM IBYXIIPO-
eKILIMOHHOW liepeOpaibHON aHrHorpaduyeckoil cucre-
Mbl (Axiom Artisd BAT win, Siemens Medical Systems,
OpnanreH, [epmanus). M3o0paxeHusi Tmonayyaau Ha
(boHEe BHYTPUBEHHOTO BBEIECHMSI KOHTPACTHOTO BEIECTBa
BO BHYTPEHHIOIO ¥ Hapy>XHYI0O COHHBIE apTepuu U B OIHY
WJIY BE TTIO3BOHOYHBIE apTepuu. Busyanusaiiuio npoBoau-
JI1 BO BpeMsl apTepUajibHOM U BEHO3HOU (a3 isl OLeHKU
COCTOSIHMSI KOJJIaTepaJIbHOTO KpOBOTOKa. Bcem maumeH-
TaM TIPOBEJIM 3HAOBACKYJISIpPHOE JIUeHUE, BKIIIOUasi BHYT-
pUapTepuaIbHBIM TPOMOOJI3KUC ¢ WIM 0e3 MeXaHWIeCKOI
3MOOJISKTOMMHU TI0 YCMOTPEHMIO Jieyalllero HeBpoJora.

O6pab6oTKa U306paXKeHU n UHTepnpeTauusa
pe3ynbTaTtoB

Hanupie [1KT Obut mpoaHaam3upoBaHbl C IMOMOILBIO
CIeMajJbHOTO IIporpaMMHOro obecmedenust MIStar
(ApolloMedicallmaging, @ Mens0ypH, ABCTpaaus).
DTO nMporpaMMHOe obecrieueHre OCHOBAHO Ha MPUHIIMIIE
LIEHTpaJIbHOTO 00beMa. B HeM MpuMeHsIeTCsl CUHTYJIsSIpHast
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NEKOMITO3ULIMS 3HAYeHW ¢ KOppeKIIUei 3a1epKK1 U TUC-
Tepcuu ISl TIoydeHust Kapt nepdysun. Perucrpuposanu
00beMbI 30HBI SI/Ipa UIIEMUU U UIIEMUYECKON TOJTYyTeHH,
KOTOpbIE aBTOMAaTUUECKU U3MEPSIJIN C TIOMOIIBIO TTPOTrpaM-
MHOIo obecredyeHus1, cyuTast ux obyactamu ¢ DT>3 c u
CBF<30% [12] cooTBETCTBEHHO.

Kaptel mapametrpa mnpoHunaeMoctu K™ KoTopble
SIBJISTIOTCSI TTOKAa3aTeJIeM JIOKAJIbHOTO pa3pylIeHUsT reMaTo-
sHIedanmueckoro 6apbepa, moaydman 1mo maHHeiM [TKT
C TIOMOIIIBIO TIporpaMmMHoro obecrneyeHus (OmniKinetics,
GEHealthcareChina, Ilekun, Kwuraii), KOTOpoe IO3BO-
JISeT aHAJIM3UPOBATh JAHHBIE B COOTBETCTBUM C Pa3IUY-
HBIMU MOJEISIMU KUHETUKU, YIIOMSIHYTBIMU B 0030pe
S.P. Sourbron u D.L. Buckley [13]. Mbl ucnonb3oBa-
mm Mogmenb Ilarnaka [7, 8] mo mpuymHE e¢ IMPOCTOTHL U

MaumeHTsl ¢ OUN (<9 y)

OWW ¢ okkntoauneii M1
N=335

HajexHocTu. MonenupoBanue I[latiiaka mpenmosiaraer
MOACTPOUKY JTUHUU PErpeccuu K HaOI0IaeMbiM KPUBBIM
BpeMeHU-KOHLeHTpauu 1ist kaxnaoro nukcens [TKT u
MHTPABACKYyJSPHOMA KPUBOM BpPEMEHU-KOHLEHTPALIUU.
s nmpoBeneHust aHanu3a I[laTinaka mpUMEHSIIM TOJIBKO
IaHHbIE MEePBOro ucciaenoBaHusi. HakjaoH JMHUM OTHOCU-
TEJbHOW perpeccuy B KaXJOM THKCeJie BbIpaXasld maTe-
MaTMYecKu M HaHocwiu Ha Kapthl K", TlomyueHHbIE
NIaHHbIE 3aTeM aHaJIM3UPOBaIU C MOMOUIBIO TPOTrpaMm-
MHoro obecnedyenust Imagel 1.47 mna Mac OS (paspa-
0oTtka YoitHa Pacbannma miasg HamoHaabHBIX MHCTUTYTOB
3npaBooxpaHenusi, berecna, MapunsHnm).

Hesposor ¢ 12-IeTHUM OITBITOM pabOThI 3yYaja Pe3yJib-
tathbl Bcex HeKOHTpacTHBIX KT, ITKT 1 KTA. Ona (1) oue-
HUBaja 00beM siapa mHMapKTa U IIEHyMOPHI 110 TaHHBIM

Penepdy3noHHoe neveHne
N=298

= Oto3Banu cornacue: 11
m [Ipyrue npuynHbl: 26

Be3 Penepdy3noHHOro neveHns
N=37

Bpemsi 0o nevyeHns=4,5-9 4

Bpemsi oo neveHus <4,54

N=97 ,

OKOH4YaTeNbHO 3a4MCNEHb!
N=75

N=37 N=261
BA TAN BA TAIN BB TAIl
N=37 N=74 N=187
I |
l ----------------- LA, BA v BB neuyenne
Bcero nposeneHo BA TAM Neknioumnn: N=23

MckntoueHbl Mo ApyrM npuynHam:
m Kayectso MKT n KTA: 14
=m HenonHble gaHHble LUCA: 6
= YTepsHbl Ana HabnogeHms: 2

= >124: N=6 ;

m MexaHunyeckue yctpoinctea: N=8

PucyHoK 1. b/10K-cxema oTéopa nauymeHToB B uccaegoBaHne. OMM — ocTpbii uwemudecknit uHcynbT, LUICA — yngpoBas cybTpaKUMOHHas
aHrvorpagus, TA — KoMmnbloTepHas TomMorpaguyeckas aHrmorpapus, BA — BHyTpuaptepuanbHbii, BB TAll — BHyTpuBEHHOE BBeAEHUE
TKaHeBOro axtuBaTtopa nna3muHoreHa; HKKT — HekoHTpacTHasi KT; NIHSS - wkKana TsxecTu uHcynbTa HauynoHasabHbIX MHCTUTYTOB
3apaBooxpaHeHus, KT — nepgpy3noHHas KoMrbloTepHas Tomorpagus, J1 — neveHue.
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IKT; (2) BbIcTaBnsiyia oleHKy mo mikane Alberta Stroke
Program Early CT Score u onpenesiyia HaTuuue CUMIITOMa
TUTIEpICHCUBHOM CpeTHe MO3TOBOM apTepuM Ha HEKOHT-
pactHoit KT; (3) oneHuBana BoipaxkeHHocTh KK Hapsiay
CO CTEMeHbIO CTEHO3a COHHOMW apTepuM Ha OCHOBE KpUTe-
pueB ucnbiTanuss North American Symptomatic Carotid
Endarterectomy Trial (NASCET) no nanusiM KTA—TIMU.
Hesposor ¢ 13-neTHUM OMBITOM pabOTHI U3ydasl pe3yib-
TaThl TOBTOPHBIX WccienoBaHuii mist uaMepeHus OOMU.
O0a pelieH3eHTa ObLIM OCJIEIIEHb OTHOCUTEIBHO MCXOMI-
HOW KJIMHUYECKOU WMHTEPIPETALMU 3TUX MUCCICIOBAHUM,
1 YM OBLIU MPEACTaBAEHbI TOJIBKO OMUCAHUSI CUMIITOMOB.

Heiipopaauosior 1 HeBpoJior ¢ 14-1eTHUM ONTBITOM pabo-
Th1 u3ydasu nzoopaxenus LICA mis onenku KK mo neue-
HMS U cratyca perepdysun. Cocymuctyio pernepdys3uio
oleHMBaIu 1o Kiaccudukauuu Thrombolysis In Cerebral
Infarction: 0 — orcyrcTBue mepdy3uu; 1 — meHeTpaLus
¢ MUHMMAITbHOU Trepdy3ueii; 2a — meHee 67 %nepdysuu;
2b — 6onee 67% nepdys3un; 3 — nosHas penepdys3us mopa-
XKeHHOro cocyaucroro OacceitHa. Craryc perepdy3uu
knaccupumupoBanm Kak ER* (IT010XuUTeIbHBIIT B OTHO-
IIeHUM paHHeil pernepdy3uu; olieHKa Mo Kiaccuduka-

KapTbl Ktrans

CFS=1

CFS=2

ApTtepuanbHas dasa KanunnspHas ¢asa BeHosHas dasza

muu Thrombolysis In Cerebral Infarction 2b-3 B mepshie
12 yacoB OT MOMEHTa TOSIBJIECHUsI CUMIITOMOB MHCYJIbTA)
wm ER-. Onenky no knaccudukaunu TICI BeicTaBsum
HEBPOJIOT Y HEMPOpaaMoJIor Ha OCHOBE KOHCEHCYca.

Kapter K'™m co3gaHHbIe Yy4eHBIM-HeWpopaanoso-
TOM, 3arpy3ujv B IporpamMMHoe obOecrieueHue Imagel u
WCIOJIb30BaIi MHCTpyMeHT Polygons mjist Belae/IeHUs 30H
WHTEpeca B TOJOBHOM MO3Te, COOTBETCTBYIOIIMX 30HAM
nimemyn Ha [1KT. 3ateMm npumennau nHcTpyMeHT Regions
of Interest mjis pacyeTa cpeTHMX 3HAYEHUM Ha KapTax Kwns
B 9TUX M3y4yaeMbIx oOsacTsax. Kaxablit HEBpOJIOT IBaXIbl
1 HE3aBUCUMO JPYT OT Apyra pacCUMThIBAJI 3HAYEHUST KapT
K" i1 3aTemM TTpOBOIMI aHAJIU3 BHYTPU- M MEXIKCITEPT-
HOM COTJIaCOBaHHOCTH.

ITockombky N. Malikncoasr. [ 14] oOHapyXK¥au, 9TO pa3-
JIMYHbIE CUCTEMBI IS KJlacCUudUKaIUU COCTOSTHUS KOJI-
JlaTepaJIbHOT0 KpOoBooOpaleHus1 Ha ocHOBe maHHbIX KTA
YETKO KOPPEJIUPYIOT MeXOy COO0O0il, Mbl MCHOJIb30BAIN
TOJIbKO cHcTeMy Kitaccupukauyuuy Ha ocHoBe KTA-TIMU,
ormucanHywo J.C. Tan u coaBt. [15]. CocTtosiHUE KOJI-
nmarepanbHoro kposotoka Ha KTA-IIMWU onenmBanu
caenyomuM obpa3zom: 0 — He3HAYMTEJIbHBIA OXBaT

LICA

T T T

o 8, N

CFS=3

CFs=4

PUCYHOK 2. TunnyHble NpUMepPbl OLUEHKU COCTOSIHUSI KosilaTepasibHoro KpoBoToKa (KK) no kaptam K™ u faHHbIM LM@POBOM CyBTPaKLIMOHHOM
aHrnorpapum (UCA). KK Ha KapTtax K™ noka3aH Ha M306paxeHusix cneBa, a Ha n3obpaxkeHusix L|CA — cnpaBa. TaKkKe Mpo4eMOHCTPUPOBaHbI
3 pasnunyHblie ¢asbl (apTepuanbHas, KanuanspHas n BeHo3Hasi) LICA. Ha Bcex usobpaxeHusx LICA nokasaHa OKKIO3us (6enble CTPesnKM)
cpeagHert mozroBov aptepun (CMA). Tnoxoi KonnatepasbHbii KpoBOTOK (KK 1) ¢ Bbipa)K€HHbIM HapylueHMeM MOCTOSTHHOrO0 KPOBOTOKa
(4epHble CTPENIKM) NOKa3aH B epBo CTPOKeE. [poMeKyTOYHbIN KonaTepasibHbif KpoBOTOK (KK 2) co cTorikum Ae(peKToM KpOBOTOKa MnoKasaH
BO BTOPO# CTPOKE. XOPOLUMI 1 OTAIMYHBIM KoJiiaTepasibHbif KpoBOTOK (KK 3 1 4) noka3aHbl B TPETLEN 1 YETBEPTOM CTPOKaX.
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30HBI UIIEMUU COCYAaMM MSTKON MO3TOBOI OOOJIOYKHU;
1 — KkpoBocHaGxkeHue 3TUMU cocyaamu >0%, Ho He GoJiee
50% 30oHbI MIeMUN; 2 —KpoBocHa6xkeHue >50%,10<100%
30HBINIIEMNH; 3 —KpoBocHaOxeHMe 100% 30HbBI UIIIEMUM.

Cocrognune KK nHa ICA g0 neyeHus OlLEeHMBAJIU
C TOMOIIIbIO CUCTEMbI KJacCU(UKAIMK KOJIaTepaIbHOTO
KpPOBOTOKa AMEPUKAHCKOIro OO0IlecTBa MHTEPBEHIIMOH-
HOW M TeparneBTUYeCKOW Heiipopanuosoruu/O0iecTBa
MHTEPBEHLIMOHHOM paguonioruu [16], roe 0 GaiioB cBU-
JETEJLCTBYET 00 OTCYTCTBUM BMIVMMOTO KOJIJIaTepaJbHOTO
KPOBOTOKA B 30HE UIIIEeMUU, | — yKa3blBaeT Ha MellJICHHbI
KoJITaTepalibHbIi KPOBOTOK Ha Tepudepuu 30HbI Ullie-
MUY C YaCTUYHBIM COXpaHeHUeM nedekra; 2 — ObICTPHIi
KoJITaTepaJIbHBIA KPOBOTOK Ha Tiepudbepr, HO TOJIBKO
B KaKOW-TO YacTM CaMOM 30HBI UIIEMUU C YaCTUYHBIM
coxpaHeHueM Aedekra; 3 — MeIUIEHHBII HO MOJIHBINA KOJI-
JaTepabHBI KPOBOTOK B 30HE MIIEMUM B KOHIIE BEHO3-
HO#1 (a3bl, 4 — TMOJHBIA M OBICTPBIN KOJJIATEPaTbHBII
KPOBOTOK B COCYIMCTOM pYCJie BCEil 30HBI UILIEMUU, OCY-

KapTa Ktrans

N
T

LIECTBISIEMBII TTOCPEACTBOM pPEeTporpaaHoii rnepdy3uu.
B namem wuccnemoBaHuu, ouieHKu 0 u 1 oObenUHUIU
W TIpUMUCAIM 3HadeHWIo | Gajn Uit COBMECTUMOCTH
co mKanoi, ucronbdyemoit mias KTA-IIMUA.

3nauenus KK #Ha kaprax K" ObUIM OCHOBaHBI
Ha CpeIHUX 3HAYEHUSIX B 30HE UILIEMUU FOJIOBHOTO MO3ra.
KK omenuBanm kak 1 0aii, ecim ee cpemHee 3HAYEeHME
cocrasysiio <0,5 mit. OueHka 2 6ajiia o6o3Havana cpenHee
sHageHue ot 0,5 mo 1,0 mu. Ouenka 3 0Oaia yka3biBajia
Ha cpenHee 3HauyeHue oT 1,0 mo 1,5 mu1, u ouieHKa 4 Oaia
obo3Havajna 3HaueHue >1,5 mi. I[Ipumepsr KK Ha kapTax
Ku2ns i1 [ICA npouJITIocTpUpOBaHbl Ha PUCYHKE 2.

KoHeuHble TOYKU

Kpurtepuem pa3BuTus 6;1aronpusATHOTO KIMHUYECKO-
ro ucxoixa cuuTanu oleHKy nmo MRs <2 6amnoB yepes
90 nHeit. CUMNOTOMHBIM BHYTPUYEPETTHBIM KPOBOM3-
JIUSTHUEM CYUTAIU JI000€ KPOBOUBIUSIHUE, CBI3aHHOE
C yBEJIWYEHHEM OILIEHKM IO TIKaje TSKEeCTH WHCYJIbTa

LICA

KTA-MMU

LICA

KTA-MMU

kapta Ktrans

PucyHoK 3. PacripeseneHune oLeHKU KonatepaibHoro KpoBotoka (KK) no sgaHHbIM KOMMbIOTEPHOM aHrnorpaguyeckon tomorpapum (KTA-NIMH),
KapTam K'S y fgaHHbIM LMOPOBOM CybTpaKUMOHHONU aHrmorpapum (LICA). A. Koppensums wmexay KTA-MIMW u kaptamum Kirans,
Mpuuncnonb3o0BaHMM060MX METOA0BMONYYUIN OAMHaKoBbIe oeHKMKKBceroy69,3%(52/75) naunertos. b. Koppenauymamexay UCAuKTA-TTMU.
CornacoBaHHOCTb B oLieHKe KK coctaBuna 65,3% HecMoTps Ha Haan4yne pa3Hulbl >1 6anna y 3 naymeHToB. B. Koppensuusa mexgy LICA n
KapTamun K'@"s camas ny4iwas. lpu ncnoib3oBaHmnm 060mMx METOA0B MoJsyunnun oguHakoBblie oueHkn KKy 86,7% (65/75) nayneHToB.
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Ta6nuua 1. XapakTepuCcTukn naymeHToB B cooTBeTcTBUE ¢ CFSHa KapTaxKians

OueHKa KonnaTtepanbHOro KPOBOTOKa Mo KapTam Kiens

KK=1 KK=2 KK=3 KK=4
MNokazarenb N=25 N=25 N=20 N=5 3Ha':)e””e
Yieno ML, eHeKoro nona, % 44,0% (11/25) 60,0% (15/25) 40,0% (8/20) 100% (5/5) 0,3760
Boapacr, rogsi* 65,8,650(57,0,750) 63,6, 71,0(53,0,77,0) 66,6, 68,0 (53,5, 78,5) 67,4,68,0 (64,0, 720) 09717
BpeMﬂ OT MOMEHTa NoaABNeHUsA
CHMMNTOMOB [10 NPOBEAEHUS 4,7,4,0 (2,7, 7,0) 5,5,5,0(2,5, 7,0) 54,53(3,7,71) 4,8,4,8(4,3,6,0) 0,7512
MynbTUMoAanbHow KT, y*
BpeMﬂ OT MOMEHTa NoABJIEHUSA
CHMMNTOMOB [10 3aBepLUEeHUs 6,1, 6,0 (4,5, 8,0) 7,1,6,5(4,3,9,3) 7,2,7,0(5,5,9,0) 6,3,6,8(5,8,7,5) 0,5658
3H0BACKYNAPHOIO NleYeHUs, y*
Ouetka no NIHSS npu noctynnenn* 15,2, 17,0 (10,019,0) 15,9, 15,0 (12,0,19,0) 13:3,12,5 (11,0, 16,5) 160,17.0(140,180)  0,3048
®daKTOopbl pUCKa
ApTepuanbHas runepteHsus, % 68,0% (17/25) 72,0% (18/25) 36,8% (7/20) 40,0% (2/5) 0,0363
CA/l NpM NOCTYMNeHHM, MM PT.CT.%  147,8,146,0(137,0,1530)  142,8,140,0 (127,0,160,0) 1554, 151,0 (1445, 1650)  152,6,150,0 (1380, 160,0)  0,4653
AL npu nocTynneHun, MM pr.er.t 76,1, 75,0 (70,0,84,0) 72,9, 74,0 (60,0, 86,0) 80,1,80,5 (70,5, 87,5) 67,8,650(650,700)  0,3564
PUBPUINALMS NPeACEpAN, % 40,0% (10/25) 24,0% (6/25) 30,0% (6/20) 40,0% (2/5) 0,5956
WEC, % 28,0% (7/25) 24,0% (6/25) 21,1% (4/19) 1 20,0% (1/5) 0,5647
CaxapHbiit auacer, % 28,0% (7/25) 16,0% (4/25) 10,5% (2/19) 1 20,0% (1/5) 01943
Sgonzzmnz:”:orc:fn?;:;:C’:'FE;:}‘;ZTKE 141,7,131,0 (112,0165,0) 140,2,110,0(99,0,142,0)  126,8,120,0 (102,0, 142,0) 1198, ﬁg:g)uoe,o, 0,6115
Funepaunnaemms, % 40,0% (10,/25) 32,0% (8/25) 44,4% (8/18) * 0,0% (0/5) 0,5328
Nevetne caturamu, % 24,0% (6/25) 24,0% (6/25) 50,0% (9/18) * 40,0% (3/5) 0,0993
zzgf;zz:‘:;ei:’ /%H*a v 150‘0’1122‘%)(132'0’ 142,3142,0(110,0,176)  152,3,145,0(131,0,169,0) 1454,137,0(1190,1760) 0,9692
JIMHM Apu nocTynnesmu, Mr/an* 92,9,86,0(67.0,960) 884,87,0(59,0,1150)  84,9,74,0(64,0,111,0) 852 810(76,0,102,0) 09167
KypeHne, % 60,0% (15/25) 36,0% (9/25) 25,0% (5/20) 0,0% (0/5) 0,0028
BW3yann3aLmoHHbIe NapameTpbl
ASPECTS Ha HKKT* 7,6.8,0(7,0,9,0) 8,0,8,0(7,0,9,0) 8,9,9,0(8,0,10,0) 8,0,7.,0(7,0, 10,0) 0,0551
HMCAS Ha HKKT, % 72,0% (18/25) 60,0% (15/25) 50,0% (10/20) 100,0% (5/5) 0,5661
NASCET Ha KTA, %* 31,0,0,0 (0,0, 70,0) 11,2,0,0 (0,0, 20,0) 7,7,0,0(0,0, 0,0) 4,0,0,0(0,0,10,0) 0,1600
apo Hwemny Ha MKT, M 536,47,7(17,4,629) 245166 (8,3, 30,2) 31,7,17,1 (8.1, 48,7) 189,156 (10,0,184)  0,0335
MewymGpa Ha KT, mn* 37,2,286(16,6,50,4)  45,2,42,8(31,1,56,4) 38,9, 39,8 (23,5, 55,2) 532,52,8(489,60,2) 01836
;’:}T%;EMCKOM MOBPOMACHUANE 908, 73,7(57,8,89,9)  69,7,64,7 (59,2, 75,6) 70,7, 69,3 (56,5, 79,1) 722,67,4(628,758) 06238
BapMaHTbl WHCynbTa
ATepoTpoMGoTUUECKH, % 44,0% (11/25) 48,0% (12/25) 45,0% (9,/20) 80,0% (4/5) 0,4500
Kapanosmonuieckuit, % 48,0% (12/25) 28,0% (7/25) 35,0% (7/20) 20,0% (1/5)
[Apyrow, % 8,0% (2/25) 24,0% (6/25) 20,0% (4/20) 0,0% (0/5)
Mexopbl
YenewHas penephyaus, % 76,0% (19/25) 68,0% (17/25) 85,0% (17/20) 60,0% (3/5) 0,8780
cBYK, % 24,0% (6/25) 24,0% (6/25) 5,0% (1/20) 40,0% (2/5) 0,4304
S:g:;ii:”m'j” obem otara 59,5,51,8 (30,6, 71,5)  317,21,9(137,41,3) 26,4,15,0 (6,4, 31,7) 494,442 (12,3,56,7)  0,0082
BAGrONPUATHIA KHUHECKHH UCXOR, 8,0% (2/25) 28,0% (7/25) 85,0% (17,/20) 80,0% (4/5) <0,0001

%

NMpumeuyanme. ASPECTS — oueHKa no wkane Alberta Stroke Program Early CT Score; MBC — nwemmnyeckas 6one3Hb cepaua, KK — coctosiHue KonnatepasibHOro
KpoBoToKa; KTA —KomnbloTepHas Tomorpagudeckas aHrmorpadus, AL — anactonmyeckoe aptepuanbHoe gasneHne, HMCAS — cumntom runepaeHCUBHOM
cpegHei mo3aroso# aptepuu, JIMHI — annonpoTtenHsl HU3Kok naoTHocTH, NASCET — kputepuu ucneiranms North American Symptomatic Carotid Endarterectomy
Trial; HKKT — HatnBHas KT, NIHSS — wana TaecTn uHCybTa HalMOHa IbHbIX MHCTUTYTOB 3apaBooxpaHerusi; MKT — nepgyanorHHas KT, CALl — cuctonnyeckoe
apTtepuanbHoe faBneHne, cBYK — cumntomHoe BHyTpuyepenHoe KpOBOU3NUAHUE. * — AaHHbIe NPeACTaBeHbl B BUAE CPEAHEro 3Ha4yeHnsi 1 MeanaHbl C MeX-
KBapTW/IbHbIM Pa3MaxoM. T — OTCyTCTBYIOT AaHHbIE OAHOr0 NauyueHTa. ¥ — OTCYTCTBYIOT AaHHbIE ABYX NaLMEHTOB.
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HanyoHanbHBIX MHCTUTYTOB 3paBOOXpaHeHUs Ha 4 UK
6oJiee OANIOB, VIIU TIPUBOASAIIEE K PAa3BUTHIO JIETATbHO-
To McXolla, KOTOpoe ObLIO OTpenesieHO B KayecTBe Tpe-
obyamaronieit MpUYUHBI YXYIIIEHUS Pe3yJbTaTOB.

CTaTUCTUUYECKUA aHaNu3

Bce nanHbIe mpencTaBlieHbl B BMIE CpPEIHEro 3Ha-
YeHHUsI, MeIUaHbl ¢ MEXKBAapTWJILHBIM pa3MaxoM WU
abCOJMIOTHBIX 3HAYeHWU ¢ TporeHTamu. [Ipu mpose-
NEeHUY aHalli3a XapaKTepUCTHUK TMAIMEHTOB C YYEeTOM
cocrostHug KK Ha K'"n gaprax HCIIOJb30Balu TECT
Kpyckana-Yomnuca mist CpaBHEHUST HENIPEPHIBHBIX MEpe-
MEHHBIX M TECT YWJIKOKCOHA IJIsi CpaBHEHUSI KaTero-
PUANTBHBIX TEPEeMEHHBIX MEXIY TpyrrnaMu. Xu-KBaapaT
TECTHl MPUMEHSIIN UISI KOJIUYSCTBEHHON OLIEHKU YPOB-
Hs corylacoBaHHocTH Mexny KK u npyrumm metomamu
10 3HAYEHMIO » C 95% MOBEpPUTEIBHBIMM MHTEPBaJaMU.
Jnsg aHanusza KOppeasuuu Mexay oueHkoil mo mLIP
gepe3 90 gueit 1 KK Ha kaprax K" 1CIT0/Ib30BaIN TECTHI
CnupmeHa. Bce craTucTthyeckue aHaJIM3bl TTPOBOIMIA
C IIOMOIIbBIO MporpaMMHOro obecmnedyeHuss SAS Bep-
cun 9.3 (SAS Institute, Kspu, CeBepHas KaposuHa).
3naueHus npu p<0,05 cuuTaaM CTaTUCTUYECKU 3HAYM-
MBIMM.

A
CFS=4 1] 1 ¢ 1 |
crs=3 1 | 10 | 6 [10 2 |
crs=2fi 8 | 3 | 6 | 11 01|
crs=1 10| 8 | 8 | =5 7 |
0 1 2 38 4 5 6 7 8 9 10 %

B PE3Y/IbTATbI

W3 97 nauneHToB, KOTOPbIE COOTBETCTBOBAJIM KPUTEPU-
SIM BKJIIOUEHUSI B TeUEHUE Meproa MPOBEIeHUS UCCIEN0-
BaHUs, 11 MalMEHTOB UCKIIOUYWIM MO MPUYMHE TJIOXOTO
kauectBa [IKT B cBsi3u ¢ HanuuueM apTeakToB JABUXKE-
HUs. Y 61 MalnyeHToB ObIIM HenoHbIe pe3yasTaThl LICA,
YTO TOMENIAJI0 TPaBUJIBHOUN OlLIEHKE KOJUlaTepaibHOTO
KpoBoToka. ¥ 3 mauueHTOoB He Ob10 KTA mM300paxkeHuid,
U C 2 MalMeHTaMU He CMOIJIM CBSI3aThCs B T€UEHUE MEpU-
oga HaOmonmeHus. TakuM oOpa3oM, B OKOHYATEIbHbBIN
aHaJIM3 BKJIIOYWJIY JaHHbIe 75 mauueHToB (puc. 1).

BbiGopka nauuneHToB U coctosiHue KK Ha KapTax Kirans

B yucno 75 nauneHTOB B OKOHYATEIbHOM BEIOOPKE BOIILITU
39 XxeHIIMH W 36 MYX4YUH, CPEOHMI BO3PAcCT IMAI[EHTOB
coctaBm 65,3+14,6 roma (auama3zoH or 26 mo 89 ier).
Ha kaprax K™ y 25 (33,3%) mauMeHTOB ObUIO IJIOXOE
cocTosiHMEe KoJaTepaibHoro kpopooOparmieHus (KK 1),
y 25 (33%) — npoMeXKyTOUHOE COCTOSIHIE KOJUIATEPATIbHOTO
kpoBoob6pameHus (KK 2), y 20 (26,7%) — xopoliuii KoJ-
natepaiabHbIil KpoBOTOK (KK 3) my 5 (6,7%) — OTIMYHBINA
KoJutatepaibHblii KpoBOoTOK (KK 4). KiinHuueckue u Bu3y-
IU3aLMOHHbIE XapaKTePUCTUKN U UCXONbl B 3aBUCHMOCTHU
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PucyHoK 4. Vcxoabl B COOTBETCTBUE C OLIEHKOM KosanatepasnbHoro KpoBoToka (KK) no kaptam K" u ctatycom penep¢y3un. A. Cpean
naymneHToB ¢ xopoluen u oTanyHon KK Ha kaptax K@ o151 naymMeHToB ¢ 61aronpuaTHbIM KITMHUYECKMM UCX0A40M (oLeHKa rno MLLIP <2 6anioB)
Oblsla 3HAYUTE/IbHO BbILE, YEM CPEAM NaLUMEHTOB C MPOMEXKYTOYHbIM MU MI0XMM KoanaTepasibHbIM KPOBOTOKOM. B. Y nauueHToB ¢ 6onee
Bbicokoy KK 6bina Bbille BEpOSTHOCTL penepdy3unn. HesaBucumo oT pa3Butusi penepdysunn, 1015 NaLneHToB ¢ 61aronpUsSTHbIM KIMHUYECKUM

ucxogom 6bina Bbllle rpu xopolwei KK.
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Ta6nuua 2. Koppensumsa mexay 3HaveHmsamu KK Ha kaptax K@, KTA-IIMW n LICA

pynnbl 3HaveHune K 3HayeHune K (95% AN) 3HayeHune p
KTA-NIMW vs kapTa Ktans 0,5599 ot 0,4087 o 0,7112 0,3481
LICA vs kapta K'ans 0,8101 ot 0,6998 a0 0,9205 0,9796
KTA-MMW vs LICA 0,5006 ot 0,0804 g0 0,3431 0,4100

NMpumeyanue. KK — oueHKa KonnatepasibHOro KpoBoToka, N — noBeputensbHbli nHTepBan, KTA — KoMnbloTepHas ToMorpaguyeckas aHrmorpadus, LICA — une-
poBasi cyb6TpakLunoHHas aHrmorpadus, MU — npoeKunm MakKcumasibHON MHTEHCUBHOCTH.

ot KK Ha xaprax K" npencrasnensl B Tabmmie 1. [1noxoe
COCTOSTHME KOJITAaTepaIbHOTO KPOBOOOPAIIIEHHS Jallle OTMe-
YyaJiu y KypWIbIIMKOB U JIULL C apTEPUAIbHOM TUIIEPTEH3UEH
(»p=0,0028 10,0363, cooTBeTCTBEHHO). OOBEM SIIpa UILIEMUH
Ha [1KT 6511 ropa3mo 6oJ1blIe y JIUIL ¢ TUTOXUM KOJuTaTepaib-
HBIM KpoBooOpamenneM (KK 1) mo cpaBHeHMIO ¢ IpyTUMU
naureHtamu (p=0,0335). OO y naiimeHTOB ¢ TJIOXUM KOJI-
JIaTepaJIbHBIM KPOBOTOKOM ObLI Takeke Oosbie (p=0,0082).
Xopolee COCTOSIHME KOJulaTepaJbHOI0 KPOBOOOpAILEHUS
BCETJIa YKa3bIBAJIO Ha pa3BuTHe 6oJjiee 61aronpusTHOTO KJIu-
HMYECKOTO MCXO0J1a, O YEM CBUJIETEILCTBOBAJIO OOJIbIIEE YKC-
cyo nanueHToB ¢ oreHkow mo MIIP <2 6ammos (p<0,0001).
CyIlecTBeHHBIX Pa3NW4uii B Apyrux (akTopax pucKa M
BU3YaJIM3AIIMOHHBIX XapaKTePUCTUKAX Cpeau MalueHTOB
¢ pazmuuHbiM KK He ObL10.

Koppensauusa mexay KK Ha KapTax K'as,
KTA-NMMU u LICA

Bce 3 cucremnr onmenku KK deTko KoppenmpoBanu
Mexny coboii (tabmuua 2). HaubGounbinas Koppelsius
obuta y kapt K" ¢ IICA. 3HaueHue » IJIsI HUX COCTa-
Buio 0,8101 (95% AU ot 0,6998 mo 0,9205, p=0,9796).
Hecmotpst Ha 1o, uto Koppensuuun mexny KTA-ITIMU u
kapramu K" a takke mexny LICA u KTA-IIMU Taxke
ObUTM 3HAUMTENTbHBIMU, 3HAYEHUS % COCTABWJIM TOJBKO
0,5599 u 0,5006, cOOTBETCTBEHHO, KOTOPHIE OBIIN MEHb-
e, yeM Mexny kaptamu K i [ICA.

Pacnipenenenune 3HauyeHuit KK, mosydeHHBIX pa3iuy-
HBIMU METOJaMHU, TIpeacTaBieHo Ha puc. 3. 3HayeHust KK,
MOJIyYeHHbIE TIPYU UCTIOJIb30BaHUM KapT K™ yeTKo Kop-
penupoBaIv ¢ TaHHBIMHU, TToaydeHHBIME TIpu LICA. Y Bcex
MalMEHTOB C OTJIMYHBIM COCTOSIHUEM KOJIJIaTePaIbHOTO
kpoBoobGpanieHus (KK=4) na IICA Takxe OGbUIM BHICOKUE
noka3zarean KK Ha kaprax K'ms,

MexakcneptHasa (B3BemeHHoe x»=0,905, p<0,001) u
BHyTpU3KcIiepTHasi (B3BemeHHoe »x=0,934, p<0,001)
COTJIACOBAaHHOCTH OBLJTM XOPOLIMMU B OTHOILLIEHUU OLIEHKH
KK 1o xapram K'rams,

MporHo3upoBaHne UCXOA0B OCTPOro MHCYIbTa

Y 30 mauueHTOB pa3BUJICS OJAroNpUSITHBIA KIWHM-
yeckuit mcxon (oueHka mo MIOP <2 6Gamnos), a y 45 —
HeOJIaronpusaTHeIl ucxon (omeHka mo MIIP >2 6ammos).
Mexny 2 rpynmnamMu BHISIBUIM HaJIUUWe 3HAYMMBIX Pas3iv-
YMii B HEKOTOPBIX MEPEMEHHBIX, B TOM UYHKCJIE BO BpeMEHHU
OT MOMEHTA MOSIBJIEHUsI CUMIITOMOB 10 OKOHYaHUSI 9HIO-
BackynsipHoro JieueHus (p=0,381), B oleHKe IO IIKaje
TSDKECTH WHCYNbTa HallMoHaIbHBIX WHCTUTYTOB 3IpPaBOOX-
paHeHus npu noctymeHuu (p=0,0191), oleHKe 1o IIKaie
Alberta Stroke Program Early CT Score Ha HEKOHTpacTHOI
KT (p=0,0183), oobeme sapa umemuu Ha [IKT (p=0,0437),
YacTOTe BBIMOJHEHUs ycremHoi penepdysun (p=0,0127),

00U (p<0,0001) u KK Ha kaptax K™= (p<0,0001) (Tabnuia I
B JIOTIOJTHUTEJIbHBIX TaHHBIX on-line).

OTMeTUIY HaTMYue OTPULIATEIbHOM KOPPESIIIUU MEXITY
pacnpenenenneM oneHku no MIIIP gepe3 90 nneit m KK
Ha kaprax K™ (r=-0,5412, p<0,0001). Ha puc. 4A noka-
3aHO pacmpeneieHue oiueHku 1o MIIP yepes 90 mHeit
B cootBeTcTBUM ¢ KK Ha kaprax K™ neMoHcTpupyioliee,
YTO y TMAlMEeHTOB C XOPOILIMM WY OTAWYHBIM KOJlaTe-
paibHbIM KpoBooOpaineHueM (KK 3 wim 4) yamie pas-
BUBAJICSI OJIATONPUSTHBIA KJIMHUYECKUIT ucxoia (OlLieHKa
no MIIP <2 6amnoB). Kornma Mbl MHTErpupoBaIM CTaTyC
perniepdy3un B aHanu3 koppensitun mexny KK Ha kaprax
K i1 pexomamu, BRISIBWIIM TEHACHIINIO K pa3BUTHIO OoJice
OJaronpusTHOrO McxXxoda M 0ojiee BHICOKON BEPOSITHOCTHU
penepdy3un y naluMeHToB ¢ 0oJjiee BHICOKMMM IIOKa3aTe-
Jgamu KK (puc. 4b—4T).

B ObCYHAEHUE

KomnnarepanbHoe KpoBooOpallleHHe UIrpaeT KII0YEeBYIO
poiab B marodusuonorun octporo MU. boyee Hamex-
HbI KOJUTaTepaIbHBI KPOBOTOK aCCOLIMMPOBAH C JIydIlei
peKaHanmM3anueit, aydmeid pernepdys3ueid u 6onee 06aro-
MPUSATHBIM KJIMHUYecKUM ucxonom [17]. Tlpu ucrnonb3o-
BaHUM COBPEMEHHbBIX METOIOB BU3yan3alluu MIPOJEMOHC-
TPUPOBAHO, YTO XOpOIIEe COCTOSIHME KOJJIAaTEPaIbHOTO
KPOBOOOpaIIeH!sI MOXET IIPUBECTU K OOJIbIIEMY HECOOT-
BETCTBUIO MEXIy NMEeHYMOPOU M SAPOM MILEMUHU, a TAKXKe
MPeIOTBPaTUTh Pa3BUTHE HEOOPATUMOTO TOBPEXKIECHUS
TKaHU MEHyMOpHI B Te4eHUe 0oJjiee TITUTEIbHOTO BPEMEHH,
B cBsa3u ¢ yeM OUMMU mocie TpomOoIm3nca MOXeET OBITh
MeHbIe [18].

Cyns 1o HalmMMm pesyjabTaTaMm, KapThl K"™™ Ha OCHOBe
naHHbIx nepBoil ITIKT mo3BossiioT Oosiee HamEXHO KOJM-
YECTBEHHO OIICHUTh COCTOSIHME KOJIIAaTepalbHOTO KpPOBO-
obpateHus u aydie cornacytorest ¢ LICA mo cpaBHeHMIO
¢ KTA-IIMUW. Hackonbko HaM U3BECTHO, 3TO IIEPBOE UCCIIe-
NIOBaHWE, B KOTOPOM UCIOJIb3YIOT TaKOl METOH OLEHKHU
COCTOSIHUSI KOJIIaTepaIbHOTo KpoBOToKa mpu ocTpom MMU.
KK Ha xaprax K™ gBjisieTcsl XOpolrM MPeauKTOPOM KJTU-
HUYECKOTO MCXona y TMaiueHToB ¢ octphiM MU ¢ okkiro-
3Meil TTPOKCUMAJIbHOTO CerMeHTa apTepuu. Y TalUeHTOB C
oonee BeicokuMu 3HadeHUsAMU KK Ha kaprax K™, yka3bi-
BalOLIMMU Ha XOpOILEe COCTOSIHME KOJUIaTepaJibHOTO Kpo-
BoOOpallleHUs, Yallle pa3BUBAETCSl OJArOMpPMSITHBIA KIIM-
HMYECKUI Mcxol. B HallleM uccienoBaHUM TOJNBKO OIMH
MalMeHT C OTIMYHBIM KOJUIaTepaJbHBIM KPOBOOOpAIIEHEM
ckoHyvasicsl. HeGnaronpusaTHbIN UCXON Y TaHHOTO TallMeHTa,
BEPOSITHO, OBLJT CBSI3aH C OTCYTCTBUEM peKaHATU3ALUU U pa3-
BUTHUEM CHUMIITOMHOTO BHYTPUUEPETTHOIO KPOBOM3IUSHUSI.
OOMU 6511 Gosblle Y TALIMEHTOB C IJIOXMM KOJUlaTepalbHbIM
KPOBOOOpAIIEHUEM, XOTsl 3TOT (akTop He ObLI 3HAYMMBIM
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Mo pe3yJbTaTaM aHaJM3a MHOXECTBEHHOW JTMHEWHOU per-
peccur. YUUThIBasi BBICOKYIO YaCTOTY pa3BUTHs pernepdy3uu
y HalllUX TMalUeHTOB, Mbl HE OLEHWUBAIM B3aUMOJEICTBUE
MeXIy KoJlIaTepaJbHBIM KpOBOOOpAIlleHUueM U pernepdy3u-
eit. TeM He MeHee y MALIMEHTOB C XOPOLIMM KOJIIaTepaib-
HBIM KpOBOOOpAILlEHWEM Yallle pa3BUBalach pernephysusl.
B HalleM uccienoBaHUM He BBISIBUIM KOPPEJSIIUU MEXIY
KK na kaprax K™ ¥ CMUMIITOMHBIM BHYTPHYEPEITHBIM KPO-
pommsiHeM win OOWM. PazyMHBIM OOBSICHEHUEM 3TOTO
(haxTa MOXET OBITH MPOBEEHUE SHIOBACKYJISIPHOTO JIEUEHUST
C BBICOKOM 4acTOTOM pa3BUTUs pernepdy3uu, YTO MOLJIO KOM-
MEeHCUPOBaTh IDGHEKT KonaTtepaabHOro KpoBOOOpaIleHN .
MpbI pu3HaeM, 4TO B HallleM MCCIeNOBaHUU CYIIECTBYET
psii orpaHUuYeHUii. Bo-miepBbIX, 3TO ObLT PETPOCTIEKTUBHBIN
aHaJIu3 ¢ OTPAaHUYEHHBIM YMCJIOM ciydaeB. Beicokas gacro-
Ta pa3BUTUS penepdy3un, BO3SMOXHO, MOBIUsIIA Ha 3aKO-
HOMEpHbBI 3((heKT KojulaTepaJbHOTO KpOBOOOpalleHUs B
OTHOLUEHWU KJIMHUYECKOTO WJIU PaJAMOJIOTMYECKOr0 MCXO-
na. IlockonabKy OOJBIIMHCTBY MAlMEHTOB HE MPOBOIVINA
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