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Background: Acute ischemic stroke (AIS) is a leading cause of morbidity and mor-
tality worldwide, characterized by a sudden interruption of cerebral blood flow and
rapid neuronal injury. Early differentiation between the infarct core and ischemic
penumbra is critical for appropriate therapeutic decision-making. Aim: To evaluate
the role of computed tomography perfusion (CTP) imaging in evaluating brain tissue
viability and predicting imaging outcomes after intravenous thrombolytic therapy in
patients with acute ischemic stroke. Materials and Methods: Four representative
patients with acute ischemic stroke who underwent CT perfusion imaging prior to
intravenous thrombolysis at Heart and Brain Hospital, Burgas, were retrospective-
ly reviewed. Perfusion parameters, including cerebral blood flow (CBF), cerebral
blood volume (CBV), mean transit time (MTT), and time to maximum (Tmax) were
analyzed and correlated with 24-hour follow-up CT findings. Results: Patients with
a predominance of ischemic penumbra and minimal infarct core demonstrated fa-
vorable imaging outcomes after thrombolysis, whereas large infarct cores were as-
sociated with extensive infarction or hemorrhagic transformation on follow-up imag-
ing. Conclusion: CT perfusion is a valuable tool in the diagnostic and therapeutic
workflow of acute ischemic stroke, allowing individualized treatment strategies and
improving clinical outcomes through the precise identification of viable brain tissue.
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Pestome:

YBoa: OCTpuAT ncxemmnyeH mosbueH MHeynt (OVIMW) e egHa oT BoAewmTe npu-
YMHK 3a 3a60M155eMOCT 1 CMBPTHOCT B CBETOBEH Mallab, xapakTepusmpalia ce ¢
BHE3arnHo NpPeKbCBaHe Ha MO3bYHKSA KPbBOTOK U 6bP30 yBpEXaaHe Ha HEBPOHUTE.
PaHHOTO pasrpaHuyaBaHe Mexay MH(APKTHOTO SAPO U UCXEMUYHATa NeHyMbpa e
OT CbLUECTBEHO 3HAYEHME 3a NPaBW/IHOTO TepaneBTUYHO nosefeHue. Llen: fa ce
OLEHM ponATa Ha KomntoTbpHOTOMOrpadpckata nepdy3us (KT nepdpysus) npu on-
pefensiHe XX13HecrnocobHOCTTa Ha MO3bYHaTa ThKaH 1 NPorHo3upaHe Ha obpasHus
U3X0[ Cnef VHTpaBeHO3Ha TPOMOOIUTUYHA Tepanns Npy NauMeHTU C OCTbP Ucxe-
MUYEH MO3bYEH UHCYNT. MaTepuan n metoaun: PeTpocnekTMBHO 6sixa aHanm3npa-
HY YeTMpW NPeACTaBUTE/HN C/lyYas Ha MaUMeHTU C OCTbP UCXEMUYEH MO3bYEH UH-
CY/T, NPy KOUTO e npoBefeHo KT nepdy3voHHO uscnefsaHe nNpean MHTpaBeHo3Ha
Tpom6onmnsa B MBAJT “Cbpue 1 Mo3bK” — Byprac. AHanusnpaHun 6sxa nepdpy3noH-
HMUTEe nokasaTesin: Mo3byeH KpbBOTOK (CBF), Mo3bueH kpbBeH 06em (CBV), cpegHo
Bpeme Ha TpaH3ut (MTT) 1 BpeMe 0 makcuMmym (Tmax), kato pesynrartute 6axa
CbMOCTaBEHN C KOHTpo/HUTE KT n3cneasaHuns, n3BbplieHn 24 yaca cnep Tpom6o-
nuzata. PesyntaTtu: MauneHTnTe C Npeobnajasalla NCXeMuyHa neHymopa n mu-
HVM&J/THO UM JIMMCBALLO0 MCXEMUYHO AP0 Nokasaxa bnaronpusteH obpaseH n3xog,
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KnrovoBun gymn:

Adpec 3a KkopecroHOeHUus:

cnep npoBefeHata TpoMO6OAM3a, AOKATO MO-rofieMmnTe MHAApPKTHU fgpa b6sxa
CBbP3aHN C Pa3BUTUETO Ha OGLUMPEH MO3bYEH WHCYAT WU XEMOpParmyHa TpaH-
cchopmaumsi npu npocneasasaliy o6pasHm nscneaanus. 3akntoueHne: KT nepdy-
31ATa € LUeHeH MEeTo/, B AMArHOCTUYHUA 1 TepaneBTUUYHUS a/iTOPUTBM MPU OCTbP
MCXEMUYEH MO3bUYEH MHCYNT, KaTo N03BOJIsIBA NHAUBUAYaNIN3MPaHe Ha feyebHaTa
cTpaTervs v nogobpsisa KIMHUYHUSE U3XO0[, Ypes3 NPeLn3HO onpeaesisiHe Ha Xn3He-
Cnoco6Ha Mo3byHa ThKaH.

OCTbp MCXEMUYEH MO3bUeH MHCYNT, KT nepdyy3usi, Tpombonmsa

A-p Combp En LLlemepu Om, e-mail: dr.elshemeri@gmail.com

Acute ischemic stroke (AIS) occurs due to insuf-
ficient supply of oxygen and nutrients to brain tissue,
most commonly caused by thrombotic or embolic ar-
terial occlusion [1]. It remains a leading cause of dis-
ability and mortality in developed countries [2].

In recent years, nearly 12 million stroke cases have
been reported worldwide, with national statistics in Bul-
garia reflecting similar trends, with over 13,000 cases of
acute cerebrovascular disease annually [2, 3]. High mor-
tality rates and severe long-term complications persist,
including motor, cognitive, and speech impairments [2].

Imaging plays a central role in the diagnostic
pathway of AIS. Non-contrast computed tomography
(NCCT) is considered the gold standard initial imaging
modality for differentiating ischemic from hemorrhag-
ic stroke [4]. It provides essential information regard-
ing lesion location, size, and eligibility for reperfusion
therapy. However, NCCT has limitations, particularly
in the early detection of ischemic changes, as up to
60% of infarcts become visible only between the 3rd
and 6th hour after symptom onset [5]. The Alberta
Stroke Program Early CT Score (ASPECTS) is com-
monly used to assess early ischemic changes, par-
ticularly loss of gray-white matter differentiation in the
territory of the middle cerebral artery [5].

Despite its value, conventional CT imaging cannot
reliably determine the presence of salvageable brain
tissue. This limitation is addressed by CT perfusion
(CTP), which provides critical information regarding
cerebral hemodynamics and allows differentiation
between infarct and ischemic penumbra [6]. Given
the principle that “time is brain”, rapid diagnosis and
timely reperfusion are essential for preserving viable
tissue and improving clinical outcomes [7].

M M

This case series includes four representative pa-
tients with acute ischemic stroke who underwent CT
perfusion imaging, followed by intravenous thrombolytic

therapy at Heart and Brain Hospital, Burgas. Follow-up
imaging studies were evaluated to determine therapeu-
tic effectiveness and the presence of complications.

CTP P
Q P

CT perfusion (CTP) imaging enables dynamic
evaluation of cerebral hemodynamics by tracking the
passage of intravenously administered contrast ma-
terial through the brain parenchyma. This technique
provides both qualitative and quantitative assessment
of cerebral perfusion, allowing accurate differentiation
between infarct core and ischemic penumbra, which
is critical for therapeutic decision-making.

Perfusion data are processed using dedicated
software platforms such as Philips IntelliSpace Portal,
which generates standardized perfusion maps and ap-
plies validated thresholds for tissue classification.

Several key parameters are analyzed.

e Mean Transit Time (MTT) reflects the average
time required for blood to traverse the capillary net-
work and is typically prolonged in ischemic regions.

e Time to Peak (TTP) represents the time to max-
imum contrast enhancement and provides indirect
information about arterial inflow.

e Time to Maximum (Tmax) is a delay-sensitive
parameter and one of the most reliable indicators of
hypoperfusion. A Tmax delay greater than 6 seconds
is generally considered indicative of critically hypop-
erfused tissue (ischemic penumbra), while values ex-
ceeding 10 seconds are associated with a high prob-
ability of progression to infarction [8, 9].

e Cerebral Blood Flow (CBF) reflects the rate of
blood delivery to brain tissue and is a primary param-
eter for defining the infarct core. A reduction of CBF
to less than 30% of normal values is widely accepted
as a threshold for irreversible ischemic damage [10].

Based on these parameters, automated software
algorithms generate volumetric maps distinguishing
infarct core from penumbra, enabling rapid and ob-
jective assessment. The mismatch between hypop-
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erfused tissue ( Tmax > 6s) and infarct core (CBF
< 30%) is used to identify patients who are likely to
benefit from reperfusion therapy [10, 11].

This quantitative, tissue-based approach has
become fundamental in modern stroke imaging, al-
lowing extension of treatment indications beyond the
traditional time window and supporting individualized
patient management [12].

I P

CT perfusion studies were performed using a
64-slice multidetector CT scanner (Philips Incisive,
Philips Healthcare). All examinations were conduct-
ed according to a standardized institutional stroke
imaging protocol.

Abolus of approximately 50 mL of iodinated con-
trast agent was administered intravenously at a flow
rate of 5.5 mL/s, followed by a saline flush of approx-
imately 20 mL to ensure optimal contrast delivery.
Dynamic scanning of the neurocranium was initiated
with minimal delay after contrast injection and con-
tinued for a duration of 45-60 seconds to capture the
full passage of contrast through the cerebral circula-
tion. The acquired imaging volume covered approxi-
mately 8-10 cm along the z- axis, including the basal

ganglia and supraganglionic regions. The selection
of the scanned region was adjusted when necessary
based on the clinical presentation and suspected
vascular territory involved.

Post-processing of perfusion data was performed
using dedicated software, generating quantitative maps
of cerebral perfusion parameters. Initial analysis focused
on time-based parameters, including mean transit time
(MTT), time to peak (TTP), and time to maximum (Tmax),
which are typically prolonged in ischemic regions and re-
flect disturbances in cerebral blood flow dynamics.

C C

A total of four representative clinical cases were
analyzed to illustrate the practical application of CT
perfusion in acute ischemic stroke (Table 1).

An 88-year-old male presented with right-sided
weakness and aphasia. Non-contrast CT (NCCT)
revealed no early ischemic changes (ASPECTS=9).
CT perfusion demonstrated an extensive area of hy-
poperfusion in the left middle cerebral artery (MCA)
territory, consistent with an ischemic penumbra in
M5 segment and no infarct core (Fig. 1). On 24-hour
follow-up imaging after thrombolysis, NCCT showed
no development of infarction (Fig. 2).

Table 1. Summary of the presented cases

Case | Age | ASPECTS | Penumbra Infarct Core Follow-up CT Findings
1 88 9 100% 0% No infarction
2 71 9 90% 10% Small basal ganglia infarction
3 84 9 100% 0% Hemorrhagic transformation
4 92 8 62% 38% Large MCA infarction

020262
CT BRAIN
NON CONTRAST 1.5

Fig. 1. Non-contrast CT and perfusion maps (MTT, TTP, CBV and CBF) demonstrating
a focal area of hypoperfusion in the left M5 segment, characterized by prolonged
mean transit time and time to peak, with preserved cerebral blood volume,
suggestive of ischemic penumbra

Fig. 2. On the 24-hour follow-up com-
puted tomography after thromboly-
sis, there is no development
of infarction
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A 71l-year-old female presented with left-sided
weakness after awakening. NCCT showed hypodensi-
ty in the area of the basal ganglia on the right side with
blurring of the outline of the putamen (ASPECTS=9).
On CT perfusion,a large area of hypoperfusion is es-
tablished in the basin of the right MCA, with an ischem-
ic penumbra 90% and infarct core 10% (Fig. 3). Fol-
low-up imaging at 24-hour after thrombolysis revealed
a small infarction in the right basal ganglia (Fig. 4).

An 84-year-old female presented with right-sided
weakness and aphasia. NCCT demonstrated early

Fig. 3. Brain CT and perfusion imaging. Non-contrast CT without clear early is-
chemic changes (A). Perfusion maps (B-G) MTT, TTP, CBV and CBF demonstrating
prolonged transit time and reduced cerebral blood flow with relatively preserved

ischemic changes (ASPECTS=9) in the left MCA ter-
ritory. CT perfusion revealed a 100% penumbra and
no infarct core (Fig. 5). On the next day after 24-hour
follow-up, CT shows intraparenchymal hemorrhage
in the left basal ganglia (Fig. 6).

A 92-year-old patient presented with left-sided
weakness. NCCT showed early ischemic changes
(ASPECTS=8). CT perfusion demonstrated hypoper-
fusion with approximately 62% penumbra and 38%
infarct core (Fig. 7). Follow-up imaging revealed a
large infarction in the right MCA territory (Fig. 8).

029703
CT BRAIN
NON CONTRAST 1.5

Fig. 4. On the 24-hour follow-up CT
after thrombolysis, there is a small
infarction in the right basal ganglia

blood volume in the right hemisphere, consistent with perfusion mismatch and

ischemic penumbra and infarct core

® Left hemisphere of the patient
201

Fig. 5. Non-contrast CT (A) and perfusion maps (B-F) demonstrating ischemic
changes in the left basal ganglia. Perfusion maps show prolonged MTT
and TTP with reduced CBF and relatively preserved CBYV,

consistent with ischemic penumbra

Fig. 6. A 24-hour follow-up non-contrast
CT scan after thrombolysis demon-
strated a small hemorrhagic area
in the left basal ganglia
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Fig. 7. Non-contrast CT (A) and perfusion maps (B-G) demonstrating ischemic
changes in the right MCA territory. Perfusion maps show prolonged MTT
and reduced CBV, with decreased cerebral blood flow. Findings are consistent
with ischemic penumbra and infarct core

R

The main clinical and imaging characteristics of
the presented patients are summarized in Table 1.

In the presented cases, CT perfusion findings
demonstrated good correlation with subsequent im-
aging evolution after intravenous thrombolytic ther-
apy. Two patients with a predominance of ischemic
penumbra and minimal or absent infarct core (Cases
1 and 2) showed favorable outcomes on follow-up
CT examinations. In the first patient (88 years old,
ASPECTS=9), CT perfusion demonstrated 100% is-
chemic penumbra without evidence of an infarct core,
and no infarction developed on the 24-hour follow-up
CT. Similarly, the second patient (71 years old, AS-
PECTS=9), with 90% penumbra and only 10% infarct
core, developed only a small infarction in the right ba-
sal ganglia on follow-up imaging.

In some patients, the initial non-contrast CT study
showed either very subtle abnormalities or no definite
early ischemic changes, while CT perfusion already
demonstrated significant disturbances of cerebral
perfusion. This additional information proved par-
ticularly valuable during the hyperacute stage, when
rapid therapeutic decision-making was required.

Less favorable follow-up findings were observed
in patients with larger infarct core volumes or more
advanced ischemic injury. The third patient (84 years
old, ASPECTS=9), despite demonstrating complete
perfusion mismatch with 100% penumbra and no
measurable infarct core, developed hemorrhagic
transformation following thrombolytic therapy. The

Fig. 8. Non-contrast follow-up CT after
24-hour demonstrating large ischemic
infarction in the right MCA territory

fourth patient (92 years old, ASPECTS=8) showed
a substantial infarct core (38%) and a smaller pro-
portion of salvageable tissue (62% penumbra), with
follow-up CT revealing a large infarction in the right
middle cerebral artery territory.

Overall, the presented cases illustrate the
practical value of CT perfusion in estimating tissue
viability, identifying ischemic penumbra, predicting
imaging outcomes, and supporting individualized
therapeutic decision-making in patients with acute
ischemic stroke.

D

The present study demonstrates the practical
value of CT perfusion imaging in the evaluation of
patients with acute ischemic stroke, particularly in
situations where non-contrast CT findings are subtle
or inconclusive [13]. In several of the presented pa-
tients, NCCT showed either minimal early ischemic
changes or no definite abnormalities, while perfusion
imaging clearly demonstrated areas of hypoperfusion
corresponding to ischemic penumbra. This allowed
rapid therapeutic decision-making and appropriate
patient selection for thrombolytic therapy [14]. Similar
observations have been reported by Halil et al., who
demonstrated the value of CT perfusion in identifying
candidates for intravenous thrombolysis based on the
extent to ischemic penumbra and infarct core [15].

An important observation in our series was the re-
lationship between perfusion mismatch and follow-up
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imaging findings. Patients with a large volume of sal-
vageable tissue and a relatively small infarct core gen-
erally demonstrated more favorable imaging evolution
after thrombolysis. In some cases, no definite infarction
developed on 24-hour follow-up CT despite the pres-
ence of extensive perfusion abnormalities on initial
examination. Conversely, patients with a larger infarct
core and more advanced ischemic injury demonstrated
less favorable outcomes and a higher risk of extensive
infarction or hemorrhagic transformation [16].

The presented cases also illustrate the limitations
of relying exclusively on conventional CT imaging
in the hyperacute stage of stroke. Although NCCT
remains essential for excluding intracranial hemor-
rhage and assessing early ischemic changes, it can-
not reliably determine tissue viability. CT perfusion
provides additional functional information regarding
cerebral hemodynamics and allows differentiation
between irreversibly damaged tissue and potentially
salvageable brain parenchyma [16, 17].

In our clinical practice, parameters such as Tmax,
CBF, and CBYV proved particularly useful for evaluat-
ing the extent and severity of perfusion disturbances.
Delayed Tmax and prolonged MTT were consist-
ently associated with hypoperfused tissue, whereas
marked reductions in CBF and CBV correlated with
the infarct core. These findings are consistent with
currently accepted perfusion thresholds used in mod-
ern stroke imaging protocols [17].

Another important aspect is the growing role of
tissue-based rather than strictly time-based treat-
ment selection. Several large clinical trials, including
DAWN, DEFUSE 3, and EXTEND, demonstrated that
selected patients may benefit from reperfusion ther-
apy even beyond the traditional therapeutic window
when significant salvageable tissue is present [18].
Our observations are in agreement with these data
and further support the value of CT perfusion in indi-
vidualized stroke management.

The present study has several limitations. It is ret-
rospective and includes a relatively small number of
representative clinical cases from a single center. In
addition, interpretation of perfusion studies may vary
depending on acquisition protocols, software algo-
rithms, and operator experience [19]. Nevertheless,
the presented cases reflect routine clinical practice
and demonstrate the practical applicability of CT per-
fusion in everyday stroke imaging.

Overall, CT perfusion imaging provides clinically
relevant information that cannot be obtained from
conventional CT alone. Its use improves evaluation
of brain tissue viability, facilitates patient selection for

reperfusion therapy, and contributes to more individu-
alized treatment strategies in acute ischemic stroke.

The present report is limited by the small number
of cases and the retrospective design. Larger pro-
spective studies are required to further validate the
predictive value of CT perfusion parameters in treat-
ment selection and outcome prediction.

C

In the presented patients, CT perfusion provided
important additional information that was not fully evi-
dent on conventional non-contrast CT. The ability to
distinguish between ischemic penumbra and infarct
core was helpful when evaluating eligibility for throm-
bolytic therapy and estimating the risk of unfavorable
evolution. In our experience, CT perfusion was par-
ticularly useful in patients with subtle early ischemic
changes and contributed to more confident therapeu-
tic decision-making in the acute stage of stroke.
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