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ABSTRACT

Background: Acute ischemic stroke (AIS) is a leading cause of morbidity and mortality worldwide.
Rapid and accurate assessment of cerebral perfusion is crucial for guiding therapeutic interventions
such as thrombolysis and thrombectomy. Magnetic resonance imaging (MRI) perfusion provides
quantitative measures of cerebral blood flow (CBF), volume (CBV), mean transit time (MTT),
and timetomaximum (Tmax), while transcranial Doppler (TCD) ultrasound offers real-time
bedside assessment of intracranial arterial flow and pulsatility.

Objective: To evaluate the correlation between MRI perfusion parameters and TCD ultrasound
findings in patients with acute middle cerebral artery (MCA)-territory ischemic stroke and assess
whether combined imaging improves diagnostic performance.

Materials and Methods: In this prospective observational study, 80 patients (mean age 67.4 +
9.3 years; 46 males, 34 female) with MCA-territory AIS within 12 hours of symptom onset
underwent MRI perfusion and TCD within one hour of each other. MRI perfusion metrics (CBF,
CBV, MTT, Tmax) were obtained using dynamic susceptibility contrast (DSC) imaging. TCD
parameters (peak systolic velocity [PSV], mean flow velocity [MFV], pulsatility index [PI]) were
recorded. Patients were classified into infarct core, penumbra, and normal perfusion groups based
on MRI criteria. Spearman correlations assessed relationships between TCD and MRI parameters.
ANOVA compared groups, and ROC analysis evaluated diagnostic accuracy of MRI alone versus
MRI+TCD combined.

Results: Significant correlations were observed between TCD and MRI metrics: PSV vs MTT (r
=-0.62, p <0.001), PSV vs Tmax (r = -0.59, p < 0.001), PI vs CBF (r = -0.57, p < 0.001),
and MFV vs CBF (r = 0.51, p < 0.001). Group comparisons showed a gradient: infarct core
exhibited the lowest CBF and MFV, highest MTT and PI, followed by penumbra, then normal
perfusion (p < 0.001 for all). ROC analysis demonstrated that MRI+TCD combined (AUC =
0.89) improved diagnostic performance compared with MRI alone (AUC = 0.84; p = 0.03).
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Conclusion: TCD parameters correlate with MRI perfusion metrics and can serve as bedside

surrogates for cerebral perfusion. Combining TCD with MRI improves diagnostic accuracy in acute
MCA:-territory stroke, offering a practical, rapid, and complementary approach for clinical decision-
making, particularly in settings with limited MRI accessibility.

Keywords: Acute ischemic stroke; MRI perfusion; Transcranial Doppler; Cerebral blood flow;

Pulsatility index; MCA stroke

INTRODUCTION

Acute ischemic stroke (AIS) continues to be a
major cause of morbidity and mortality
worldwide,  accounting  for  significant
neurological disability and socioeconomic
burden (1). Rapid and accurate diagnosis is
critica, as  timely intervention  with
thrombolysis or mechanical thrombectomy can
significantly improve outcomes and reduce
infarct progression (2).

In recent years, magnetic resonance imaging
(MRI) perfusion techniques have emerged as
powerful tools for evaluating cerebral
hemodynamics, allowing clinicians  to
distinguish between irreversibly infarcted tissue
(infarct core) and atrisk but potentially
salvageable tissue (penumbra) (3). Perfusion
imaging provides valuable information to guide
reperfusion therapy and optimize patient
selection, particularly in extended - time
windows.

Dynamic susceptibility contrast (DSC) MRI,
one of the most widely used perfusion methods,
generates quantitative maps of cerebral blood
flow (CBF) (4), cerebral blood volume (CBV)
(5), mean transit time (MTT), and time-to-
maximum (Tmax), offering detailed insight into
the severity and extent of ischemia. These
parameters allow for accurate identification of
hypo perfused tissue and prediction of infarct
growth, which is critical for clinical decision-
making.

Meanwhile, transcranial Doppler (TCD)
ultrasound serves as a non-invasive bedside
modality capable of measuring intracranial
arterial flow velocities (6), pulsatility indices (PI)
(7), and waveform characteristics, providing
real-time information on cerebral
hemodynamics. TCD is portable, rapid, and
cost-effective, making it a valuable tool in acute
stroke assessment, particularly in settings with
limited MRI availability. However, the
specificity and sensitivity of TCD are generally
lower than those of advanced MRI techniques,

and its accuracy can be influenced by operator
skill and temporal bone window adequacy (8).
Despite the complementary strengths of MRI
perfusion and TCD, there is limited research
directly correlating these modalities in the acute
stroke setting. Understanding the relationship
between TCD indices and MRI perfusion
parameters could enhance diagnostic accuracy,
allow rapid bedside assessment, and support
better-informed therapeutic decisions.

Materials and Methods

Study Design & Participants

We conducted a prospective observational
study at Radiology departments of tertiary Care
Hospital between August 2025 to October
2025. Inclusion criteria were: age >18 years;
onset of focal neurological symptoms consistent
with MCA-territory ischemic stroke within 12
hours; ability to undergo MRI and TCD within
one hour of each other; and provision of
informed consent. Exclusion criteria included
haemorrhagic stroke on initial non-contrast
CT, major motion artifact on MRI, patients
with poor temporal acoustic windows., known
severe carotid stenosis (>70 %) or prior large
infarction in the same vascular territory.

Imaging Protocols

MRI Perfusion

All patients underwent MRI on a 3.0 T scanner
using a standard stroke protocol. DSC
perfusion was performed with a gadolinium-
based contrast bolus (0.1 mmol/kg) and T2*-
weighted echo planar imaging. Post-processing
generated quantitative maps of CBF (mL/100
g/min), CBV (mL/100 g), MTT (seconds) and
Tmax (seconds). Infarct core was defined as
regions with CBF <20 mL/100 g/min and
Tmax >10s; penumbra defined as mismatch

zones (Tmax >6's, CBF >20 mL/100 g/min).
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Transcramal Doppler Ultrasound

A 2MHz probe was used via the temporal
acoustic window to insonate the M1 segment of
the ipsilateral MCA at a depth of 50-65 mm.
Peak systolic velocity (PSV), end-diastolic
velocity (EDV), mean flow velocity (MFV =
(PSV + 2xEDV)/3) and pulsatility index (PI =
(PSV-EDV)/MFV) were recorded. Ten

consecutive cardiac cycles were averaged

Data Analysis

Continuous variables are expressed as mean *
SD. Spearman’s rank correlation coefficients
were calculated between TCD parameters (PSV,
MFV, PI) and MRI perfusion metrics (CBF,
CBV, MTT, Tmax). Patients were grouped into
“infarct core”, “penumbra”, and “normal
perfusion” based on MRI criteria; comparisons
among groups used ANOVA with post-hoc
Tukey test. Receiver-operating-characteristic
(ROC) curve analyses assessed diagnostic
performance of MRI alone vs MRI+TCD
combined model (logistic regression). A p-value
<0.05 was considered significant. Statistical
analyses were conducted using SPSS 26.

Volume 3, Issue 8, 2025

Given the complementary strengths of TCD
(real-time, hemodynamic) and MRI perfusion
(high spatial resolution, quantitative), a
combined diagnostic strategy may enhance
accuracy of acute stroke assessment. However,
there is limited literature correlating MRI
perfusion parameters with TCD indices in the
acute stroke setting. Therefore, this study aims
to evaluate the correlation between MRI
perfusion metrics and TCD ultrasound
findings in patients with acute MCA-territory
ischemic stroke, and to assess whether
combined imaging parameters improve
diagnostic performance.

Results

Participant Characteristics

Eighty patients were included (mean age 67.4 +
9.3 vyears; 46 male/34 female). Time from
symptom onset to imaging was 8.2 + 2.1 hours.
Risk-factors: hypertension 65 %, diabetes
mellitus 28 %, atrial fibrillation 22 %.

MRI perfusion classification: infarct core = 42,
penumbra = 28, normal perfusion = 10.

Table 1. Participant Characteristics and MRI Perfusion Classification

Characteristic Value
Number of patients 80
Age (mean * SD, years) 67.4+9.3
Sex (M/F) 46 / 34
Time from symptom onset to imaging (hours, mean * SD) 82+2.1
Hypertension (%) 65%
Diabetes mellitus (%) 28%
Atrial fibrillation (%) 22%
MRI perfusion classification
Infarct core 42
Penumbra 28
Normal perfusion 10
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Number of Patients

MRI Perfusion Classification

Infarct Core Penumbra Normal Perfusion
Group

Figure 1

Correlation between TCD and MRI perfusion metrics
Table 2: Spearman correlations between TCD and MRI perfusion metrics

| TCD Parameter “ MRI Metric “ r H p-value ‘
PV IMTT |-0.62 |<0.001 |
PV |[Tmax J[-0.59 |<0.001 |
P |CBF |-0.57 |<0.001 |
IPI lcBV |-0.43 10.003 |
IMEV IMTT |-0.48 |<0.001 |
IMEV |CBF 0.51 [<0.001 |

TCD Parameter

Correlation Between TCD Parameters and MRI Metrics (r-values)

- 0.0

| 1
CBF cBv MTT
MRI Metric

Figure 2
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Group comparisons

Table 3: MRI and TCD parameters by perfusion group

| Group [n][ CBFmL/100g/min) |[ MTT() || PI | PSV(em/s) |
Infarct core 42 22.1+58 9.8 +1.7 1.43+0.22 114 £ 29
Penumbra 28 345+6.2 7.1+1.3 1.12 £0.18 86 + 21
Normal perfusion 10 48.7 £ 4.9 52+09 || 0.94+0.12 72 £ 15

ANOVA revealed significant differences among
groups for all parameters (p < 0.001). Post-hoc

Table 4: MRI Perfusion and TCD Parameters by Group and Diagnostic Performance

tests: infarct > penumbra > normal for PI and

MTT; inverse for CBF.

MRI Perfusion and TCD Parameters by Group

140 4

120

100

80

\olues

60

mfarct Core

PFenumbea

Figure 3

- CBF (my/100g/mmn)

N MTT {s)
- A

. PS5V (cmis)

Normal Perfuson

Normal

Parameter / Group zzizrzc)t Core };e;l;r;lbra Eirilés)ion p-value
‘MRI Perfusion Metrics ‘
ICBF (mL/100 ¢/min) [22.1£5.8 [34.5 + 6.2 |48.7+49  |<0.001 |
IMTT (5) 9.8 £ 1.7 7113 |5.2+09  |<0.001 |
‘TCD Parameters H H H ‘
IPI 1432022 [[L12£018  Jo94+0.12 |<0.001 |
IPSV (cm/s) 114 + 29 86 + 21 72 + 15 |<0.001 |

|

‘Diagnostic Performance

MRI alone (CBF < 25
mL/100 g/min)

AUC = 0.84 (0.74-0.91)

MRI + TCD combined
(CBF, MTT, PI)

=0.03

AUC = 0.89 (0.80-0.95),
Sens = 85%, Spec = 82%, p
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Diagnostic Performance: MRI vs MRI + TCD

AUC
104 sensitivity
0.89
0.84 85%
0.8 4
o 064
=
g
0.4 4
0.2 4
0.0 T T
MR alone MRI + TCD combined

ROC analysis: MRI perfusion alone (using CBF
threshold <25 mL/100 g/min) yielded AUC =
0.84 (95 %CI 0.74-0.91). MRI+TCD combined
(logistic regression with CBF, MTT, PI) yielded
AUC = 0.89 (95 %CI 0.80-0.95), significantly
higher (p = 0.03). At optimal cutoff, combined
model sensitivity = 85 %, specificity = 82 %.

Discussion

In this study, we found significant correlations
between  transcranial ~ Doppler  (TCD)
ultrasound parameters such as peak systolic
velocity (PSV), mean flow velocity (MFV), and
pulsatility index (PI) and magnetic resonance
imaging (MRI) perfusion metrics including
cerebral blood flow (CBF) and mean transit
time (MTT) in patients with acute middle
cerebral artery (MCA)-territory ischemic stroke.
These results support the concept that TCD, a
bedside hemodynamic tool, may provide
meaningful surrogate markers of tissue
perfusion status as assessed by advanced MRI.
The observed strong negative correlation
between PSV and MTT (r = -0.62, p < 0.001)
implies that as perfusion delay increases (higher
MTT) the arterial flow velocity decreases—likely
reflecting impaired inflow or collateral
insufficiency. MRI perfusion studies have
shown that prolonged MTT and elevated time-
to-maximum (Tmax) are predictive of infarct
progression and less salvageable tissue (9,10).
The present data suggest that TCD flow
velocities may index this perfusion compromise
at the proximal vessel level.

Likewise, the inverse correlation between PI
and CBF (r = -0.57, p < 0.001) indicates that
higher  distal  resistance or  impaired
autoregulation (reflected by increased PI) is
associated with lower tissue perfusion. The Pl is
known to reflect cerebrovascular resistance,
compliance, and downstream microvascular
hemodynamics (11) In acute ischemic stroke
cohorts, PI has been shown to vary with stenosis
severity, collateral flow, and outcome (12).
Thus, the present findings align with the
physiological notion that compromised
microcirculation and reduced perfusion
manifest as abnormal proximal flow-waveform
indices (13).

When comparing patient groups stratified by
perfusion state on MRI (infarct core vs
penumbra vs normal perfusion), a clear
gradient was observed: patients with infarct core
demonstrated the most severely impaired MRI
and TCD metrics, followed by penumbra and
then normal perfusion. This finding supports
the ischemic continuum model from preserved
perfusion through atrisk penumbra to
infarcted tissue and highlights the potential of
combining hemodynamic (TCD) and perfusion
(MRI) imaging for more precise stratification.
MRI studies consistently emphasize the use of
perfusion-diffusion mismatch for identifying
salvageable tissue (14).

Importantly, combining MRI perfusion metrics
with TCD hemodynamic parameters improved
diagnostic accuracy (AUC ~0.89) compared to
MRI alone (AUC 70.84), suggesting clinical
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relevance of a multimodal approach: TCD
provides  rapid, realtime  information
complementing the spatially detailed but time-
consuming MRI. In resource-limited settings or
when repeat assessments are necessary, 1CD
offers a practical adjunct. Previous work has
highlighted challenges in MRI perfusion
imaging, including software variability, scanner
access, and post-processing time (15).

Although TCD provides rapid, bedside
assessment of cerebral perfusion, its use is
limited by the requirement of an adequate
temporal acoustic window. In a subset of adults,
particularly elderly patients and women, the
temporal bone may be too thick to allow
reliable insonation of the MCA. In this study,
patients without an adequate temporal window
were excluded, which may limit the
generalizability of our findings. Therefore,
while TCD can serve as a useful adjunct to MRI
perfusion in many patients, it cannot fully
replace MRI in those in whom insonation is not

feasible.

Conclusion

This study confirms that transcranial Doppler
(TCD) ultrasound parameters reflect cerebral
perfusion status measured by MRI in acute
middle cerebral artery-territory ischemic stroke.
Patients with infarct core show the most severe
abnormalities on both MRI and TCD, while
penumbral  tissue  displays  intermediate
changes, consistent with the ischemic
continuum model. Combining TCD with MRI
perfusion imaging improves diagnostic accuracy
by providing rapid, bedside hemodynamic
information that complements MRI’s detailed
spatial assessment. This multimodal approach
has the potential to guide timely clinical
decision-making, especially in situations where
MRI access is limited or repeated evaluations
are needed. Future largescale, multicenter
studies are needed to validate this strategy and
assess its impact on patient outcomes
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