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ABSTRACT 

Background: Migraine is a prevalent neurovascular disorder associated with altered cerebral 

hemodynamics. Transcranial Doppler (TCD) ultrasonography provides a non-invasive tool to investigate 

these changes during ictal (attack) and interictal (attack-free) states. 

 

Objective: To compare TCD parameters in migraine patients during ictal and interictal phases, and to 

evaluate differences with healthy controls. 

 

Methods: Ninety participants were enrolled: ictal migraine (n=30), interictal migraine (n=30), and 

healthy controls (n=30). TCD was performed to measure mean flow velocity (MFV), peak systolic velocity 

(PSV), end-diastolic velocity (EDV), pulsatility index (PI), and resistive index (RI) in the middle cerebral 

artery (MCA), posterior cerebral artery (PCA), basilar artery (BA), and vertebral artery (VA). Statistical 

significance was set at p<0.05. 

 

Results: Migraine patients exhibited higher PSV and PI in the MCA and PCA compared to controls. During 

ictal phases, PSV and PI were consistently elevated relative to interictal and control groups. VA showed 

significantly higher MFV in ictal compared to interictal groups (p=0.04). No significant changes were 

observed in EDV. 
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Conclusion: Migraine is associated with altered cerebral hemodynamics, especially during ictal phases. 

TCD may serve as a valuable non-invasive tool for differentiating ictal, interictal, and healthy states and 

to elaborate the pathogenesis of migraine with implementation of results for development of future 

research and development of new medicines. 

 

INTRODUCTION 

Migraine is a common disabling primary headache disorder, affecting nearly 12% of the global 

population. It is characterized by recurrent attacks of moderate to severe headache, often accompanied 

by nausea, photophobia, and phonophobia. One-third of migraine patients experience aura, a transient 

neurological disturbance preceding or accompanying headache episodes. [1]The pathophysiology of 

migraine involves complex neurovascular mechanisms including cortical spreading depression, 

neurogenic inflammation, and vascular dysregulation. Alterations in cerebral blood flow have been 

consistently reported during migraine attacks, and Transcranial Doppler (TCD) ultrasonography offers a 

reliable non-invasive method to quantify such hemodynamic changes.[2] 

 

Previous TCD studies have demonstrated inconsistent results regarding cerebral blood flow velocity and 

vascular resistance indices in migraine, both during ictal and interictal phases.[3][7]Understanding these 

hemodynamic variations can provide insights into migraine pathophysiology and aid in distinguishing 

migraine subtypes from other headache disorders. We have planned this study as most of the previous 

studies are on the migraine with aura and without aura and the domain of ictal and interictal variability 

has not been thoroughly researched  . This study aimed to investigate TCD parameters in migraine 

patients during ictal and interictal phases compared with healthy controls. 

 

OBJECTIVES 

The primary objective was to compare TCD parameters in migraine patients during ictal and interictal 

phases. The secondary objective was to evaluate differences in cerebral blood flow dynamics between 

migraineurs and healthy controls. 

 

MATERIALS AND METHODS 

Participants 

This cross-sectional observational study was conducted at the Government Medical College and 

Associated Hospitals, Kota, Rajasthan, between October 2023 and October 2025. Ninety subjects were 

enrolled: 30 ictal migraine patients, 30 interictal migraine patients, and 30 healthy controls. Inclusion 

criteria included clinically diagnosed migraine (with or without aura) according to International 

Headache Society (IHS) criteria. Exclusion criteria were secondary headaches, other neurological 

disorders, systemic vascular disease, diabetes, and ongoing use of vasoactive medications. All 

participants provided written informed consent. The study was approved by the Institutional Ethics 

Committee and adhered to the Declaration of Helsinki. 
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Study Procedures 

Clinical history, physical and neurological examination, and laboratory investigations (CBC, ESR, CRP) 

were performed to exclude secondary causes of headache. Neuroimaging (CT brain) was obtained to 

rule out structural lesions. TCD ultrasonography was performed using a 2 MHz probe to insonate the 

MCA, PCA, BA, and VA. Parameters recorded included MFV, PSV, EDV, PI, and RI. Measurements were 

obtained bilaterally in a quiet room with patients in a resting state. Standardized protocols for probe 

placement and insonation depth were followed. 

Analysis 

Data were analyzed using SPSS version 25. Continuous variables were expressed as mean ± SD. Group 

comparisons were made using ANOVA and independent t-tests, with Bonferroni correction for multiple 

comparisons. Categorical data were analyzed using chi-square tests. Statistical significance was defined 

as p<0.05. 

 

RESULTS 

 

                Table 1. Demographic characteristics of study participants 

 

                 

                   Table 2. Transcranial Doppler parameters in study groups 

 

Artery/Parameter Ictal Migraine Interictal Migraine Controls p-value 

MCA PSV (cm/s) 102.5 ± 15.2 98.7 ± 14.9 85.4 ± 12.7 <0.0001 

MCA PI 1.15 ± 0.12 1.12 ± 0.11 0.98 ± 0.10 <0.0001 

Parameter Ictal Migraine (n=30) Interictal Migraine (n=30) Controls (n=30) 

Age (years, mean ± SD) 32.4 ± 6.1 33.1 ± 5.8 31.9 ± 6.4 

Sex (M/F) 10/20 11/19 12/18 

Duration of illness (years, mean ± SD) 7.2 ± 3.1 6.9 ± 3.3 – 
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Artery/Parameter Ictal Migraine Interictal Migraine Controls p-value 

PCA PSV (cm/s) 92.3 ± 13.4 88.6 ± 12.9 78.1 ± 11.5 0.0023 

PCA PI 1.08 ± 0.09 1.05 ± 0.08 0.95 ± 0.07 0.03 

VA MFV (cm/s) 65.2 ± 9.4 60.1 ± 8.8 59.5 ± 8.6 0.04 

 

 

The demographic characteristics of the three groups were comparable with respect to age and sex 

distribution. Duration of migraine was similar between ictal and interictal groups. 

 

In the MCA, ictal and interictal groups demonstrated significantly higher PSV and PI compared to 

controls (p<0.0001). No significant difference was noted between ictal and interictal groups. In the PCA, 

both ictal and interictal groups exhibited higher PSV and PI relative to controls, with ictal patients 

showing greater elevations (p=0.0023 for PSV, p=0.03 for PI). In the BA, PI was higher in migraine 

patients compared to controls (p=0.004), while other parameters showed no significant difference. In 

the VA, MFV was significantly higher during ictal compared to interictal phases (p=0.04), though other 

parameters were not significantly different. Tables 1 and 2 summarize demographic data and TCD 

findings. 

 

DISCUSSION 

This study investigated cerebral hemodynamic changes in migraine patients using Transcranial 

Doppler ultrasonography, comparing ictal, interictal, and healthy states. To understand 

hemodynamic variations ,substantiate pathophysiological theory and distinguish ictal and 

interictal phase of migraine by noninvasive techniques several issues are revealed in our study to 

understand pathophysiology of migraine. In Middle Cerebral Artery (MCA) TCD evaluation we 

observed significantly higher PSV and PI in the MCA in both ictal and interictal migraine 

patients compared with controls. This finding is consistent with Khedr et al. [2], who 

demonstrated increased cerebrovascular resistance in the MCA territory among migraineurs. 

Elevated PI suggests impaired autoregulation and vascular tone changes, possibly due to cortical 

spreading depression (CSD)–induced vasoconstriction. Some earlier studies, however, reported 

no difference in MCA flow velocities between migraineurs and controls (Silvestrini et al., 1995, 

).[7]Such discrepancies could be explained by methodological variations (sample size, inclusion 

of aura vs. non-aura patients, and timing of TCD during attacks). Our results strengthen the 

hypothesis that MCA flow alterations reflect the anterior circulation’s vulnerability during 

migraine pathophysiology. 
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In Posterior Cerebral Artery (PCA) TCD observation showed PSV and PI in the PCA were 

elevated in ictal and interictal groups compared with controls, with more pronounced changes in 

ictal migraine. These findings are in line with Gomaa et al. [3], who reported higher PCA 

velocities in migraine, suggesting posterior circulation involvement. The PCA supplies visual 

cortex regions; thus, elevated PI may underlie the visual aura frequently reported in migraine. In 

contrast, Berlit et al. (1991)[8] found no significant PCA changes in interictal migraineurs, 

possibly because they excluded aura cases. The increased PCA resistance observed in our study 

may reflect localized vasospasm triggered by CSD, supporting the neurovascular hypothesis of 

aura generation. 

In Basilar Artery (BA) TCD evaluation our study demonstrated significantly higher PI in the BA 

among migraine patients compared with controls, though MFV and PSV were not markedly 

different. This observation suggests increased vascular resistance in the posterior circulation 

without corresponding hyperemia. Similar findings have been reported in vasospastic conditions 

assessed by TCD [1]. Migraine-related brainstem dysfunction, particularly in the dorsal raphe 

nucleus and periaqueductal gray, may contribute to altered BA reactivity. However, other studies 

(Friberg et al., 1990; Andersen et al. [6]) reported increased BA flow during attacks, supporting a 

compensatory hyperemic response. The inconsistency highlights that BA changes may depend 

on attack stage and individual variability in brainstem involvement. 

In Vertebral Artery (VA)TCD observation showed we observed significantly higher MFV in the 

VA during ictal compared with interictal phases. This aligns with evidence that posterior 

circulation is particularly susceptible to migraine-related vasomotor changes [4,5]. The VA 

supplies critical brainstem structures, and increased MFV may reflect compensatory vasodilation 

secondary to cortical spreading depression or altered sympathetic activity. Conversely, some 

prior TCD studies (Sand et al., 2009,[9]) did not find significant VA differences. One hypothesis 

for our findings is that ictal activation of the trigeminovascular system induces increased 

posterior circulation demand, thereby raising VA flow. This posterior predominance supports 

imaging data showing brainstem activation during migraine attacks [4]. 

Comparison with Pathophysiological Models 

1. Our findings support the neurovascular theory of migraine, where vascular dysregulation 

contributes to attack generation and progression [4,5]. Elevated PSV and PI in anterior 

and posterior circulation suggest vasoconstrictive tendencies with impaired 

autoregulation. The posterior circulation (PCA, VA, BA) appears more affected, 

correlating with clinical aura and brainstem symptoms. The major findings were: (1) 

significantly elevated PSV and PI in the MCA and PCA among migraineurs compared 

with controls, with greater elevations during ictal phases; (2) increased PI in the BA 

among migraine patients; and (3) significantly higher MFV in the VA during ictal 

compared with interictal 

2. Timing of TCD,population difference and technical variability may attribute to 

differentiate Our study from earlier studies. 
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Strengths and Limitations 

This study strengthens the evidence for using TCD in migraine by including ictal and interictal 

phases with healthy controls. However, limitations include cross-sectional design, modest 

sample size, and absence of advanced neuroimaging correlations.patient was on various migraine 

treatment although the drug effect may confound the result of hemodynamics which was out of 

scope from this study.  Future longitudinal, multimodal studies combining TCD with perfusion 

MRI could clarify dynamic cerebrovascular changes across migraine phases. 

 

CONCLUSION 

Migraine patients exhibit altered cerebral hemodynamics, especially during ictal periods, characterized by 

elevated PSV and PI in major intracranial arteries. TCD ultrasonography offers a useful, non-invasive 

method to differentiate ictal, interictal, and control states. Incorporating TCD into clinical evaluation may 

improve diagnostic accuracy and contribute to individualized management of migraine.To check severity 

of headache in migraine patient as it may be a possible risk factor for stroke.This Hemodynamic workup 

in migraine patient may help to see the effect of migraine prophylaxis and acute treatment/management. 

Future research should focus on longitudinal studies that clarify causal associations, optimize 

individualized treatment algorithms, and explore novel therapeutics with both symptomatic and 

neuroprotective potential. A multidisciplinary approach integrating clinical, neurophysiological, and 

imaging biomarkers will be pivotal in improving outcomes and reducing the long-term complications of 

migraine. 
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