


Intraoperative Micro-Doppler in Cerebral Aneurysm Surgery: A Review of Stenosis Intraoperative Detection


Abstract

Microsurgical clipping remains a definitive treatment for many intracranial aneurysms, but durable success depends on complete aneurysm exclusion while preserving physiological perfusion through the parent artery, branches, and perforators. Clip-induced stenosis or occlusion may be visually occult, particularly in deep operative corridors, complex bifurcations, calcified or atherosclerotic necks, and perforator-rich regions where minor calibre compromise can cause major neurological sequelae. Intraoperative microvascular Doppler ultrasonography (micro-Doppler) provides rapid, repeatable, and non-invasive functional assessment of local haemodynamics at surgeon-selected points, enabling immediate detection of flow loss, reduced signal intensity, altered pulsatility, and spectral changes consistent with focal narrowing or vessel compromise. This review synthesises contemporary evidence on micro-Doppler for intraoperative detection of stenosis during aneurysm surgery, emphasising mechanisms of haemodynamic inference, practical interrogation strategies (pre- and post-clipping comparison at proximal/distal parent segments, branch origins, and accessible perforators), diagnostic strengths and limitations, and integration into modern multimodal verification workflows. We contrast micro-Doppler with complementary adjuncts including fluorescence-based videoangiography, intraoperative catheter angiography, endoscopic inspection, electrophysiological monitoring, and emerging full-field flow imaging methods, highlighting scenarios where Doppler adds value despite line-of-sight constraints. Key challenges include operator dependence, insonation-angle variability, point-sampling limitations, and the absence of universally standardised intraoperative thresholds for actionable stenosis. Future directions include workflow standardisation, navigation-assisted repeatable sampling, and multimodal algorithms designed to reduce false reassurance and minimise ischaemic complications from clip-related vessel compromise.

Keywords

Cerebral aneurysm; microsurgical clipping; microvascular Doppler; intraoperative ultrasonography; clip-induced stenosis; vessel patency; intraoperative monitoring; indocyanine green videoangiography; digital subtraction angiography.


1. Introduction

The fundamental technical aim of intracranial aneurysm clipping is deceptively simple: exclude the aneurysm from the circulation while preserving physiological perfusion through the parent vessel, branching arteries, and perforators. In practice, this balance is frequently threatened by limited visualisation, aneurysm wall calcification or atherosclerosis, complex neck morphology, perforator adherence, and restricted operative corridors. Postoperative angiographic studies have long demonstrated that unexpected residual filling or parent/branch compromise may persist even after apparently satisfactory clip placement, and that reliance on microscopic inspection alone is insufficient to guarantee vascular integrity. Such uncertainty is amplified in patients with multiple intracranial aneurysms, where lesion prioritisation and the cumulative risk of vessel compromise increase the need for reliable intraoperative verification adjuncts (Regragui et al., 2024). The clinical consequence of clip-induced stenosis ranges from asymptomatic flow reduction to territorial infarction, perforator stroke, and delayed neurological deterioration, with risk shaped by collateral capacity, perforator end-artery territories, and physiological reserve. Given the broader clinical imperative to reduce stroke-related morbidity through earlier detection and risk stratification, verification-oriented intraoperative strategies that prevent clip-related flow compromise remain a pragmatic component of cerebrovascular safety (Abiodun & Wreford, 2023). Because aneurysmal subarachnoid haemorrhage commonly presents with abrupt headache, vomiting, and neurological decline, even transient intraoperative flow compromise may have high clinical stakes, reinforcing the rationale for rapid perfusion checks during clip optimisation (Tighare & Sharma, 2021).

Intraoperative assessment tools have therefore become central to modern aneurysm surgery. These include micro-Doppler ultrasonography, fluorescence-based angiography (notably indocyanine green), intraoperative catheter angiography, electrophysiological monitoring, and more recently endoscope-assisted inspection and optical full-field flow imaging. Micro-Doppler occupies a distinctive niche because it provides immediate, repeatable functional information at the point of concern, can be applied repeatedly during iterative clip adjustment, and does not require contrast injection or specialised angiography infrastructure. Early clinical series showed that micro-Doppler identifies clinically relevant stenosis or incomplete occlusion that escaped visual detection and frequently prompted clip repositioning (Stendel et al., 2000). Its ability to interrogate small vessels is also clinically important in perforator-sensitive aneurysms such as those involving the anterior choroidal artery (Shibata et al., 2000). Subsequent studies and reviews have reinforced its utility as a low-cost adjunct, while also clarifying technical limitations and interpretive pitfalls (Siasios et al., 2012; Heiroth et al., 2011).

Micro-Doppler’s role has evolved alongside the rise of fluorescence videoangiography, which offers intuitive visual confirmation of surface flow within the microscope’s field (Raabe et al., 2003; Raabe et al., 2005), while microvascular Doppler has continued to be applied as a rapid intraoperative check of parent and branch patency and clip adequacy (Marchese et al., 2005). Rather than rendering micro-Doppler obsolete, comparative work suggests complementarity: Doppler provides point-based haemodynamic interrogation (including in deeper or partially obscured segments), whereas fluorescence methods provide field-based visualisation limited by line-of-sight and illumination (Fischer et al., 2010). Recent innovation has further broadened intraoperative flow assessment, including neuronavigation-assisted Doppler approaches intended to stabilise insonation geometry (Malinova et al., 2015) and full-field optical techniques such as laser speckle contrast imaging that may complement Doppler by providing continuous wide-field flow maps (Dimanche et al., 2024). In complex aneurysm cases, semi-quantitative analysis of fluorescence sequences using FLOW 800 has been reported as a practical supplement to intraoperative ICG videoangiography for interpreting parent-artery and branch flow status after clipping, particularly when purely visual impressions are equivocal (Xue et al., 2021). Against this expanding background, a focused appraisal of micro-Doppler for intraoperative stenosis detection is timely.

1.1 Scope and objective

This review evaluates intraoperative micro-Doppler specifically for detection of clip-induced stenosis and related vessel compromise during microsurgical clipping of cerebral aneurysms. The objectives are to describe how stenosis is inferred from Doppler findings, appraise the clinical evidence supporting its use, position micro-Doppler within multimodal intraoperative assessment strategies, and identify limitations and future research priorities.

2. Methods for literature selection

A focused literature search was conducted in PubMed, Scopus, Web of Science, and Google Scholar for studies published from January 2000 through February 2026. Search strings combined terms relating to aneurysm surgery and Doppler monitoring, including: “intracranial aneurysm” AND (“micro-Doppler” OR “microvascular Doppler” OR “Doppler sonography” OR “intraoperative Doppler”) AND (“clipping” OR “clip placement” OR “stenosis” OR “vessel occlusion” OR “vessel patency”). Reference lists of key studies and reviews were screened to identify additional relevant publications. Inclusion criteria were clinical studies, technical reports, prospective or retrospective cohorts, and substantive reviews addressing intraoperative Doppler use in aneurysm surgery with relevance to vessel compromise, stenosis, or patency assessment. Exclusion criteria were non-neurosurgical applications, non-intraoperative Doppler contexts, and reports lacking sufficient methodological detail to support interpretation of intraoperative stenosis detection.

3. Micro-Doppler technology and the intraoperative concept of stenosis

Microvascular Doppler ultrasonography employs high-frequency probes designed for direct application to exposed cerebral vessels. The operating principle is measurement of frequency shifts produced by moving red blood cells, which is translated into an audible signal and a spectral waveform representing flow velocity distribution over time. In aneurysm surgery, the probe is typically applied to the parent artery proximal and distal to the clip, to major branches, and—where feasible—to perforators or vessels at risk of clip impingement. The conceptual target is not an angiographic diameter per se but a haemodynamic signature of compromised flow, recognising that clinically meaningful stenosis can occur without dramatic visual narrowing, and that partial compromise may be more difficult to identify than complete occlusion.

Stenosis detection with micro-Doppler is typically inferential and comparative. A common intraoperative approach is to establish baseline pre-clipping signals at planned insonation points and then repeat measurements after clip deployment, looking for abrupt reductions in signal intensity, changes in pulsatility, or alterations in the spectral envelope that imply disturbed flow. In the landmark clinical series by Stendel and colleagues, Doppler identified relevant adjacent-vessel stenosis induced by clip positioning that had escaped visual inspection and led to clip correction (Stendel et al., 2000). Similarly, in anterior choroidal artery aneurysm surgery—where even subtle compromise can produce profound deficits—micro-Doppler has been used to detect hypoperfusion and guide clip readjustment (Shibata et al., 2000). These patterns exemplify a pragmatic, patient- and lesion-specific definition of stenosis as any Doppler-detected compromise that is plausible, anatomically consistent, and correctable before closure.

At a technical level, several factors influence Doppler signals and complicate stenosis inference. Flow velocity readings vary with insonation angle and sampled segment, and cerebral vessels can exhibit dynamic changes related to temporary clipping, retraction, vasospasm, and anaesthetic physiology. Such effects are clinically relevant because permissive duration of temporary parent-vessel occlusion may be extended safely when guided by intraoperative neurophysiological alerts in selected complex aneurysm cases (Doron et al., 2022). These realities help explain why attempts to define universal numeric “normal values” are less useful than within-case comparison and multimodal corroboration. Neuronavigation-assisted micro-Doppler has been proposed as one method to reduce variability by stabilising probe positioning and insonation geometry, with the explicit aim of improving detection of subtotal vessel compromise that might otherwise be missed (Malinova et al., 2015).

4. Evidence base: micro-Doppler for intraoperative stenosis detection during aneurysm clipping

4.1 Early clinical experience and clip correction driven by Doppler findings

Modern evidence supporting micro-Doppler in aneurysm surgery was strongly shaped by studies showing that visually occult stenosis is not rare and is frequently actionable. In a substantial clinical series, micro-Doppler detected clip-induced stenosis of adjacent vessels that escaped microscopic inspection and led to intraoperative modification of the surgical strategy (Stendel et al., 2000). The practical significance of such findings is that detection occurs at the only time when harm can be reversed—before ischaemia becomes established and before postoperative imaging reveals an irreversible error.

Micro-Doppler’s relevance is heightened in anatomies where branches or perforators pass behind the neck or where clip blades may impinge on vessels outside the surgeon’s direct line-of-sight (Kapsalaki et al., 2008). The anterior choroidal artery is a paradigmatic example: it is small, often arises posteriorly from the internal carotid artery, and supplies eloquent end-artery territories. In this setting, microvascular Doppler sonography has been used to detect post-clipping hypoperfusion and prompt readjustment to preserve flow (Shibata et al., 2000). These experiences underscored a key clinical principle: in perforator-dependent territories, “minor” stenosis can have major consequences, and the threshold for action should be low when Doppler changes are consistent and anatomically plausible.

4.2 Integration with electrophysiological monitoring: complementary signals of compromise

While micro-Doppler provides local haemodynamic information, electrophysiological monitoring detects functional consequences of ischaemia along neural pathways. Comparative work has suggested that each modality has distinct strengths: Doppler can promptly detect local vessel compromise, whereas motor or somatosensory evoked potentials can reveal ischaemia that is distal, collateral-dependent, or otherwise not apparent from a single-point flow measurement. Consistent with this principle, a detailed contemporary protocol for unruptured aneurysm clipping incorporated routine microvascular Doppler ultrasonography alongside ICG angiography to confirm incomplete clipping or flow disturbance in the parent artery after clip application, positioning Doppler as a practical component of multimodal intraoperative safety checks (Park et al., 2021). Neuloh and Schramm compared modalities during aneurysm surgery and highlighted differential sensitivity to intraoperative events, supporting a multimodal strategy rather than exclusive reliance on any single tool (Neuloh & Schramm, 2004). More recent large cohort work in aneurysm microclipping suggests that combining fluorescence angiography with electrophysiological monitoring reduces false-negative detection of dangerous vessel compromise, a logic that readily extends to Doppler-inclusive multimodal protocols (Yin et al., 2023).

4.3 Micro-Doppler in the era of fluorescence angiography: persistence through complementarity

The introduction of microscope-integrated near-infrared fluorescence angiography fundamentally changed intraoperative flow assessment by providing intuitive visual confirmation of vessel patency and aneurysm exclusion (Raabe et al., 2003; Raabe et al., 2005). Yet, fluorescence methods are constrained by field-of-view, vessel illumination, and line-of-sight, and they may not fully capture deep or hidden branch compromise. Prospective comparative data indicate that fluorescence angiography and microvascular Doppler are best viewed as complementary. In a prospective study comparing near-infrared fluorescence angiography with microvascular Doppler, both were frequently useful, and each compensated for the other’s weaknesses, although postoperative angiography still detected a small number of residuals or occlusions (Fischer et al., 2010). The implication for stenosis detection is that Doppler remains valuable when visual angiography is limited by depth, obstruction by the aneurysm dome, or uncertainty about a focal segment adjacent to the clip.

Clinical reviews have therefore continued to position Doppler as a reliable, low-cost method for confirming flow in parent and adjacent vessels and detecting stenosis or occlusion, while emphasising its operator dependence and susceptibility to technical confounders (Heiroth et al., 2011; Siasios et al., 2012). Importantly, this continued relevance is increasingly seen within multimodal intraoperative decision-making rather than as a stand-alone replacement for angiography.

5. How micro-Doppler detects stenosis intraoperatively: interpretive framework and pitfalls

5.1 Practical intraoperative heuristics for stenosis detection

In routine use, the surgeon typically interrogates a vessel before clip placement, then repeats measurement after clipping at the same (or as close as feasible) point. A substantial reduction in signal, loss of a previously robust waveform, or a new high-resistance pattern raises suspicion of stenosis or occlusion. Supporting the wider concept that intraoperative flow reduction is clinically meaningful, quantitative intraoperative flow measurement has been associated with clip-related ischaemia risk, with marked reductions from baseline predicting adverse radiological and clinical outcomes and often prompting clip repositioning to restore flow (Van Lanen et al., 2020). The most clinically useful approach is often a structured comparison: proximal parent artery, distal parent artery, relevant branch points, and (when feasible) perforators. A mismatch—such as preserved proximal signal with marked distal reduction—supports a focal compromise at or near the clip. Conversely, diffuse changes across multiple sites may reflect systemic factors (blood pressure changes, vasospasm, temporary clip effects) rather than clip-induced focal stenosis.

The evidence base supports the notion that Doppler-detected abnormalities often drive clip revision. In the JNNP series, Doppler identified stenosis induced by clip positioning that had escaped detection by visual inspection and was corrected intraoperatively (Stendel et al., 2000). Similar corrective workflows are described across subsequent experiences, reinforcing Doppler as a “re-check” tool after any manoeuvre that could distort local anatomy, including clip closing, clip stacking, temporary clipping, or aneurysm dome manipulation.

5.2 Technical limitations that matter specifically for stenosis

Several limitations are particularly relevant to partial stenosis detection. First, insonation angle variability can change measured velocity independent of true flow changes; this is a major reason why neuronavigation-assisted approaches have been explored to improve repeatability when attempting to detect subtle compromise (Malinova et al., 2015). Second, Doppler provides point sampling rather than full-field information; a focal stenosis may be missed if the probe is not applied to the affected segment or if the compromised branch is not interrogated. Third, Doppler may not directly reveal whether a signal corresponds to the intended vessel in highly complex anatomy, especially when vessels are closely apposed. This is where correlation with anatomical inspection, endoscopic visualisation, or fluorescence angiography is important.

A further limitation is that stenosis is not solely a geometric phenomenon; it is dynamic and influenced by vasospasm, thrombosis, clip pressure, and vessel wall pathology. Duplex methods combining B-mode imaging with Doppler have been explored for intraoperative feasibility, but their role in fine perforator assessment remains constrained compared with microprobe Doppler (Heiroth et al., 2011). Consequently, the most robust intraoperative interpretation is typically multimodal: Doppler suggests haemodynamic compromise; fluorescence or angiography provides anatomical confirmation; and electrophysiology supports functional significance when signals change.

6. Comparative and multimodal strategies for intraoperative stenosis detection

6.1 Micro-Doppler versus indocyanine green videoangiography

Fluorescence angiography provides an intuitive visual map of perfused vessels and can identify residual aneurysm filling and obvious occlusions (Raabe et al., 2003; Raabe et al., 2005). Large retrospective observational data in ruptured aneurysm surgery suggest that routine ICG-VA adoption is associated with reduced vascular compromise–related procedural morbidity, reinforcing the clinical importance of intraoperative detection and immediate correction of vessel compromise—even when pre-fluorescence era workflows relied more heavily on micro-Doppler point interrogation (Tajsic et al., 2019). Its limitations are largely geometric: hidden branches behind the clip, deep segments shadowed by the aneurysm dome, and vessels outside the illuminated microscopic corridor. Micro-Doppler is less constrained by illumination and can interrogate deeper segments if they can be contacted safely, but it remains point-based and operator-dependent. Prospective evidence suggests that each method detects issues the other may miss and that routine combination improves intraoperative confidence, even though catheter angiography remains the most comprehensive standard (Fischer et al., 2010). From a stenosis perspective, Doppler may be particularly helpful when fluorescence suggests patency in the visible segment but there is concern about focal narrowing at a hidden clip tip or at a branch take-off point adjacent to the clip.

6.2 Micro-Doppler versus intraoperative catheter angiography

Intraoperative catheter angiography offers high-resolution multi-angle visualisation of vessel calibre and aneurysm exclusion but is invasive, resource-intensive, and not universally available. Micro-Doppler is comparatively inexpensive and fast, which facilitates frequent repeated assessments during iterative clip adjustment. However, Doppler cannot reliably provide an angiographic map and may not detect small residual necks in some scenarios. In a hybrid operating theatre workflow combining ICG videoangiography with intraoperative catheter angiography, additional angiography prompted clip adjustment in a notable subset of aneurysms and identified parent-vessel stenosis that had not resulted in immediate ischaemia, underscoring the value of angiographic confirmation when stenosis risk remains uncertain after local flow checks (Park et al., 2020). This gap explains why many centres pursue hierarchical strategies: Doppler and fluorescence for routine cases, with catheter angiography reserved for complex anatomy, high-risk locations, or unresolved intraoperative uncertainty. Contemporary hybrid operating room experiences continue to show the value of intraoperative angiography for detecting otherwise occult vessel injury or compromise, including issues related to temporary clipping that may appear insignificant under the microscope (Hendrix et al., 2025). 

6.3 Micro-Doppler with endoscopic inspection and modern optical flow imaging

Endoscope-assisted aneurysm surgery has been promoted to visualise “around corners,” revealing perforators or branch segments hidden from the microscope. In a technical note and case series using a microscope-integrated micro-inspection tool, micro-Doppler was used alongside fluorescence angiography and endoscopic inspection to confirm patency and guide clip decisions, including clip repositioning prompted by enhanced visualisation of concealed anatomy (Schebesch et al., 2020). In this multimodal context, Doppler contributes haemodynamic confirmation while endoscopy reduces the risk that Doppler is sampling the wrong structure or missing a hidden compromised branch. Tahhan and colleagues provide a broader synthesis of contemporary intraoperative cerebral blood flow monitoring technologies and emerging directions that contextualise micro-Doppler within a wider ecosystem of haemodynamic surveillance tools used in neurosurgery (Tahhan et al., 2022).

Emerging full-field optical flow methods such as laser speckle contrast imaging are increasingly investigated as complements to Doppler. In a prospective study comparing laser speckle contrast imaging with microvascular Doppler sonography during aneurysm procedures, agreement in assessing vessel patency was high, with laser speckle imaging offering continuous wide-field information and Doppler maintaining value for deeper regions not readily assessed optically (Dimanche et al., 2024). These developments suggest a future intraoperative workflow in which Doppler’s point measurements are embedded within a broader framework of field-based optical mapping and visual angiography.

7. Clinical scenarios where micro-Doppler is especially valuable for stenosis detection

7.1 Perforator-rich aneurysms and small-vessel territories

Perforator compromise is a central mechanism of postoperative deficits after clipping. The anterior choroidal artery exemplifies a high-stakes setting where even subtle flow reduction can produce severe neurological syndromes, and micro-Doppler has been used specifically to detect post-clipping hypoperfusion and drive clip adjustment (Shibata et al., 2000). Similar logic applies to perforators around the posterior communicating region, anterior communicating complex, and basilar apex, where microscopic views may be incomplete and small-calibre branches are easily compromised.

7.2 Complex clip constructs and clip stacking

Complex aneurysms frequently require multiple clips, fenestrated clips, or tandem constructs that increase the risk of mechanical distortion and unintended narrowing at branch origins. Micro-Doppler’s ability to be reapplied after each incremental clip change makes it suitable for these iterative workflows. It is particularly helpful when the surgeon suspects that a clip blade is impinging on a branch origin or when the aneurysm dome shift after clipping alters local geometry in a way that is not obvious under the microscope.

7.3 Workflow integration with preoperative planning and post-clipping verification

Recent advances in surgical planning, including three-dimensional clip selection and virtual simulation, increasingly incorporate intraoperative verification by micro-Doppler and fluorescence angiography to ensure that planned constructs do not create unrecognised stenosis (Schwandt et al., 2022). In parallel, computer-assisted preoperative modelling using reconstructed angiographic data has been explored to anticipate stenosis risk and perforator relationships, thereby shaping intraoperative vigilance and verification strategies (He et al., 2025). While these approaches are not Doppler-specific, they reinforce the broader movement toward structured, verification-driven clipping in which micro-Doppler remains a practical intraoperative “truth check” after clip deployment.

8. Future directions: towards standardised, multimodal stenosis detection

Despite decades of clinical use, micro-Doppler remains limited by operator dependence and the absence of widely accepted standards for what constitutes actionable stenosis across diverse aneurysm locations and physiologic conditions. Several directions appear particularly promising. First, improving measurement repeatability—through navigation assistance, probe stabilisation, and structured interrogation points—may increase sensitivity to subtotal compromise (Malinova et al., 2015). A recent systematic review and meta-analysis focusing on intraoperative ICG videoangiography combined with FLOW 800 reported pooled intraoperative detection of vessel stenosis/occlusion and consequent clip repositioning in a measurable proportion of cases, supporting a structured, multimodal verification workflow when subtle haemodynamic compromise is suspected (Turpo-Pequeña et al., 2026). Second, integration of Doppler findings into formal multimodal decision algorithms, combining fluorescence angiography, electrophysiology, and selective catheter angiography, may reduce false reassurance from any single method (Fischer et al., 2010; Yin et al., 2023). Third, pairing Doppler with endoscopic “look-behind” inspection may be especially valuable for stenosis risks at hidden clip tips or perforator origins (Schebesch et al., 2020). Finally, full-field optical methods such as laser speckle contrast imaging may augment Doppler by providing continuous wide-field context while Doppler continues to interrogate deep or targeted segments (Dimanche et al., 2024). These innovations collectively point toward a future in which intraoperative stenosis detection is both more objective and more comprehensive, while retaining the practical speed and accessibility that made micro-Doppler attractive in the first place.

9. Conclusions

Intraoperative micro-Doppler remains a clinically useful tool for detecting clip-induced stenosis and vessel compromise during cerebral aneurysm surgery. Its principal strengths are speed, repeatability, low invasiveness, and the ability to provide immediate haemodynamic feedback at specific vessels of concern, often revealing stenosis that is not apparent on visual inspection. The accumulated evidence indicates that micro-Doppler frequently influences intraoperative decision-making through clip repositioning or construct refinement, particularly in perforator-rich or anatomically constrained scenarios. In contemporary practice, micro-Doppler is best viewed as part of a multimodal verification strategy, complementing fluorescence angiography, selective catheter angiography, and functional monitoring. Continued technical refinement and standardised workflows are likely to increase its reliability for detecting subtle stenosis, while emerging full-field flow imaging methods may further strengthen intraoperative vascular safety.

10. Limitations

This review is limited by heterogeneity in study designs, aneurysm locations, definitions of stenosis, and intraoperative workflows across the literature. Many reports are single-centre experiences influenced by local practice patterns and adjunct availability. Publication bias may favour studies reporting successful intraoperative corrections, and the evidence base includes both older foundational work and newer multimodal studies that may not be directly comparable. Finally, the absence of universally adopted quantitative thresholds for stenosis in micro-Doppler monitoring constrains synthesis and underscores the need for further standardisation and prospective validation.
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