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Background: Video head impulse tests (vHITs), assessing the vestibulo-ocular reflex (VOR), may be helpful in the differential diagnosis of acute dizziness. We aimed to investigate vHITs in patients with acute posterior circulation stroke (PCS) to examine whether these findings could exhibit significant abnormalities based on lesion locations, and to evaluate diagnostic value of vHIT in differentiating dizziness between PCS and vestibular neuritis (VN).

Methods: We prospectively recruited consecutive 80 patients with acute PCS and analyzed vHIT findings according to the presence of dorsal brainstem stroke (DBS). We also compared vHIT findings between PCS patients with dizziness and a previously studied VN group (n = 29). Receiver operating characteristic (ROC) analysis was performed to assess the performance of VOR gain and its asymmetry in distinguishing dizziness between PCS and VN.

Results: Patients with PCS underwent vHIT within a median of 2 days from stroke onset. Mean horizontal VOR gain was 0.97, and there was no significant difference between PCS patients with DBS (n = 15) and without (n = 65). None exhibited pathologic overt corrective saccades. When comparing the PCS group with dizziness (n = 40) to the VN group (n = 29), patients with VN demonstrated significantly lower mean VOR gains in the ipsilesional horizontal canals (1.00 vs. 0.57, p < 0.001). VOR gain and their asymmetry effectively differentiated dizziness in the PCS from VN groups, with an area under the ROC curve of 0.86 (95% CI 0.74–0.98) and 0.91 (95% CI 0.83–0.99, p < 0.001), respectively.

Conclusion: Significantly abnormal vHIT results were rare in patients with acute PCS, even in the presence of DBS. Moreover, vHIT effectively differentiated dizziness between PCS and VN, highlighting its potential for aiding differential diagnosis of acute dizziness.
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Introduction

Fast and accurate diagnosis of stroke among patients presenting with acute dizziness is important. Stroke as a central cause of acute vestibular syndrome can be distinguished from peripheral causes using the bedside HINTS (head impulse test, nystagmus, test of skew) examination (1, 2). Especially, the head impulse test (HIT), which evaluates the vestibulo-ocular reflex (VOR), has been suggested as the best stroke predictor because an intact VOR during HIT may outperform even magnetic resonance imaging (MRI) in differentiating central from peripheral causes of acute vestibular syndrome (3, 4). However, bedside HIT may be technically demanding to non-experts, with interpretation varying across clinicians in the emergency department (5). Accordingly, the use of video head impulse test (vHIT), which can easily and objectively measure VOR, has been suggested as an “ECG for the eyes” and has showed promising results (1).

Decreases in VOR gain and subsequent catch-up saccades develop after damages to the peripheral vestibular system with disruption of vestibular input signals (6, 7). The VOR is mediated by various parts of the dorsal brainstem, which includes central structures, such as the medial longitudinal fasciculus (MLF) and the nuclei of the cranial nerves III, IV, and VI (8). Central lesions affecting these structures can also induce VOR impairment (9). Recent studies that evaluated HITs with magnetic search coils or video-based techniques have reported frequent VOR abnormalities in patients with central vestibular disorders (8, 10). These findings raise questions on whether vHIT can be used as a screening tool to differentiate between central and peripheral causes of acute dizziness in clinical settings.

In this prospective study, we aimed to investigate the vHITs in consecutive patients with acute posterior circulation stroke (PCS). First, we determined whether these findings could show significant abnormalities according to the presence of dorsal brainstem stroke (DBS). Additionally, we evaluated whether VOR gains in patients with DBS differ along the longitudinal axis of brainstem (i.e., midbrain vs. pons vs. medulla), because the vestibular pathway spreads out and becomes sparse as it ascends from the caudal to the rostral part. Finally, we evaluated the diagnostic value of vHITs in the differential diagnosis of dizziness between PCS and acute vestibular neuritis (VN).



Materials and methods


Patient selection

Of the consecutive patients who were admitted to the stroke unit of Asan Medical Center (Seoul, South Korea) between July 2021 and April 2022, we prospectively recruited those affected by acute PCS (within 24 h of stroke onset) with mild neurologic deficits [National Institutes of Health Stroke Scale (NIHSS) score ≤ 7] (11). Because we aimed to comprehensively analyze vHIT results in acute stroke patients with lesions in the posterior circulation territory, we included patients regardless of the presence of acute dizziness. We excluded individuals with concomitant acute lesions in the anterior circulation, as well as those exhibiting altered mental status (characterized by disorientation, confusion, or diagnosed loss of consciousness by neurologists), and those with active systemic diseases (such as infection or active cancer) (12). These exclusions were implemented due to the potential for compromised cooperation and safety concerns during the testing procedure. The included patients underwent vHIT after the stabilization of neurologic symptoms, which were defined at the discretion of attending physicians.

We also reviewed patients with VN diagnosed in our institution between March 2014 and December 2014 as the control group (13). These patients were enrolled in a randomized controlled 98 trial and prospectively underwent vHIT (13). Patients with VN were included as following criteria: (1) presenting with acute persistent vertigo with unidirectional nystagmus without hearing loss of middle ear pathology on clinical examination, (2) had undergone both vHIT and caloric test finding (abnormal finding: canal paresis ≥ 20%), (3) and no central vestibular diseases from neurological examination or magnetic resonance imaging (13). The study protocol was approved by the local ethics committee (IRB approval number: 2021-0901), and all patients provided written informed consent.



Clinical and imaging assessments

Demographic information and risk factors, along with the chief symptom of acute dizziness were obtained at admission. The symptoms of acute dizziness were defined as follows: (1) vertigo, which is an illusion of movement, either of the person or the visual surrounding, (2) dysequilibrium without vertigo, (3) presyncope (near-faint), and (4) psychophysiological dizziness, which is often associated with anxiety and panic (14). Examinations were conducted by an experienced neurologist. The cause of stroke was categorized according to the Trial of Org 10,172 in Acute Stroke Treatment (TOAST) classification (15). Neurological deficit caused by stroke was evaluated based on the NIHSS score at admission.

All patients underwent MRI using a 3.0-T Philips scanner (Philips Healthcare, Eindhoven, Netherlands) that included diffusion-weighted imaging and MR angiography. The locations of acute lesions were evaluated using diffusion-weighted imaging and classified as follows: cerebellar [superior cerebellar, anterior inferior cerebellar, and posterior inferior cerebellar (PICA) artery territory], medulla oblongata, pons, midbrain, thalamus, and medial tempo-occipital areas. If a patient had ischemic lesions in more than one location, each location was classified as a separate location variable; thus, a single patient could have multiple values for the location of stroke lesions. DBS was defined as the presence of lesions in the dorsal medulla oblongata or tegmentum of the midbrain and pons, which are related to the central vestibular pathway (16). If a patient had DBS, they were categorized into the DBS group irrespective of the presence of lesions outside of the dorsal brainstem area. Lesion locations were consensually determined by two stroke experts (SH Ha and E.-J Lee) who were blinded to clinical information.



Video head impulse test

Recording of the head and eye movements were conducted using vHIT (SLVNG, SLMED, Seoul, South Korea) for PCS patients and ICS Impulse 3-D vHIT system (GN Otometrics, Taastrup, Denmark) for VN patients. Despite the variation in the machines and examiners, the procedures adhered to the protocol established by our institution. The subjects were seated in a height-adjustable chair which allowed the examiner to adjust the height of each subject’s head to an optimal level for the examination. After calibration, an experienced well-trained technician delivered repetitive passive and rapid head rotations (head rotation: 10°–15°, peak velocity:150°/s–250°/s, duration 150–200 ms) in horizontal and vertical canals with minimum of 10 times in each plane. The device records head and eye velocity traces. VOR gain values were derived by calculating the ratio of the area under the eye velocity curve with respect to the area under the head velocity curve. To reduce artifacts, peak velocities were maintained above 150°/s, and trace oscillations during head movement, pseudo-saccades (blinks), head-motion artifacts, and other tracking errors were excluded from the analysis. Also, neurological saccadic eye movements may interfere with the interpretation of vHIT data. Therefore, if a patient was not cooperative enough to reliably undergo the test, the result was recorded as not applicable (17).

Abnormal VOR gain was defined as a lateral gain <0.8 for lateral canals and a posterior/anterior gain < 0.7 for anterior and posterior canals (5, 18). Gain asymmetry (GA) was evaluated in the plane of the lateral semicircular canal and calculated using a general formula analogous to the formula for caloric canal paresis:
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where Gc is the vHIT gain for head impulses exciting the contralateral canal and Gi is the vHIT gain for head impulses exciting the ipsilateral canal (18). Corrective saccades were classified as covert or overt if they occurred before or after the end of the head movement, respectively (19). When comparing between VN and PCS patients, VOR gain was calculated based on the side of the lesion, specifically ipsilesional and contralesional. The definition of ipsilesional VOR gain in stroke patients was derived by considering the direction of the diminished VOR gain value.



Statistical analysis

Clinical characteristics and vHIT findings were compared in patients with PCS according to the presence of DBS. Also, VOR gains were compared in patients with DBS according to the caudal-to-rostral distribution (i.e., medulla, pons, and midbrain). Furthermore, we analyzed vHIT findings between PCS with acute dizziness and VN groups. Fisher’s exact test was used to analyze categorical variables, and Student’s t-test or the Mann–Whitney U-test was used to analyze continuous variables, as appropriate.

To evaluate the diagnostic performance of vHIT, we conducted receiver operating characteristic (ROC) analysis for VOR gain and VOR gain asymmetry to ascertain sensitivity and specificity, as well as to identify the optimal threshold values. The IBM SPSS Statistics software, version 21.0 (IBM Corp., Armonk, NY, United States) was used for all analyses. A value of p < 0.05 was considered statistically significant.




Results


Baseline characteristics

During the study period, a total of 232 patients with acute PCS were admitted to our center, and 80 (34.5%) patients satisfied the inclusion criteria (Figure 1). The mean age was 65 ± 13 years, 57 (71.3%) patients were men, and the median initial NIHSS score was 2 [interquartile range (IQR), 0–3; Table 1]. Among them, 40 (50.0%) patients had the symptom of acute dizziness. The most common lesion location was posterior inferior cerebellar arterial territory (35.8%), while multiple lesions were observed in 24 (30.0%) patients. All patients were confirmed as stroke with MRI conducted within 24 h following the symptom onset.

[image: Figure 1]

FIGURE 1
 Study flow chart. NIHSS indicates National Institutes of Health Stroke Scale.




TABLE 1 Baseline characteristics of PCS patients.
[image: Table1]

DBS was observed in 15 (18.8%) patients. The most common lesion location was the midbrain (n = 5; 33.3%), followed by the medulla oblongata (n = 4; 26.7%). Demographic and risk factors were not significantly different between patients with and without DBS except for hyperlipidemia (12 [80.0%] vs. 29 [44.6%]; p = 0.013) and the symptoms of acute dizziness (12 [80.0%] vs. 28 [43.1%]; p = 0.01), which were more common in patients with DBS.



Examination and vHIT findings

Skew deviation was detected in 6 patients (7.5%), while extraocular movement limitation was observed in 3 patients (3.8%). Both findings were notably more prevalent in patients with dorsal brainstem (DBS) involvement (Table 2). None of the individuals displayed abnormal bedside head impulse test results with naked eyes. The mean horizontal VOR gain was 0.99 ± 0.12, with no significant distinction between patients with and without DBS (0.99 ± 0.11 vs. 1.00 ± 0.11, p = 0.930). Comparable mean VOR gains were evident across all tested canals.



TABLE 2 Examination and vHIT findings in patients with PCS according to the presence of dorsal brainstem stroke.
[image: Table2]

Abnormal VOR gain (0.70) in the right horizontal canal was identified in only one patient who had lesions in the vicinity of the MLF. Remarkably, this patient also presented with dysarthria, right-sided weakness, ataxia, and dizziness (Supplementary Table S1). Among the remaining 14 patients, VOR gains were not significantly abnormal even in patients who exhibited clinical symptoms of diplopia or neurological signs related to eye movements (e.g., internuclear ophthalmoplegia) or those with lesions near the central vestibular pathway (e.g., medial vestibular nucleus, vestibular nucleus, nucleus prepositus hypoglossi, and MLF). Regarding pathologic corrective saccades, overt saccades were absent in all cases. However, one patient who exhibited an abnormal VOR gain of 0.70 in the right horizontal canal demonstrated covert saccades.

Finally, we evaluated whether VOR gains differed among patients with DBS according to the rostrocaudal axis of lesion distribution. Five patients had midbrain lesions, whereas six and four patients had pontine and medullary lesions, respectively. Three patients had multiple lesion locations [two patients with pontine and cerebellar (PICA) lesions; one patient with medullary and cerebellar (PICA) lesions]. We found that VOR gains were similar for the midbrain, pons, and medulla groups (Supplementary Table S2), showing that VOR gains were not significantly different throughout the rostrocaudal axis of lesion distribution.



Comparison between PCS with acute dizziness and VN

We extended our investigation to assess the diagnostic efficacy of vHIT in differentiating dizziness between PCS and VN. This analysis included only PCS patients with dizziness symptoms (n = 40). We then compared the vHIT results of these individuals with those of VN patients (n = 29) who had been previously examined at our institution. Of the VN patients, 27 (93.1%) underwent MRI confirming the absence of acute stroke lesions, while the remaining two showed significant unilateral vestibular hypofunction confirmed by caloric testing, without other neurological deficits suggestive of stroke. Patients with PCS exhibited vascular risk factors more often than those with VN (Table 3).



TABLE 3 Comparison baseline characteristics between PCS with acute dizziness and VN groups.
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Clinically, the VN group displayed a higher incidence of spontaneous nystagmus and abnormal head impulse test results, while the PCS group exhibited skew deviation and restricted extraocular muscle movement (Table 4). In both groups, vHITs were conducted within a median of 2 days after symptom onset. Mean ipsilesional VOR gains were significantly lower across the assessed canals in the VN group compared to the PCS group. Furthermore, the percentage of patients displaying vHIT results with abnormal gain and VOR gain asymmetry was significantly higher in the VN group.



TABLE 4 Examination and vHIT Findings in PCS Patients with acute dizziness and those with VN.
[image: Table4]

Based on the ROC curves, VOR gain exhibited a sensitivity was 85.0% and specificity was 86.2% at cutoff values of 0.93, with an area under the curve (AUC) of 0.86 (95% CI 0.74–0.98, p < 0.001). Furthermore, VOR asymmetry displayed a sensitivity of 79.3% and specificity of 80.0% at a cutoff value of 6.1%, resulting in an AUC of 0.91 (95% CI 0.83–0.99, p < 0.001) (Figure 2).




Discussion

In the present study, we prospectively investigated vHITs in patients with acute PCS within 24 h of symptom onset. VOR gains were not significantly affected in these patients, and they did not differ between the patients with and without DBS. Pathologic overt corrective saccades were absent in these patients, with only one individual exhibiting covert corrective saccades. Moreover, VOR gains as well as their asymmetry were effectively differentiated dizziness between PCS and VN. These findings underscore the potential value of vHIT as a diagnostic tool for acute dizziness.

Remarkably, when prospectively administered to acute PCS patients with mild symptoms, vHIT yielded infrequent significant abnormalities. Significant asymmetry and unidirectional corrective saccades are prominent in patients with VN (20, 21); thus, abnormal HIT findings have been suggested as an important sign to rule out central causes. However, the examination process per se may be technically demanding to non-experts, which decreases the clinical utility of this examination. Consequently, despite the high screening efficacy of the HINTs exam in excluding stroke, many emergency room physicians tend to place considerable reliance on costly imaging procedures like DWI (22). vHIT and its relevant application can serve as a valuable diagnostic approach, augmenting the objective measurement of VOR and supporting the HINTs exam (20). However, it has been untested prospectively whether vHIT findings are actually useful in patients with normal in terms of overt corrective saccades in patients with central causes of acute dizziness. In this regard, our results are notable and provide evidence for the concept of using vHIT as an ECG for the eyes in the emergency department. The clinical usefulness of vHIT will be further verified in the ongoing AVERT clinical trial (NCT02483429).

One patient with DBS presented pathologic covert corrective saccades and significantly decreased VOR gains. Lesions involving central VOR pathways may have affected the results in this patient. This finding is in line with several previous studies that showed unilaterally or bilaterally reduced VOR gains in patients with lesions involving the vestibular nucleus, nucleus prepositus hypoglossi, MLF, flocculus (8, 23), dorsolateral medulla, or cerebellar vermis (24). However, the degree of VOR decrease in patients with PCS was only modest in our case (0.70 for the right horizontal canal), as well as in the cited studies (0.88 ± 0.28) (24). Also, the degree of catch-up saccades in patients with stroke was much smaller than that of patients with VN (9, 25, 26). It should also be noted that the patient exhibited not only dizziness but also other stroke symptoms, such as dysarthria and right-sided weakness. Therefore, the diagnosis should be confirmed using other neurological examinations.

In terms of diagnostic performance, vHIT findings demonstrated remarkable success in distinguishing dizziness between VN and PCS. VOR gains and their asymmetry exhibited effectiveness in discerning the etiology of acute dizziness. The performance is comparable to or even surpasses results reported in previous studies (27, 28). These findings imply that VOR gains during vHIT and related parameters may offer valuable diagnostic insights into acute dizziness differentiation. These discoveries warrant validation in subsequent research and clinical application.

The rarity of pathologic vHIT findings even in patients with DBS with MLF lesions warrants further discussion. First, because the central VOR pathway ascends and spreads out bilaterally in the MLF from the medial vestibular nucleus (29), a focal lesion in this pathway may not materially affect the overall VOR process. Given the similar degrees of VOR gains for stroke lesions along the rostrocaudal axis of the brainstem, spreading of the VOR pathway may occur immediately after the vestibular nucleus and may change not substantially thereafter. As discussed above, patients with a considerable MLF lesion may present abnormal findings; however, the degree of vHIT abnormalities in these patients appeared to be modest. Second, vHIT may not be sensitive enough to detect subtle VOR changes in patients with stroke. Compared to search coils, vHIT is susceptible to recording artifacts and is less sensitive (30, 31). In the present study, if we had examined patients using magnetic search coils, abnormal VOR findings may have been detected. However, for a screening tool, being appropriately sensitive may be more helpful to distinguish between central and peripheral causes of acute dizziness, rather than being too sensitive. Moreover, patient discomfort associated with magnetic search coils presents another drawback in their role as a screening tool.

The strength of this study is its prospective design to systemically evaluate patients with PCS regardless of acute dizziness and the inclusion of supra/infratentorial ischemic lesions, such as those in the thalamus and midbrain. Most previous studies have focused on patients with acute dizziness and infratentorial lesions (32); however, dizziness is a vague symptom in patients with acute stroke and may even be present in those with supratentorial lesions (33, 34). Accordingly, several patients with supratentorial lesions [temporo-occipital area (n = 5, 16.1%), thalamus (n = 2, 6.5%), and midbrain (n = 2, 6.5%)] in the present study also had acute dizziness. For using vHIT as a screening tool in patients with acute vestibular syndrome, vHIT data must be collected from both stroke patients with infratentorial lesions and those with supratentorial lesions. Therefore, our results increase the applicability of vHIT for ruling out stroke in clinical practice.

Several limitations should be noted. First, we only included stroke patients with mild neurologic deficits (NIHSS score ≤ 7) for safety reasons, which may have led to the underestimation of the degree of VOR impairment in patients with stroke. However, patients who may mainly benefit from vHIT in the emergency department are those with mild neurologic deficits (e.g., only dizziness). Second, the interval between symptom onset to vHIT was a median of 2 days, and this delay may have affected the results reflecting acute situations in the emergency department (24). This was unavoidable as we tried to include all patients with PCS regardless of acute dizziness, as numerous patients with acute stroke require stabilization to safely undergo vHIT. Thus, we cannot negate the possibility of early abnormal vHIT findings that had normalized prior to vHIT. Moreover, half of the patients with acute strokes visit the emergency department after 24 h of symptom onset (35), and these patients are less likely to have severe strokes as they were brought to the emergency department. Considering that vHIT may be particularly useful in patients with mild stroke, our results still merit attention and should be considered clinically meaningful. Third, not all consecutive patients treated at our center were included for various reasons (Figure 1), which could have led to selection bias. Thus, our results should be interpreted with caution. Fourth, this study was performed at a single center, which limits the generalizability of its results. Specifically, the sample size for assessing lesion distribution in terms of VOR gains may not have been sufficient for conducting a statistically meaningful analysis. Finally, it should also be noted that the VN control group was not recruited in a prospective manner. Consequently, two out of 29 (6.9%) patients with VN did not undergo MRI to rule out stroke diagnosis, and the VN and PCS groups utilized different vHIT devices, despite adhering to the same protocol within the same institution.

Nevertheless, we found that vHITs in patients with acute PCS rarely show abnormal findings even in those with DBS. Importantly, we did not find pathologic overt corrective saccades in any studied patient with acute PCS; only one patient with DBS showed abnormal vHIT findings, such as covert corrective saccades and decreased VOR gains with a modest degree of abnormalities. Moreover, additional vHIT variables, such as VOR gains and their asymmetry, effectively distinguished dizziness between PCS and VN patients (Figure 2). These findings support the concept of using vHIT as a screening tool to differentiate between central and peripheral causes of acute dizziness in clinical settings.

[image: Figure 2]

FIGURE 2
 ROC analysis for VOR gain (ipsilateral) and gain asymmetry for separating VN from PCS. The sensitivity was 85.0% and specificity was 86.2% at cutoff values of 0.93 for VOR gain with an AUC of 0.86 (95% CI 0.74–0.98). Also, the sensitivity was 79.3% and specificity was 80.0% at a cutoff value of 6.1 for VOR asymmetry with an AUC of 0.91 (95% CI 0.83–0.99). AUC, area under the curve; PCS, posterior circulation stroke; ROC, receiver operating characteristics; VN, vestibular neuritis; VOR, vestibulo-ocular reflex.
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