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Presentation Notes
This study seeks to improve patient outcomes in acute dizziness/vertigo by translating recent advances in vestibular physiology to clinical practice. The primary objective is decreased 90-day risk of disability or death from major stroke in patients initially presenting with acute vestibular syndrome.Dizziness/vertigo leads to 4 million US emergency department (ED) visits annually at a cost of $4 billion. Hundreds of millions of dollars are spent on neuroimaging (~$500 million CT, ~$100 million MRI) trying to detect the ~5% of patients who have potentially life-threatening posterior fossa strokes causing their dizziness―yet, despite these efforts, it is estimated that up to one-third of these ‘dizzy’ strokes are still missed. We have developed a new diagnostic approach relying on rapid bedside eye movement assessment that is more sensitive than MRI for diagnosing posterior circulation stroke in the first 48 hours after onset of acute, continuous dizziness (those at highest risk for stroke). A non-invasive, portable video-oculography (VOG) device measuring these eye movements could transform clinical diagnosis for these patients in the ED. The VOG device has proven measurement validity, and preliminary clinical studies have demonstrated logistical feasibility in the ED and excellent diagnostic accuracy. The VOG diagnostic approach is now ready to be tested for utility and impact on clinical outcomes. Improved diagnosis of posterior circulation strokes would enable early treatment and secondary prevention, thereby improving patient outcomes. Furthermore, such a tool could be used to assist in early detection of posterior circulation strokes for other treatment trials.The proposed ADVICE trial requires a very large screening and participant ‘n’ that would be difficult to achieve in a timely fashion without a robust research network such as NETT. The trial’s focus on ED diagnosis and management is aligned with NETT’s mission to emphasize ED-based interventions that improve outcomes for patients with neurologic emergencies. Emergency physicians rate rules for when to image patients with dizziness/vertigo a top priority in adult emergency medicine. Implementing the new diagnostic approach nationwide could reduce morbidity and save an estimated $1 billion annually in the US (by reducing unnecessary imaging and admissions for patients with clear inner ear causes).We propose the ADVISER trial (Acute Dizziness Video-oculography for Impact on Stroke in the Emergency Room), a multicenter, randomized, controlled clinical trial of standard care versus VOG-enhanced care to improve outcomes for patients presenting to the ED with a chief symptom of dizziness, vertigo, or acute imbalance. We will recruit ~3,000 adults with acute, continuous dizziness through the NETT network. Trained study personnel will perform diagnostic VOG on all subjects, who will then be randomized to standard vs. VOG-enhanced care. In the VOG arm, ED physicians will receive a VOG report including an automated stroke risk calculation using evidence-based rules. We will assess the impact of VOG on patient outcomes (risk of major stroke, moderate disability, or death at 90 days); secondary outcomes will include ED diagnostic accuracy, resource utilization (including length of stay), and cost-effectiveness of diagnosis, as well as clinical outcomes for patients with benign vestibular disorders (e.g., falls, symptom severity).1.List Inclusion Criteriaadult patient (≥18 years) presenting a chief symptom of dizziness, vertigo, or acute imbalance/ataxia who has continuous symptoms lasting ≥1 hour plus pathological spontaneous or gaze-evoked nystagmus on exam 2.List Exclusion CriteriaAcute head trauma/critical illness; unsafe (e.g., cervical injury) or unable (e.g., delirium) to fully participate in VOG exam; NIH stroke scale score >0Study personnel will conduct active (search of electronic ED complaint logs) and passive surveillance (notification by ED personnel) for potentially eligible ED patients. Patients will be approached under a HIPAA waiver for screening. Those with continuous symptoms for more than an hour, still present at the time of enrollment, will undergo a rapid NIH stroke scale assessment and initial screen for nystagmus using the VOG device (oral consent only). If the patient is eligible, they will be offered enrollment (written consent).Patients will be offered enrollment using a standard written consent procedure. The testing itself involves minimal risk, identical to that in routine specialty care (neuro-otologic exam). Use of the device for diagnostic decision-making carries the risk of misdiagnosis and associated harms, although these risks are anticipated to be lower than those encountered in routine ED care. The use of the device to support ED physician diagnostic decision making is currently under formal review by FDA. Although they have indicated it is likely that no investigational device exemption (IDE) will be required, we are prepared to submit an IDE as necessary.In the intervention arm, an automatically-generated, 1-page VOG interpretation summary with stroke risk calculation will be provided to ED physicians at the point of care (in paper form or via a secure internet website). The report will be generated by rule-based decision logic embedded in the electronic data collection tool. Research personnel will enter key VOG results into the tool, generating a patient-specific diagnostic summary. We will append the VOG raw data outputs. In the control arm, no summary will be generated.90-day phone follow-up (~20 min) will repeat acute measures of symptom severity (Vertigo Symptom Scale, Short Form [VSS-SF]) and overall health status (SF-12), then add measures of chronic disability for dizziness (Dizziness Handicap Inventory, Screening [DHI-S]) and stroke (Modified Rankin Scale, Structured Interview [mRS-SI]). It will also include a query for falls, hospitalizations, neuroimaging, and dizziness or stroke-related visits and new diagnoses. In patients lost to follow-up, we will search for 90-day deaths using the National Death Index (searches will be deliberately postponed due to a known lag in posting to the NDI).1.Primary Outcome:The powering endpoint is the proportion of enrolled patients with 90-day mRS > 0. Across the two arms (standard vs. VOG-enhanced care) we will also compare diagnostic accuracy (stroke sensitivity/specificity), acute stroke treatments applied, mean number of CT and MRI scans per patient, rate of hospitalization, all vascular events, mean Rankin disability, and all-cause mortality. Endpoints will all be determined at 90-days, consonant with the standard window for stroke outcomes studies and the high-risk window for patients erroneously discharged with a benign dizziness diagnosis to return to ED or hospital with a stroke.
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Background 
Dizziness Common, Tricky, High-Stakes 

 ~4 million ED visits/yr US for dizziness  
 (at a total ED cost of $4 billion annually) 

 ~4-6% have CVA (~160-240,000/yr)  
 (ischemia of lat. brainstem & inferior cerebellum) 

 ~35% are missed (~35-50,000/yr) 
 (versus 4% for those with motor symptoms) 

 up to 40% adverse outcomes (~~15-20,000/yr) 
 (disproportionately affecting those <50yo) 



Background 
Imaging Overuse and Practice Variation 
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Kerber et al., 2010 

Kim et al., 2011 

Total Cost $4 Billion/yr in US EDs 
another $5 Billion/yr for admissions 

~$1 Billion/yr ‘wasted’ (CT/admit) 



Background 
Missed Stroke in “Benign” Dizziness 

Kim et al., 2010 

Rate of return to Hospital with a Stroke or Heart Attack after being 
sent home from ED with “Benign Dizziness or Inner Ear Problems” 

California OSHPD database analysis 

heart attacks (rate of return is a flat ‘base rate’) 

strokes (rate of readmission peaks early on) 

minor strokes initially misdiagnosed as ‘benign dizziness’ 
returning with major stroke (~26,000 per year in the US) 

95% confidence intervals 

#1 Requested Adult EM Decision Rule 
Eagles et al., 2008 
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KIM (0.63% x 4.135M visits projected 2013)The 180-day cumulative incidence of a major vascular eventor death was 0.93% (95% CI 0.83% to 1.04%). Thecorresponding cumulative incidence of cardiovascular eventswas 0.32% (95% CI 0.26% to 0.38%). For cerebrovascularevents, the cumulative incidence was 0.63% (95% CI 0.55% to0.72%) (Figure 1). However, the incidence rate for adverseevents was not constant during the follow-up period. Forcerebrovascular events, the incidence rate was highest in the firstmonth (30.2 [24.4 to 37.0] per 10,000 person-months) andthen decreased during the study period to 6.5 (5.3 to 8.0) eventsper 10,000 person-months) thereafter (Figure 2). In contrast,the incidence rate of cardiovascular events was relatively stablethroughout the follow-up period (9.0 [6.0 to 13.0] versus 10.6[8.2 to 13.3] per 10,000 person-months).
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Background 
Acute Vestibular Syndrome 

 acute, continuous dizziness, vertigo, or gait 
ataxia lasting days to weeks with nausea or 
vomiting, head motion discomfort, nystagmus 
 ~75% peripheral (vestibular neuritis/labyrinthitis) 
 ~25% central (80% stroke, almost all ischemic) 

 ~10-20% of all ED dizziness, ~80-90% of strokes 
 ~80% no focal neurologic signs (‘isolated’ AVS) 
 fraction of isolated AVS with stroke ~20% 

Presenter
Presentation Notes
Tarnutzer, 2011: Epidemiology and differential diagnosis of AVSFew studies have formally investigated the epidemiology of AVS or VN, the clinical disorder believed to be its most common cause (with an estimated annual incidence of 3.5 per 100,000 population based on a single retrospective survey of neuro-otology clinics in Japan).21 From a German general population survey, 11% of those reporting dizziness complained of symptom duration greater than a day.4 Data from a US-based study of consecutive ED patients with dizziness22 indicate that, of patients with any dizziness in the 24 hours prior to their ED visit, 27% (n=47/175) still had dizziness in the ED that had not remitted since it began (Newman-Toker, unpublished). Data from a nationally-representative sample of US EDs indicate that P-AVS is diagnosed in about 6% of visits for dizziness/vertigo, corresponding to ~150,000 US ED visits per year, while another 4% receive a cerebrovascular diagnosis and 22% leave with no etiologic diagnosis (i.e., diagnosed with “dizziness or vertigo”), some of whom presumably presented with AVS symptoms.2,15 Thus, it is likely that ~10-20% of patients presenting with acute dizziness have AVS, corresponding to an estimated 250-500,000 ED visits per year in the US alone. Therefore it is not possible to make a definitive statement about the prevalence of VN or stroke among AVS presentations to the ED. Nevertheless, considering the incidence of AVS calculated above (~250-500,000/yr US) and the estimated frequency of posterior fossa stroke presenting with dizziness (~70-100,000 calculated as ~50-70% [frequency of dizziness in posterior fossa stroke]18,23 of ~18% [proportion of strokes located in the posterior fossa]24 of 795,000 strokes/year US25) we estimate the true fraction of stroke in AVS to be approximately 25 ±10%. 



3 bedside oculomotor findings: H.I.N.T.S. 

Test of Skew Nystagmus Head Impulse 



HIT alone 
HINTS 

HINTS 'plus' 

MRI <24hr 

CT <24hr 
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1 - Specificity (False Positive Rate) 

ROC Analysis: Expert HINTS vs. Neuroimaging for 
Stroke in Acute, Continuous Dizziness/Vertigo 

HINTS
Neuroimaging
Reference

ROC for Any Central Cause (n=190) 
HINTS AUC 0.995 



Background 
H.I.N.T.S. vs. MRI within 48hrs of Onset 

HINTS – any one of the three bedside oculomotor 
findings predict stroke with pooled… 

 sensitivity 99.2%, specificity of 97.0% 
 negative likelihood ratio (NLR) “rule out power” 

of HINTS vs. acute brain MRI DWI <24-48 hrs  
 

HINTS bedside NLR 0.01 (95% CI 0.00–0.06) 
Acute MRI DWI  NLR  0.21 (95% CI 0.16-0.26) 

If the patient has a 50% chance of stroke… 
Benign HINTS = <1% vs. Negative MRI = 17% 
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Newman-Toker 2013 HINTS vs ABCD2For an older AVS patient with vascular risk factors and an estimated 50% expected probability of stroke before further assessment, a negative MRI-DWI within the first 24 hours would lower the probability of stroke to 17%. By comparison, an abnormal head impulse test would lower the probability of stroke or other central cause to 8%, a benign HINTS result would lower the probability to 3%, and a benign HINTS “plus” (i.e., no hearing loss) result would lower the probability to 1%.



 
 

But… 
 

Can this be done reliably in the ED? 
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The “Eye ECG” 
Portable Video-Oculography (VOG) 

Expertise in a box 
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The “Eye ECG” 
Portable Video-Oculography (VOG) 



The “Eye ECG”  
Vestibular Neuritis vs. Stroke 

60yo AVS - Neuritis 

30yo AVS - Stroke 



The “Eye ECG” 
VOG Interpretation is Clear 



Acute Continuous Dizziness or Vertigo 

Posterior 
Circulation Stroke 

Direction-changing 
nystagmus OR skew 

 

OR 
 

NORMAL 
IMPULSE 

Direction-fixed 
nystagmus, no skew 

 

AND 
 

ABNORMAL 
IMPULSE 

Vestibular 
Neuritis 



The “Eye ECG” 
VOG will be Cost Effective 

Optimized Bedside Exam/DDSS $8K/QALY  

Admit Exam 

Current 



The “Eye ECG” 
Novices Trained to Expert in <1Hr 



ADVISER 
Patient Population 
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 Inclusions:  
 adult (≥18yo) with chief symptom of dizziness, vertigo, 

or acute gait unsteadiness/ataxia 
 continuous symptoms ≥1 hour < 72 hours 
 spontaneous or gaze-evoked nystagmus 

 Exclusions:  
 critical illness or acute head trauma 
 unsafe (cervical injury) or unable (delirium) to do VOG 
 NIH stroke scale score >0 
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Presentation Notes
1.List Inclusion Criteriaadult patient (≥18 years) presenting a chief symptom of dizziness, vertigo, or acute imbalance/ataxia who has continuous symptoms lasting ≥1 hour plus pathological spontaneous or gaze-evoked nystagmus on exam 2.List Exclusion CriteriaAcute head trauma/critical illness; unsafe (e.g., cervical injury) or unable (e.g., delirium) to fully participate in VOG exam; NIH stroke scale score >0



ADVISER 
Proposed Study Design 

 Design: RCT (patient-level, parallel, 1:1) 
 Intervention: VOG-enhanced diagnosis 
 Powering Endpoint: proportion 90-d mRS >0 
 Approximate Sample Size: ~3000 
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Instructions for Presenters at NETT Retreat Thank you for submitting your trial idea to be presented at the NETT Retreat.  We have 17 different exciting trial ideas to present at the meeting and we’re looking forward to the presentations and subsequent discussion.  All the trial ideas submitted will be presented in a rapidly paced format.  Each presentation should be no longer than 10 minutes, and each will be followed by 10 minutes of discussion.  Slides are permitted but are not required.  Your presentation should focus primarily on the background and justification for the study and a brief description of your approach (e.g. RCT, EFIC, etc), description of the interventions, and the primary outcome.  The group will be hearing a lot of ideas, so make your best pitch for the impact and importance of your proposal. The goal for the retreat is brainstorming, development of ideas, and opportunities for feedback and collaboration.  We would also like to identify areas for future study in the NETT, but we do NOT plan on using the meeting itself to actually select any specific trials for immediate development.  We would like to identify certain aspects of the different proposals, including the general interest from the participants, “readiness” of the idea for a clinical trial, and the potential ease or difficulty of study conduct.  We will be using our Audience Participation devices to get real time responses on each of these issues.  We anticipate that we will bring some of these ideas forward in a formal planning process after discussions at the Executive Committee and the Steering Committee. Let me know if you have any specific questions.  We look forward to seeing you at the Retreat. Bill  William Barsan, MDPrincipal InvestigatorNETT Clinical Coordinating Center24 Frank Lloyd Wright DriveAnn Arbor, MI  48106-0381Office    734-232-2141Fax         734-232-2122wbarsan@umich.eduwww.nett.umich.edu  





ADVISER 
Design Questions for Discussion 
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 VOG as part of screening to identify nystagmus? 
 Comfort with control arm VOG (‘black box’ result)? 
 Patient-level vs. cluster (physician/site) RCT? 
 NIH SS >0 exclusion vs. no hemi-motor? 
 Intervention married to treatment protocol (VOG-enhanced 

diagnosis vs. VOG-guided care pathway)? 
 Consider combined QOL endpoint (stroke + vestibular) 
 Consider diagnostic or ‘correct Rx’ endpoint (for stroke +/- 

vestibular diagnoses) [or 2-stage design with Dx Stage 1] 
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Also – enrich population with stroke risk factors (imperfect) or age (really not desirable)Endpoint based on those who are sent home with benign dizzy/ear dx vs. entire populationIssue of 30-60-90-180-365 day events and outcomes
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