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SPADE Method & AVOID H.A.R.M. Outcome Measure
The “Avoid Hospitalization After Release with a Misdiagnosis” (“Avoid H.A.R.M.”) measure is based on the SPADE symptom-disease dyad1 dizziness and stroke. Below we summarize the SPADE method, Avoid H.A.R.M. risk adjustment approach, measure validation (data element validity 99%; measure-level validity 90%), and exemplar results. Additional measure specifications (including ICD code lists) can be found on our Johns Hopkins Armstrong Institute Center for Diagnostic Excellence website (https://dxcenter.org/AvoidHARM-Dx-Measures/Dizzy-Stroke-ED.html). 
X1a. SPADE Conceptual Model 
Methodologically, we have used an approach we developed and call Symptom-disease Pair Analysis of Diagnostic Error (SPADE) (Figure X1.1).1 Using both empirical data and a priori clinical knowledge, this statistically valid2,3 measure of diagnostic performance is clinically sensible, biologically plausible, and matters to patients. This approach uses large ICD-coded data sets and has been developed over the past 5 years through a sequence of funded measure development projects (PI Newman-Toker, total value $4 million): (i) Johns Hopkins Institute for Clinical and Translational Research and Kaiser Permanente Research Collaboration Pilot Program [2016-2017]; (ii) Gordon & Betty Moore Foundation #5756 [2018-2021]; (iii) Agency for Healthcare Research and Quality (AHRQ) R01 HS 27614 [2020-2024]. The long-range goal of these funded research programs has been to develop valid institutional quality measures of misdiagnosis-related harms.
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	Figure X1.1. Our conceptual model for Symptom-disease Pair Analysis of Diagnostic Error (SPADE).1 The SPADE conceptual framework for measuring diagnostic errors is based on the notion of change in diagnosis over time. Envisioned is a scenario in which an initial misdiagnosis is identified through a biologically-plausible and clinically-sensible temporal association between an initial symptomatic visit (that ended with a benign diagnosis rendered) and a subsequent revisit (that ended with a dangerous diagnosis confirmed). The framework shown at left illustrates differences in structure and goals of the ‘look back’ (disease to symptoms) and ‘look forward’ (symptoms to disease) analytical approaches. These two methods can be thought of as a deliberate sequence that begins with a target disease known to cause poor patient outcomes if a diagnostic error occurs. The ‘look back’ approach (A below) defines the spectrum of high-risk presenting symptoms for which the target disease is likely to be missed or misdiagnosed. The ‘look forward’ approach (B below) defines the frequency of diseases missed or misdiagnosed for a given high-risk symptom presentation. Abbreviations: Dx – diagnosis
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[bookmark: _Hlk92726854]Our AHRQ-funded project, “Towards a National Diagnostic Excellence Dashboard—Partnering with Stakeholders to Construct Evidence-Based Operational Measures of Misdiagnosis-Related Harms” (PI Newman-Toker, R01 HS 27614, 2020-2024) is explicitly designed to engage stakeholder partners, including patients and emergency physicians, in measure co-creation to optimize the final measure specification prior to submission for National Quality Forum (NQF) endorsement. Final measure specifications are now complete and were submitted for NQF endorsement January 2023.
X1b. Avoid H.A.R.M. from Missed Vestibular Stroke – RISK ADJUSTMENT APPROACH
Risk Adjustment Approach: The risk-adjusted measure is a difference between two rates (observed minus expected), reflecting the observed stroke events in the first 30 days that have occurred above the expected epidemiologic base rate (i.e., are likely to represent more than a chance association between the ED discharge and inpatient admission). This approach accounts for inter-institutional differences in the underlying stroke risk of their specific patient populations. It therefore also represents a more conservative estimate of the rate of misdiagnosis-related harms from missed stroke.
Risk Adjustment Parameters: The short-term observed rate is measured as the number of stroke hospitalizations per 10,000 discharges in the first 30 days and is called the immediate 30-day rate of stroke hospitalization. The short-term expected rate is estimated in the exact same patients by taking the average 30-day rate of stroke admission during a delayed outcome assessment window (after 3 months post ED discharge). The delayed window (91 days to 180 days) is chosen to reflect the epidemiologic base rate of stroke (i.e., after the immediate, short-term risk of a misdiagnosis leading to preventable major stroke following minor stroke has definitively passed). The stroke rate per 30-day period during this delayed 90-day window is obtained by dividing the numerator by 3 and is called the delayed 30-day rate.
[bookmark: _Hlk92748460]Risk Adjustment Rationale: Patients that have stroke hospitalizations within 30 days of an ED “benign dizziness” discharge consist mostly of patients that are misdiagnosed at the ED index visit, but also include some patients that are not misdiagnosed (i.e., do, in fact, have benign dizziness) who go on have a coincidental stroke event due to baseline (biological/sociocultural) stroke risk. This baseline stroke risk is reflected by the long-term population-specific stroke rate, which is not related to the institutional rate of misdiagnosis or short-term harms (i.e., 30-day stroke admissions). This relationship is most evident when viewed as a cumulative incidence curve for stroke hospitalization (Figure X1.2A). This curve matches the natural history biological profile of major stroke following minor stroke and TIA (Figure X1.2B).
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	Figure X1.2A. Cumulative incidence of stroke hospitalizations post ambulatory (ED or other) treat-and-release as “benign dizziness.” Heart attack (MI) returns are shown as a “control” comparator.
	Figure X1.2B. Cumulative incidence curve for expected major stroke following TIA or minor stroke. Data are from the population-based Oxford Vascular Study as represented in Rothwell, et al.4


This risk adjustment approach uses an institution-specific intermediate-term (91d–180d) stroke hospitalization rate to approximate the baseline short-term stroke risk for the population in question. This delayed window is chosen because, biologically-speaking, the short-term risk of major stroke after minor stroke or TIA levels off between 30 and 90 days after the initial cerebrovascular event (Figure X1.2B).4 By using the risk difference, the adjusted measure quantifies the “excess” short-term stroke rate (attributable risk) due to misdiagnosis above the base rate for the population in question. Thus, the risk-adjustment accounts for all relevant demographic differences across populations, including biological and social and determinants of health, that may lead to population-level variation in baseline stroke risk. 
X1c. Avoid H.A.R.M. from Missed Vestibular Stroke – MEASURE VALIDATION
[bookmark: _Hlk9829054][bookmark: _Hlk9897567]Chart reviews confirm coding (item-level) validity for numerator (stroke) and denominator (dizziness). For stroke, we found strong prior literature, the results of which are summarized below. For dizziness, we conducted our own reviews.
Stroke Numerator: McCormick et al.5 published a systematic review that included 77 studies published between 1976–2015. The sensitivity of ICD-9 430-438/ICD-10 I60-I69 for any cerebrovascular disease was >=82% in at least 50% of studies, and specificity was >=95% (this is the more important parameter – i.e., few non-stroke cases erroneously called stroke). In at least 50% of studies, PPVs were >=93% for subarachnoid hemorrhage (ICD-9 430/ICD-10 I60), 89% for intracerebral hemorrhage (ICD-9 431/ICD-10 I61), and 82% for ischemic stroke (ICD-9 434/ICD-10 I63 or ICD-9 434&436).
[bookmark: _Hlk9988745]Dizziness Denominator: We found a PPV of 100% (95% CI: 99.89%-100.00%) for coding “benign dizziness.” We manually reviewed 128 charts and electronically confirmed 3,181. This included oversampling of high-risk charts for manual review. High-risk charts were those most likely to be miscoded as “benign dizziness” (e.g., other ear symptoms, such as tinnitus or hearing loss). All patients coded as “benign dizziness” at ED discharge had a charted record that suggested that the ED provider intended to code “benign dizziness” as the discharge diagnosis. 
X1d. Avoid H.A.R.M. from Missed Vestibular Stroke – EXEMPLAR RESULTS
The Avoid H.A.R.M. outcome measure is an observed minus expected short-term (30 day) stroke hospitalization rate after a “benign dizziness” ED discharge diagnosis. The measure’s conceptual foundation derives from the (a) clinically plausible relationship between dizziness and missed stroke [symptom-disease dyad] (Section A5); (b) known temporal relationship between transient ischemic attack (TIA) or minor stroke and subsequent major stroke (Figure X1.2B); and (c) empirically-confirmed, disease-specific relationship between “benign dizziness” treat-and-release ED visits and later inpatient stroke hospitalizations (Figure X1.2A) which matches the disease’s natural history (Figure X1.2B). Taken together, these provide a strong validity foundation for the stroke hospitalization to be related to the ED misdiagnosis.1 Thus, the stroke hospitalization is an adverse event (harm) pursuant to and causally linked to the misdiagnosis.
These misdiagnosis-related harms can be measured at the institutional level. Large, epidemiologic studies have looked at the association between dizziness treat-and-release ED visits and short-term stroke hospitalizations. These studies have looked back from >180,000 stroke admissions6 and forward from >30,000 dizziness discharges.7 We have shown that much smaller data sets can be used to demonstrate the same patterns at the institutional level (Figure X1.3).8 
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	Figure X1.3. Daily incidence rate curve of stroke hospitalizations post ED treat-and-release discharge as “benign dizziness.” Data are from Kaiser Permanente Mid-Atlantic States (performance period 2010-2014). They reflect 5,070 treat-and-release ED visits discharged with either non-specific dizziness or a specific inner ear disorder diagnosis. The results represent 54,742 person-months of follow-up and an absolute rate of stroke returns of 0.9% (n=46) at 7 days and 1.3% (n=67) at 30 days. Shown in black are stroke hospitalizations and in pink are heart attack hospitalizations (gray shading represents 95% CIs for each). Early returns for stroke hospitalization above the local base rate in the first few weeks after discharge reflect potentially preventable harms from cerebrovascular events missed at the ED index visit. The comparison outcome (heart attack) shows that the early stroke incidence rate peak is specific to the dizziness-stroke dyad. Abbreviations – MI – myocardial infarction
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