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Abstract

Objective: To evaluate whether patients discharged to home after an emergency department (ED)
visit for headache face a heightened short-term risk of stroke.

Background: Stroke hospitalizations that occur soon after ED visits for headache complaints
may reflect diagnostic error.

Methods: We conducted a retrospective cohort study using statewide administrative claims data
for all ED visits and admissions at nonfederal hospitals in Florida 2005-2018 and New York
2005-2016. Using standard International Classification of Diseases (ICD) codes, we identified
adult patients discharged to home from the ED (treat-and-release visit) with a benign headache
diagnosis (cohort of interest) as well as those with a diagnosis of renal colic or back pain (negative
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controls). The primary study outcome was hospitalization within 30 days for stroke (ischemic

or hemorrhagic) defined using validated /CD codes. We assess the relationship between index

ED visit discharge diagnosis and stroke hospitalization adjusting for patient demographics and
vascular comorbidities.

Results: We identified 1,502,831 patients with an ED treat-and-release headache visit; mean age
was 41 (standard deviation: 17) years and 1,044,520 (70%) were female. A total of 2150 (0.14%)
patients with headache were hospitalized for stroke within 30 days. In adjusted analysis, stroke
risk was higher after headache compared to renal colic (hazard ratio [HR]: 2.69; 95% confidence
interval [CI]: 2.29-3.16) or back pain (HR: 4.0; 95% CI: 3.74-4.3). In the subgroup of 26,714
(1.78%) patients with headache who received brain magnetic resonance imaging at index ED visit,
stroke risk was only slightly elevated compared to renal colic (HR: 1.47; 95% Cl: 1.22-1.78) or
back pain (HR: 1.49; 95% ClI: 1.24-1.80).

Conclusion: Approximately 1 in 700 patients discharged to home from the ED with a headache
diagnosis had a stroke in the following month. Stroke risk was three to four times higher after an
ED visit for headache compared to renal colic or back pain.

Keywords
diagnostic error; emergency medicine; headache; stroke

INTRODUCTION

Missed emergency department (ED) diagnosis of dangerous cerebrovascular disease,
particularly among patients presenting with mild or transient neurological symptoms, is

a well-recognized public health issue estimated to occur in approximately 9% of all

stroke patients.12 Headache complaints account for a substantial proportion of national

ED visits.3* While the majority of headache complaints evaluated in the emergency setting
are benign,* an estimated 40,000 patients per year in the United States suffer adverse
neurological events shortly after an ED headache visit resulting in discharge to home.?
Given that a variety of cerebrovascular conditions can manifest mainly as headache*6.7
and that differentiating transient cerebral ischemia from migraine aura symptoms can be
challenging,® failure to accurately diagnose high-risk cerebrovascular events manifesting as
headache may occur.

In this analysis, we evaluate whether ED headache visits that result in discharge to home are
associated with a heightened risk of short-term stroke hospitalization and thus are suggestive
of probable diagnostic error at index ED visit.? We hypothesized that patients with an ED
visit for headache would have a higher risk of stroke compared to patients with an ED visit
for conditions not typically associated with stroke missed diagnosis: renal colic and back
pain.>10
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We conducted a retrospective cohort study using publicly available, statewide administrative
claims data provided to the Agency for Healthcare Research and Quality for its Healthcare
Cost and Utilization Project (HCUP) by the Florida Agency for Health Care Administration
and the New York Statewide Planning and Research Cooperative System. We included
available data from all ED visits and hospitalizations to nonfederal hospitals in Florida from
2005-2018 and New York from 2006-2016.11 The two selected states in this study are large
and demographically diverse; combined they compromise >10% of the US population.12
Each patient included in the HCUP database is assigned a personal linkage number that
allows for anonymous tracking through ED and hospital encounters across institutions.13
The Weill Cornell Medicine institutional review board approved this study and granted a
waiver of informed consent.

Diagnostic errors have been defined by the National Academies of Sciences, Engineering,
and Medicine (NASEM) as a failure to establish an accurate and timely explanation of a
patient’s health problem.! Measuring diagnostic error rates using two points in time by
pairing non-specific symptoms initially thought to be benign with an unexpected adverse
health event is known as the Symptom-Disease Pair Analysis of Diagnostic Error (SPADE)
conceptual approach.® This approach has been previously employed to measure rates of
missed cerebrovascular events using administrative claims data.14-8 In the current study,
our direction of analysis is from index ED visit to subsequent stroke hospitalization for all
patient groups constituting a look-forward SPADE study design.® We consider a probable
missed ED diagnosis of cerebrovascular disease as one in which a patient has a subsequent
stroke hospitalization within 30 days of their index ED visit.1417 Using ED visits that result
in a discharge to home (treat-and-release) in a look-forward SPADE analysis is a popular
strategy that relies on the presumption that patients who are sent home from the ED are
those who are thought, at the time of their initial ED evaluation, to have low-risk conditions
that can be managed in the outpatient setting.

To construct our main study cohort, we identified patients =18 years of age with a first ED
treat-and-release visit for headache during the study period. We defined an ED headache
visit as one that resulted in a primary discharge diagnosis of tension-type headache, migraine
with or without aura, cluster headache, cephalgia, or headache not otherwise specified
using discharge diagnosis codes. Patients with an index ED visit prior to October 1, 2015
were identified using International Classification of Disease 9 Clinical Medicine (ICD-9-
CM) codes; those with a visit on or after that date were identified using International
Classification of Disease 10 (ICD-10) codes because this is when US hospitals transitioned
from ICD-9-CM to ICD-10 codes. We used the ICD-9-CM codes 339, 346, 784.0, 307.81,
627.2, and the ICD-10 codes G43-G43.5x, G43.7x-G43.9x, G43.A-G43.D, G44, or R51 to
identify headache patients.18:1% We defined patients with migraine with aura as those with
primary ICD-9-CM discharge diagnosis of 346.0 or ICD-10 codes of G43.1 or G43.5.
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To construct our negative control cohorts, we defined visits for renal colic as those that
resulted in a primary ICD-9-CM discharge diagnosis code of 788.0 or an ICD-10 code

of N2310 and back pain as those that resulted in primary ICD-9-CM discharge diagnosis
codes 722.1, 722.2, 724, 847.1, 847.2, 847.9, or ICD-10 codes M54, M51.26 M51.27,
M51.9, M48.00, or $39.0.° Patients with ED treat-and-release visits for both headache and
renal colic, both headache and back pain, or both back pain and renal colic were excluded
from the analysis entirely to avoid contamination between groups. Patients who left the ED
against medical advice, were hospitalized, or were transferred to another institution were
also excluded from all study cohorts.

Measurements

Outcomes

We collected demographic data from HCUP. We used ICD-9-CM and ICD-10 codes to
measure the following vascular comorbidities documented prior to and at index ED visit:
hypertension, diabetes, coronary artery disease, congestive heart failure, hyperlipidemia,
atrial fibrillation, peripheral vascular disease, chronic obstructive pulmonary disease, chronic
kidney disease, tobacco use, and alcohol abuse.2%-22 We captured vascular comorbidities
documented prior to the index ED visit for as far back as we had available data, including
comorbidities documented at any prior ED visits or inpatient admissions. We used Current
Procedural Terminology (CPT) codes to measure the use of magnetic resonance imaging
(MRI) of the brain. Patients with CPT codes 70551 or 70553 in any position at index ED
visit were classified as having had a brain MRI at that visit.

The primary study outcome was hospitalization within 30 days for all stroke (ischemic

or hemorrhagic). Secondary outcomes were ischemic stroke (IS), intracerebral hemorrhage
(ICH), and subarachnoid hemorrhage (SAH) within 30 days of index ED visit. Stroke
hospitalizations were defined using validated ICD-9-CM and ICD-10 discharge diagnosis
codes. The ICD-9-CM diagnosis code algorithm we used was previously found to have a
sensitivity of 86%, specificity of 95%, and a positive predictive value of 90% compared to
medical record review;23 corresponding ICD-10 diagnostic codes for stroke are also highly
reliable compared to medical record review.24

Statistical analysis

Standard descriptive statistics were used to characterize the study population, including
means with standard deviations (SD) for normally distributed continuous variables and
medians with interquartile ranges (IQR) for non-normally distributed continuous variables.
Exact confidence intervals (Cls) were used to report crude stroke hospitalization rates

for all cohorts at 30 days. We used Cox proportional hazards modeling to assess the
relationship between index ED treat-and-release visit for the main study cohort (headache)
compared to the two negative control cohorts (renal colic, back pain) and subsequent
stroke hospitalization, while adjusting for all vascular comorbidities and demographics. We
constructed cumulative hazard plots using the Nelson-Aalen estimator?®:26 to graphically
represent the proportion of subjects who experienced the outcome over time and derived
smoothed hazard functions to show changes in the estimated incidence rate over time. Data
were right censored in all models. To explore the impact of brain MRI testing on 30-day
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stroke risk, we used Cox proportional hazards modeling to compare the risk of stroke after
headache in those with versus without MRI obtained at index ED visit.

We evaluated for effect modification by age (<40 vs. =240), sex, and vascular comorbidity
burden (zero vs. =1 comorbidities) using formal interaction term analysis; we also
performed analyses stratified by these factors. We evaluated these patient subgroups because
age is used in existing clinical rules to identify secondary headaches acutely,2” disparities in
ED stroke diagnosis by sex have been observed,?8 and because low vascular comorbidity
burden may reduce clinical suspicion for cerebrovascular disease. We performed a
sensitivity analysis wherein patients with migraine with aura were excluded from the main
study cohort as migraine with aura has been independently associated with increased 1S
risk.29:30 The threshold for statistical significance was set as <0.05. No statistical power
calculation was conducted prior to the study because the sample size was based on the
available HCUP data. There were no missing data. All tests of comparison were two-sided.
Analyses were performed using Stata/MP, version 15.1 (StataCorp).

RESULTS

We identified 1,502,831 patients with an ED treat-and-release headache visit (Figure S1

in supporting information). The mean age of headache patients was 41 years (SD: 17)

and 70% were female. For our negative control comparison cohorts, we identified 183,028
patients with renal colic and 2,729,020 with back pain (Figures S2 and S3 in supporting
information). Baseline vascular comorbidities were similar between groups; more patients
with headache were female (Table 1).

A total of 2150 (0.14%) patients with headache were hospitalized for stroke within 30 days.
Median time to stroke hospitalization from ED visit was 6 (IQR: 2-15) days among patients
with headache. Thirty-eight (0.02%) patients were hospitalized for stroke in the cohort of
patients with renal colic and 1193 (0.04%) patients were hospitalized for stroke in the cohort
of patients with back pain.

After adjusting for demographics and vascular comorbidities, stroke risk was higher among
patients with headache compared to patients diagnosed with renal colic (hazard ratio [HR]:
2.69; 95% CI: 2.29-3.16) or back pain (HR: 4.0; 95% CI: 3.74-4.3; Figure 1). After
excluding patients with migraine with aura (n7= 9416), stroke risk after ED headache visit
remained elevated compared to patients with renal colic (HR: 2.29; 95% CI: 1.93-2.72) and
back pain (HR: 3.28; 95% ClI: 3.02-3.57).

For our secondary outcomes, we identified a total of 1478 (63%) patients with a primary
diagnosis of IS, 328 (14%) with ICH, and 527 (23%) with SAH. Risk of IS was higher
among patients with headache compared to patients with renal colic (HR: 2.3; 95% CI:
1.93-2.73) or back pain (HR: 3.30; 95% CI: 3.03-3.58), as was the risk of ICH compared

to patients with renal colic (HR: 2.88; 95% CI: 1.84-4.5) or back pain (HR: 4.5; 95% CI:
3.72-5.5). Among patients with headache, risk of SAH within 30 days of index ED visit was
considerably higher compared to patients with back pain (HR: 14.5; 95% CI: 11.2-18.9); no
SAH occurred in renal colic patients (Table 2).
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A total of 26,714 patients with headache (1.78%) had a brain MRI at index ED visit. Of
those with a brain MRI, 28 (0.10%) had a stroke hospitalization within 30 days. Stroke

risk remained slightly elevated among headache patient with an MRI obtained compared to
patients with renal colic (HR: 1.47; 95% CI: 1.22-1.78) or back pain (HR: 1.45; 95% CI:
1.24-1.80); among patients with headache who did not have an MR, stroke risk was higher
compared to patients with renal colic (HR: 2.70; 95% CI: 2.30-3.18) or back pain (HR: 4.0;
95% CI: 3.77-4.3; Table 3). Comparing patients with headache who did versus did not have
an MRI at index ED visit, short-term stroke risk was lower for those who had an MRI (HR:
0.686; 95% CI: 0.598-0.786) after adjustment for demographics and vascular comorbidities.

Among patients <40 years of age, stroke risk was higher among patients with headache
compared to those with back pain (HR: 10.7; 95% CI: 7.9-14.7); no strokes occurred in
patients with renal colic less than 40 years of age (Figure 2). There was an interaction
between age (p < .001) and headache in relation to stroke, with a significantly higher risk

of stroke associated with headache in younger patients than that seen in older patients. No
interactions between sex and headache in relation to stroke were seen. Compared to both
renal colic and back pain, there was an interaction between vascular comorbidity burden and
headache (p=.013 and p < .001, respectively) in relation to stroke, with significantly higher
risk of stroke associated with having no vascular comorbidities (Table 4).

DISCUSSION

We found that approximately 1 out of every 700 patients with an ED treat-and-release
headache visit had a stroke within 30 days. Stroke risk after a headache visit was higher
than stroke risk after ED visits for renal colic and back pain after accounting for vascular
comorbidities and demographics.

The rate of stroke hospitalization within 30 days of ED headache treat-and-release visit

that we found is similar to that of previously published studies (0.14%-0.5%).5:3! These
associations between headache visits and subsequent stroke hospitalizations suggest that,

for a small proportion of patients, ED headache visits may represent an opportunity to
reduce short-term stroke risk. Though the absolute percentages are small, because the annual
volume of headache complaints seen in US EDs is approximately 3 million patients per year,
they correspond to 4200-15,000 potentially missed opportunities to prevent cerebrovascular
disease annually.® Improving diagnostic accuracy for cerebrovascular conditions in the ED
may play an important role in decreasing subsequent stroke hospitalizations, particularly

in younger patients. Indeed, prior research has demonstrated non-trivial rates of probable
missed ED diagnoses of transient ischemic attack (TI1A), minor stroke, cervicocephalic
dissection, cerebral venous thrombosis, and SAH, which can all present acutely with
headache.5:14-16 The proportion of ED treat-and-release headache visits before stroke
hospitalization that were clear instances of diagnostic error (as opposed to just being
temporally associated with stroke hospitalizations for other reasons) should be studied
further.

Our finding that patients with headache who received a brain MRI at index ED visit were
at decreased risk of subsequent stroke compared to headache patients who did not have
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an MRI and that stroke risk among headache patients with brain MRI is only slightly

higher than that of renal colic or back pain patients is novel. Prior research has shown that
among patients with non-specific neurological complaints (dizziness, headache, non-motor
symptoms) obtaining a head computed tomography (CT) in the ED prior to discharge to
home is associated with increased subsequent stroke risk compared to patients who do

not have a head CT.19:32.33 Some investigators have postulated that this increased risk is
explained by ED providers being falsely reassured by a negative head CT in the setting of a
true cerebrovascular event (e.g., sentinel bleed or high-risk TIA/minor stroke).33 In contrast,
we found that ED patients with headache upon whom a brain MRI was obtained had low
rates of short-term stroke. Given the superior accuracy of MRI for ischemic stroke detection
compared to head CT,3* our findings suggest that patients with headache upon whom

brain MRI is obtained at index ED treat-and-release visit truly lack acute cerebrovascular
pathology. Determining which ED patients with headache complaints warrant advanced
neuroimaging or other diagnostic testing to expedite a safe discharge to home and avoid
short-term cerebrovascular events as well as the cost effectiveness of various ED-based
evaluative approaches is an important topic for future health services research.35-37

In our subgroup and sensitivity analyses, stroke risk remained consistently higher after ED
headache treat-and-release visits than renal colic and back pain visits. Headache patients
<40 years of age were at substantially increased risk of stroke compared to renal colic

and back pain patients of the same age; this subgroup of young headache patients may

be a particularly important one to focus on when designing interventions to improve ED
diagnostic accuracy.14:38 Additionally, headache patients without vascular comorbidities
were at increased risk of subsequent stroke compared to renal colic and back pain patients.
This suggests that physicians should remain vigilant when evaluating ED patients without
typical stroke risk factors who have neurological complaints.

Our current study has several limitations. Classifying primary headache subtypes in the

ED is a known challenge that is difficult to address even when structured interviews are
used for classification.3% Furthermore, reliance on administrative claims data to identify
headache subtypes, including migraine with aura, is imperfect and can lead to headache
misclassification.#? We do not know patients’ exact presenting symptoms, imaging results,
nor medications administered or stopped in the ED. We are thus unable to assess whether
guideline recommendations regarding diagnostic evaluation of headache complaints, which
may include lumbar puncture in some cases, were followed. Additionally, though we

used validated ICD-9-CM and ICD-10 codes to identify all study outcomes, our outcome
ascertainment relies on a subsequent hospitalization occurring and, therefore, we could

not identify stroke patients who were never hospitalized (those who did not seek care,

those who were cared for exclusively in the outpatient setting, and those who died before
hospitalization). Therefore, our measurement of stroke hospitalization likely underestimates
the true rate of subsequent cerebrovascular events in all cohorts. Finally, we did not evaluate
the influence of facility-level and/or provider-level factors on subsequent stroke risk though
some of these factors have been previously associated with diagnostic error.6:14

Strengths of our study include using a multicenter, large database that can account for
hospital crossover (being seen at one health-care organization and then hospitalized at

Headache. Author manuscript; available in PMC 2023 March 27.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Liberman et al. Page 8

a separate organization), which frequently occurs in patients with delayed or missed
diagnosis.3! We also carefully accounted for known vascular comorbidities when comparing
stroke risk between our cohort of interest and the negative comparator groups in contrast to
prior large studies measuring missed stroke diagnosis among ED patients with neurological
symptoms, including headache.5:18:19

CONCLUSION

In a SPADE style look-forward analysis, we found that short-term stroke risk is higher after
an ED treat-and-release visit for headache compared to visits for renal colic or back pain.

In the subgroup of patients with headache who received brain MRI prior to ED discharge,
stroke risk was reduced. Patients younger than 40 years of age as well as those lacking
vascular comorbidities who come to the ED with headache complaints are at substantially
higher risk of subsequent stroke hospitalization and may represent an important target for
future interventions to improve ED diagnostic accuracy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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MRI magnetic resonance imaging
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FIGURE 1.
Stroke risk after emergency department (ED) treat-and-release visit. Rate per 100,000

person-days of stroke hospitalizations among patients discharged from EDs with diagnosis
of headache or renal colic or low back pain. Shaded areas represent the 95% confidence
intervals.
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FIGURE 2.
Stroke risk after emergency department (ED) treat-and-release visit in patients <40 years

of age. Rate per 100,000 person-days of stroke hospitalizations among patients <40 years
of age discharged from EDs with diagnosis of headache or low back pain. Shaded areas
represent the 95% confidence intervals.
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TABLE 2
Primary and secondary outcomes at 30 days from headache visit®

HR (compared torenal colic) HR (compared to back pain)

Primary outcome

All stroke 2.69 (95% Cl, 2.29-3.16) 4.0 (95% ClI, 3.74-4.3)
Secondary outcomes

Ischemic stroke 2.30 (95% Cl, 1.93-2.73) 3.30 (95% Cl, 3.03-3.58)

Intracerebral hemorrhage  2.88 (95% Cl, 1.84-4.5) 4.5 (95% Cl, 3.72-5.5)

Subarachnoid hemorrhage b 14.5 (95% ClI, 11.2-18.9)

Abbreviations: Cl, confidence interval; HR, hazard ratio.
a . - i
Model adjusted for age, race/ethnicity, and all vascular comorbidities.

bNo one had a subarachnoid hemorrhage in the renal colic group.
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TABLE 3
Stroke admissions within 30 days from headache visit by brain MRI?

HR (compared torenal colic) HR (compared to back pain)

All stroke
Headache without MRl 2.70 (95% Cl,2.30-3.18) 4.0 (95% ClI, 3.77-4.3)
Headache with MRI 1.47 (95% ClI, 1.22-1.78) 1.49 (95% Cl, 1.24-1.80)

Abbreviations: ClI, confidence interval; HR, hazard ratio; MRI, magnetic resonance imaging.

a . - e
Model adjusted for age, race/ethnicity, and all vascular comorbidities.
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Risk of all stroke at 30 days from headache visit: subgroup analysisa

HR (compared to renal colic)

Age (years)
Age < 40 b
Age = 40 2.65 (95% Cl, 2.26-3.12)

P for interaction 0

Sex
Female 2.64 (95% Cl, 1.98-3.50)
Male 2.76 (95% Cl, 2.27-3.36)

P for interaction  p =.891

Number of vascular comor bidities

0 3.92 (95% Cl, 2.82-5.5)
21 2.26 (95% Cl, 1.88-2.73)
P for interaction ~ p =.013

TABLE 4

HR (compared to back pain)

10.7 (95% Cl, 7.9-14.7)
3.74 (95% Cl, 3.47-4.0)

p<.001

3.92 (95% Cl, 3.57-4.31)
4.1 (95% Cl, 3.70-4.6)
p=.490

7.5 (95% Cl, 6.4-8.7)
3.30 (95% Cl, 3.04-3.58)
p<.001

Abbreviations: Cl, confidence interval; HR, hazard ratio.

a . - i
Model adjusted for age, race/ethnicity, and all vascular comorbidities.

b . .
No one had a stroke in the renal colic group.
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