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O Abstract—Background: Benign paroxysmal positional
vertigo (BPPV) is a common cause of dizziness in the emer-
gency department (ED), yet bedside diagnostic and thera-
peutic maneuvers remain underused, often leading to unnec-
essary imaging and resource utilization. Study Objectives:
To evaluate the effectiveness of an Epley-first approach and
identify predictors of early treatment failure in patients with
posterior canal BPPV. Methods: In this retrospective obser-
vational study, 774 adult ED patients with posterior canal
BPPV were managed with the Epley maneuver as the ini-
tial treatment strategy. Early treatment success was defined
as symptom resolution without the need for additional in-
tervention within 60 min. Logistic regression analysis was
performed to identify independent predictors of treatment
failure. Results: Early symptom resolution was achieved in
81.8% of patients, while 18.2% required additional inter-
ventions. Patients with treatment failure were significantly
older and had longer symptom duration (both p < 0.001).
In multivariable analysis, age (OR: 1.06, 95% CI: 1.04-1.08,
p < 0.001) and symptom duration (OR: 1.03 per minute,
95% CI: 1.02-1.03, p < 0.001) were identified as indepen-
dent predictors of failure. The predictive model demon-
strated strong discriminative performance (AUC: 0.876). No
newly identified focal neurological deficits suggestive of an
acute central neurological disorder were documented dur-
ing ED evaluation. Conclusions: The Epley-first approach
was associated with rapid early symptom control in ap-
propriately selected patients with posterior canal BPPV
presenting to the ED. Age and symptom duration may fa-
cilitate early risk stratification and support more individu-
alized diagnostic decision-making in appropriately selected

patients. © 2026 Elsevier Inc. All rights are reserved, includ-
ing those for text and data mining, Al training, and similar
technologies.
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Introduction

Dizziness is a common presenting complaint in emer-
gency departments (ED), accounting for a substantial
proportion of visits and posing significant diagnostic
challenges due to its broad differential diagnosis (1).
Among these causes, benign paroxysmal positional ver-
tigo (BPPV) is the most frequent peripheral vestibular
disorder and a leading cause of episodic vertigo in clini-
cal practice (2). BPPV is characterized by brief, recurrent
episodes of vertigo triggered by head movements and
most commonly results from the displacement of otoliths
into the posterior semicircular canal (3).

The diagnosis of posterior canal BPPV can be reli-
ably established using the Dix—Hallpike maneuver, which
provokes characteristic positional nystagmus (4). Once di-
agnosed, BPPV can be effectively treated with canalith
repositioning maneuvers, most notably the Epley maneu-
ver, which aims to relocate displaced otoliths back to
the utricle through a sequence of head movements (3).
Strong evidence from randomized controlled trials and
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meta-analyses demonstrates that the Epley maneuver pro-
vides rapid symptom resolution and improves clinical
outcomes compared with usual care or pharmacological
therapy (5,6).

Despite this strong evidence base, the diagnosis and
treatment of BPPV in ED settings remain suboptimal.
Previous studies have shown that bedside diagnostic ma-
neuvers such as the Dix—Hallpike test and therapeutic
repositioning maneuvers are underutilized, while patients
frequently undergo unnecessary imaging or receive symp-
tomatic treatment alone (7). This gap between evidence
and clinical practice contributes to increased healthcare
costs, prolonged ED length of stay, and potential diagnos-
tic inefficiencies.

In addition, although structured clinical approaches
such as the HINTS examination and STANDING algo-
rithm have been proposed to differentiate central and
peripheral causes of vertigo, their application requires
specific training and may not be consistently implemented
in routine emergency practice (8). Moreover, early neu-
roimaging may fail to detect posterior circulation strokes
in the acute phase, further complicating clinical decision-
making in ED settings (9).

An “Epley-first” approach, in which patients with sus-
pected posterior canal BPPV are promptly evaluated and
treated with the Epley maneuver at the initial stage, may
represent a practical, structured, and immediately appli-
cable bedside strategy to improve patient outcomes while
reducing unnecessary interventions. However, existing
studies have primarily focused on the efficacy of reposi-
tioning maneuvers under controlled conditions, while data
evaluating their structured early application as a first-line
strategy in real-world emergency settings—particularly in
terms of early clinical response and predictors of treat-
ment failure—remain limited.

Therefore, this study aims to evaluate the clinical
outcomes of an “Epley-first” approach in adult pa-
tients presenting to the emergency department with
suspected posterior canal BPPV and without clinical
features suggestive of central pathology, and to pro-
vide preliminary data for future prospective controlled
studies.

Methods

This study was designed as a single-center, retrospective
observational cohort study conducted in the emergency
department of a tertiary care university hospital in Turkey.
The study was conducted between January 2024 and
January 2026. Adult patients (>18 years) presenting to
the emergency department with positional vertigo were
initially evaluated by emergency medicine specialists. Pa-

tients were included if they were diagnosed with posterior
canal BPPV and were managed according to the institu-
tional Epley-first clinical pathway.

During the study period, the Epley-first approach rep-
resented the standard clinical pathway for patients with
suspected posterior canal BPPV in our emergency de-
partment. Patients with a positive Dix—Hallpike test and
no newly identified focal neurological findings or other
clinical features suggestive of a central cause of vertigo
underwent the Epley maneuver as the initial therapeutic
intervention. Patients in whom the Dix—Hallpike maneu-
ver could not be performed or interpreted reliably were
not managed according to this pathway and were there-
fore excluded from the study.

Eligibility for inclusion was confirmed by retrospec-
tive review of the electronic medical records, including
documentation of both the Dix—Hallpike test and the Ep-
ley maneuver. The diagnosis of posterior canal BPPV was
established based on a compatible clinical history of posi-
tional vertigo and the presence of characteristic positional
nystagmus elicited by the Dix—Hallpike maneuver, in the
absence of newly identified focal neurological findings
or other clinical features suggestive of central pathol-
ogy. Patients were excluded if they had clinical suspicion
of central vertigo requiring immediate advanced evalu-
ation, persistent spontaneous nystagmus consistent with
acute vestibular syndrome, recent head trauma, alternative
peripheral vestibular diagnoses, or incomplete clinical
records.

Data were retrospectively extracted from the hospital
electronic medical records. Collected variables included
demographic characteristics (age and sex), clinical pre-
sentation findings, Dix—Hallpike test results, application
of the Epley maneuver, and findings during the observa-
tion period in the emergency department.

In addition, data regarding additional medical treat-
ment following the maneuver, imaging studies (computed
tomography or diffusion-weighted magnetic resonance
imaging), consultation requests (otolaryngology or neu-
rology), and patient disposition (discharge, hospitaliza-
tion, or referral) were recorded. When available, early
return visits to the emergency department were also eval-
uated.

The primary outcome of the study was defined as suc-
cessful early clinical response, which was the absence of
any need for additional diagnostic or therapeutic interven-
tion within 60 min following the initial Epley maneuver,
reflecting early symptom resolution without escalation of
care.

Early treatment failure was defined as the requirement
for escalation of diagnostic or therapeutic management
within 60 min after the initial Epley maneuver, including
additional medical treatment, diagnostic imaging, special-
ist consultation, or hospital admission.
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Statistical Analysis

Continuous variables were expressed as median and in-
terquartile range (IQR), while categorical variables were
presented as frequencies and percentages.

Comparisons between the success and failure groups
were performed using the Mann—Whitney U test for con-
tinuous variables and the Chi-square test for categorical
variables.

Univariate logistic regression analysis was conducted
to identify factors associated with treatment failure. Vari-
ables with statistical significance and clinical relevance
were included in the multivariable logistic regression
model.

Multicollinearity was assessed using variance infla-
tion factors (VIF). Because hypertension, diabetes mel-
litus, history of stroke, and cardiovascular disease rep-
resent overlapping manifestations of vascular disease,
they were combined into a single composite variable
(vascular_comorbidity) rather than being included indi-
vidually in the multivariable model. This approach was
adopted to reduce multicollinearity and improve model
stability. Variables with p < 0.20 in the univariable anal-
ysis, together with those considered clinically relevant,
were included in the multivariable logistic regression
model. Emergency department length of stay was not
entered into the multivariable model because it repre-
sents a downstream variable that may be influenced by
clinical decision-making and disease progression after
presentation. Model calibration was evaluated using the
Hosmer—Lemeshow goodness-of-fit test, and model dis-
crimination was assessed using the area under the receiver
operating characteristic curve (AUC).

A p-value <0.05 was considered statistically signif-
icant. Statistical analyses were performed using Python
(version 3.12.13). Python was used for data preprocess-
ing, descriptive statistics, hypothesis testing, univariable
and multivariable logistic regression analyses, receiver
operating characteristic (ROC) curve analysis, model cali-
bration using the Hosmer—-Lemeshow goodness-of-fit test,
and the generation of graphical outputs, including box-
plots and ROC curve plots. The analyses were conducted
using the pandas, NumPy, SciPy, StatsModels, Scikit-
learn, and Matplotlib libraries.

This study was conducted and reported in accordance
with the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) guidelines.

Ethical approval for this study was obtained from the
institutional ethics committee (Approval No: KA26/191).
The study was conducted in accordance with the prin-
ciples of the Declaration of Helsinki. Due to its retro-
spective design and the use of anonymized data, informed
consent was waived. All patient data were obtained from
the hospital information system and anonymized prior to

analysis, and no additional diagnostic or therapeutic inter-
vention was performed as part of this study.

Results

A total of 774 patients with posterior canal BPPV were
included in the study. The baseline demographic and clin-
ical characteristics of the study population are presented
in Table 1. The median age was 43 years (IQR: 31-63),
and 67.4% of the patients were female. Hypertension was
present in 17.2% of patients, diabetes mellitus in 21.7%,
history of stroke in 8.3%, and cardiovascular disease in
15.1%. Overall, 36.6% of patients had at least one vas-
cular comorbidity. No newly identified focal neurological
deficits suggestive of an acute central neurological dis-
order were documented during emergency department
evaluation.

Additional computed tomography (CT) or diffusion-
weighted magnetic resonance imaging (MRI) were per-
formed in 8.5% of patients, while ear, nose and throat
(ENT) and neurology consultations were required in 1.6%
and 0.3% of cases, respectively. Hospitalization occurred
in 1.3% of patients (Table 1).

Among the 774 patients, symptom control without the
need for additional intervention within the first 60 min
was achieved in 633 patients (81.8%) following the Epley-
first approach, whereas treatment failure occurred in 141
patients (18.2%).

Among patients with treatment failure, additional CT
imaging and diffusion-weighted MRI were performed in
46.8% of cases. ENT consultation was required in 8.5%
of patients, whereas neurology consultation was uncom-
mon (1.4%). Hospitalization occurred in 7.1% of patients.
Overall, patients with treatment failure required greater
diagnostic evaluation and healthcare resource utilization.

The baseline characteristics of patients according to
treatment outcome are presented in Table 2. Significant
differences were observed in age, symptom duration, and
emergency department length of stay (all p < 0.001). Pa-
tients in the failure group were markedly older (median:
68 years, IQR: 60-75) than those in the success group
(median: 39 years, IQR: 29-55) (Figure 1). Similarly,
symptom duration was significantly longer in the failure
group (median: 90 min, IQR: 60-150) than in the success
group (median: 45 min, IQR: 30-60) (Figure 2). Emer-
gency department length of stay was also substantially
longer in the failure group (median: 95 min, IQR: 85—
120) compared with the success group (median: 35 min,
IQR: 30-45) (Figure 3). Regarding categorical variables,
hypertension, diabetes mellitus, history of stroke, cardio-
vascular disease, and vascular comorbidity were signifi-
cantly more prevalent in the failure group (all p < 0.001).
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Table 1. Baseline Characteristics of the Study Population.
Variable n (%) or
Median (IQR)
Age, years, median (IQR) 43 (31-63)
Sex (Male) 252 (32.6)
Hypertension 133 (17.2)
Diabetes mellitus 168 (21.7)
History of stroke 64 (8.3)
Cardiovascular disease 117 (15.1)
Vascular comorbidity 283 (36.6)
Newly identified focal 0 (0.0
neurological deficit
CT or diffusion MRI imaging 66 (8.5)
ENT consultation 12 (1.6)
Neurology consultation 2 (0.3)
Hospitalization 10 (1.3)
Treatment failure 141 (18.2)
CT = computed tomography; MRI = magnetic resonance imaging; ENT = ear, nose and throat.
Table 2. Baseline Characteristics of Patients According to Treatment Outcome.
Variable Success (n = 633) Failure (n = 141) p-Value
Age, median (IQR) 39.00 68.00 <0.001
(29.00-55.00) (60.00-75.00)
Symptom duration (min), 45.00 90.00 <0.001
median (IQR) (30.00-60.00) (60.00-150.00)
Emergency department 35.00 95.00 <0.001
length of stay (min), median (30.00-45.00) (85.00-120.00)
(IQR)
Sex, male, n (%) 205 (32.4) 7 (33.3) 0.906
Hypertension, n (%) 85 (13.4) 8 (34.0) <0.001
Diabetes mellitus, n (%) 103 (16.3) 5 (46.1) <0.001
History of stroke, n (%) 42 (6.6) 2 (15.6) <0.001
Cardiovascular disease, n (%) 67 (10.6) 0 (35.5) <0.001
Vascular comorbidity, n (%) 182 (28.8) 101 (71.6) <0.001

In contrast, no significant difference was observed in sex
distribution between the two groups (p = 0.906).

Univariate and Multivariable Logistic Regression
Analyses

The results of the univariable and multivariable logis-
tic regression analyses are presented in Table 3. In the
univariable analysis, age, symptom duration, hyperten-
sion, diabetes mellitus, history of stroke, cardiovascular
disease, and vascular comorbidity were all significantly

associated with treatment failure (all p < 0.01). Each 1-
year increase in age was associated with an 8% increase
in the odds of treatment failure (OR: 1.08, 95% CI: 1.06—
1.09, p < 0.001). Similarly, longer symptom duration was
significantly associated with higher odds of failure (OR:
1.03 per minute increase, 95% CI: 1.02-1.03, p < 0.001).
Among the comorbid conditions, vascular comorbidity
showed the strongest association with treatment failure
(OR: 6.26, 95% CI: 4.18-9.37, p < 0.001). In contrast,
sex was not significantly associated with treatment fail-
ure (p = 0.828).
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Figure 1. Distribution of age according to treatment outcome (success vs. failure groups).

Table 3. Univariable and Multivariable Logistic Regression Analyses of Factors Associated With Treat-

ment Failure.

Variable

Age
Sex

Symptom duration (min)

Hypertension
Diabetes mellitus
History of stroke

Cardiovascular disease
Vascular comorbidity

Univariable OR (95% CI)

1.08 (1.06-1.09)
0.96 (0.65-1.41)
1.03 (1.02-1.03)
3.33 (2.19-5.05)
4.40 (2.97-6.52)
2.60 (1.50-4.51)
4.64 (3.03-7.12)
6.26 (4.18-9.37)

OR = odds ratio; Cl = confidence interval.
Variables with p < 0.20 in the univariable analysis and those considered clinically relevant were entered into the multi-
variable logistic regression model. ORs for continuous variables represent the change in odds of treatment failure per
one-unit increase (per 1 year for age and per 1 min for symptom duration). ORs for categorical variables compare the

presence vs. absence of the corresponding condition.

p-Value

<0.001
0.828

<0.001
<0.001
<0.001
0.001

<0.001
<0.001

Multivariable OR

(95% Cl)
1.06 (1.04-1.08)

1.03 (1.02-1.03)

1.33 (0.72-2.44)

p-Value

<0.001

<0.001

0.358
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Figure 2. Distribution of symptom duration according to treatment outcome (success vs. failure groups).

Because hypertension, diabetes mellitus, history of
stroke, and cardiovascular disease represent overlapping
manifestations of vascular disease, they were combined
into a single composite variable (vascular_comorbidity)
rather than being included individually in the multivari-
able model. This approach was adopted to reduce mul-
ticollinearity and improve model stability. Emergency
department length of stay was excluded because it rep-
resents a downstream variable that may be influenced
by clinical decision-making and disease progression after
presentation. Multicollinearity was assessed using vari-
ance inflation factors (VIF), and all variables had VIF
values below five, indicating no significant multicollinear-
ity.

In the multivariable analysis, only age and symptom
duration remained independently associated with treat-
ment failure. Each 1-year increase in age was associated
with a 6% increase in the odds of treatment failure (OR:
1.06, 95% CI: 1.04-1.08, p < 0.001), while each 1-min

increase in symptom duration was associated with a 3%
increase in the odds of treatment failure (OR: 1.03, 95%
CL: 1.02-1.03, p < 0.001). In contrast, vascular comor-
bidity was not an independent predictor after adjustment
(OR:1.33,95% CI: 0.72-2.44, p = 0.358), suggesting that
its apparent association in the univariable analysis was ex-
plained by confounding with other variables, particularly
age and symptom duration.

The multivariable model demonstrated good discrim-
inatory performance, with an area under the receiver
operating characteristic curve (AUC) of 0.876 (95%
CI: 0.841-0.910). Model calibration was acceptable ac-
cording to the Hosmer—Lemeshow goodness-of-fit test
(x*=9.17,df = 8, p = 0.329).

The discriminatory performance of the multivariable
model is illustrated in Figure 4. The receiver operating
characteristic (ROC) curve demonstrates the ability of the
model to distinguish between patients with and without
treatment failure.
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Figure 3. Distribution of emergency department length of stay according to treatment outcome (success vs. failure groups).

Discussion

BPPV is one of the most common causes of dizziness
in ED presentations, accounting for a substantial propor-
tion of visits and contributing significantly to healthcare
utilization (1). In this study, we demonstrated that an
“Epley-first” approach is highly effective for the early
management of posterior canal BPPV in the ED, with
more than 80% of patients achieving symptom resolution
within the first 60 min without requiring additional inter-
vention. These findings are consistent with a large body of
evidence supporting the effectiveness of canalith reposi-
tioning maneuvers. Systematic reviews and meta-analyses
have shown that the Epley maneuver significantly im-
proves symptom resolution compared to control or sham
interventions across both primary-care and subspecialty
settings (2,4). Similarly, recent randomized and observa-
tional studies confirm that modified and standard Epley
maneuvers are highly effective in posterior canal BPPV,
reinforcing their role as first-line therapy (3). Network

meta-analyses further support the superiority of repo-
sitioning maneuvers over usual care, highlighting their
central role in BPPV management (5).

A key finding of our study is that treatment failure
following an Epley-first approach is not random but can
be predicted based on patient characteristics. Increasing
age and longer symptom duration were independently
associated with a higher likelihood of treatment fail-
ure. These findings are clinically relevant and consis-
tent with previous reports indicating that BPPV is more
prevalent and potentially more complex in older popu-
lations (5,6). Age-related degenerative changes, altered
vestibular function, and microvascular impairment may
contribute to reduced responsiveness to repositioning ma-
neuvers. Although vascular comorbidities (such as hyper-
tension, diabetes mellitus, and prior stroke) were strongly
associated with treatment failure in univariate analyses,
this relationship did not persist after multivariable adjust-
ment. This suggests that the observed association may
be largely explained by confounding effects of age, em-
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Figure 4. Receiver operating characteristic (ROC) curve of the multivariable logistic regression model predicting treatment

failure (area under the curve [AUC] = 0.876).

phasizing the importance of multivariable modeling in
identifying true independent predictors.

Importantly, our study extends beyond demonstrating
treatment effectiveness by providing a clinically appli-
cable prediction model for early treatment failure. The
multivariable model, incorporating age and symptom du-
ration, demonstrated strong discriminative performance
with an AUC of 0.876. These findings suggest that clin-
icians may reliably anticipate treatment outcomes at the
bedside using readily available clinical variables. In the
time-sensitive ED environment, such predictive capability
may facilitate more individualized patient management,
thereby allowing early identification of patients who may
require additional interventions, closer observation, or
further diagnostic evaluation.

Another important observation from this study is that
the Epley-first approach was successfully implemented
in appropriately selected patients. Only patients with a
positive Dix—Hallpike test and without newly identified
focal neurological findings or other clinical features sug-
gestive of central vertigo were managed according to this
pathway. Patients in whom positional testing could not be
performed or interpreted reliably were excluded from the
study.

These findings should therefore be interpreted within
the context of appropriate patient selection rather than
as evidence that bedside maneuvers can replace compre-
hensive neurological evaluation or neuroimaging when
clinically indicated. Early CT has limited sensitivity for
posterior circulation stroke, and even diffusion-weighted
MRI may be falsely negative during the first 24—48 h af-
ter symptom onset (9). Accordingly, bedside positional
testing should complement, rather than replace, clinical
judgment in the evaluation of patients presenting with ver-
tigo. Likewise, bedside algorithms such as HINTS are
valuable when applied to patients with acute vestibular
syndrome by appropriately trained clinicians (8).

In addition to its clinical effectiveness, the Epley-
first approach has important implications for healthcare
resource utilization. Patients with treatment failure re-
quired significantly higher rates of imaging, specialist
consultations, and hospital admissions. This observation
is consistent with prior ED-based implementation studies
suggesting that increased use of diagnostic and therapeu-
tic bedside maneuvers may reduce unnecessary imaging
and improve efficiency in patient flow (7). Given the high
prevalence of dizziness presentations in the ED, opti-
mizing BPPV management strategies has the potential to
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substantially reduce healthcare costs and resource burden
while improving patient outcomes.

Despite strong evidence and guideline recommenda-
tions, the Dix—Hallpike test and canalith repositioning
maneuvers remain underutilized in emergency settings
(4,7). Barriers such as lack of training, diagnostic uncer-
tainty, and over-reliance on imaging contribute to this gap
between evidence and practice. Our study provides real-
world evidence supporting the feasibility of implementing
an Epley-first strategy in routine ED care and suggests that
this approach may improve adherence to evidence-based
bedside management in appropriately selected patients.

Limitations

This study has several limitations. First, its retrospective
design introduces the possibility of selection bias and lim-
its causal inference. Second, symptom duration was based
on patient-reported data and may be subject to recall bias.
Third, although no missed central neurological diagnoses
were identified during the index ED visit, the absence of
longitudinal follow-up means that delayed diagnoses can-
not be completely excluded. In addition, the absence of a
comparison group precludes direct evaluation of whether
the Epley-first approach reduces imaging utilization or
improves safety compared with alternative management
strategies. Finally, as a single-center study, the generaliz-
ability of our findings to other healthcare settings may be
limited.

Conclusions

In summary, the Epley-first approach was associated with
rapid and effective early symptom control in the majority
of carefully selected patients with posterior canal BPPV
presenting to the emergency department. Older age and
longer symptom duration were identified as independent
predictors of early treatment failure, providing readily
available variables for bedside risk stratification. These
findings support the feasibility of a structured, maneuver-
first approach for appropriately selected patients. Further
prospective multicenter studies with longitudinal follow-
up and appropriate comparison groups are warranted to
validate these findings and to further evaluate their im-
pact on clinical outcomes, imaging utilization, and patient
safety.
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Article Summary
1. Why is this topic important?
BPPV is a common cause of dizziness in the ED, yet
bedside maneuvers are often underused, leading to unnec-
essary imaging.

2. What does this study attempt to show?
This study evaluates an Epley-first approach and iden-
tifies predictors of early treatment failure.

3. What are the key findings?
81.8% early success rate. Age and symptom duration
predict failure. Strong model performance (AUC 0.876).

4. How is patient care impacted?

Findings support the feasibility of implementing an
Epley-first bedside strategy for appropriately selected pa-
tients and may facilitate more individualized diagnostic
decision-making.
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