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Abstract

Background Benign Paroxysmal Positional Vertigo (BPPV) is a common clinical
disorder characterized by self-limiting episodes and recurrent attacks, which
demonstrates favorable response to canalith repositioning procedures. However,
residual symptoms may persist following successful reduction. While numerous
studies have investigated factors influencing BPPV treatment outcomes in recent
years, comparative analyses of treatment efficacy across specific etiologies and
determinants of residual symptom development remain inadequately explored.

Objective To analyze the clinical characteristics of secondary BPPV, investigate
the influence of etiological classification on disease recurrence rates, and identify
factors affecting residual symptom development following BPPV reduction.

Methods A cohort of 340 patients diagnosed with BPPV who presented to the
Vertigo Clinic of the Department of Otolaryngology-Head and Neck Surgery
and the inpatient neurotology service of the First Hospital of Jilin University
between April 2019 and April 2021 were enrolled, all of whom consented to un-
dergo canalith repositioning procedures. Patients were stratified into primary
BPPV (primary group) and secondary BPPV (secondary group) based on the
presence or absence of underlying pathologies. The secondary group was fur-
ther subdivided into five subgroups according to etiology: Sudden Sensorineu-
ral Hearing Loss (SSNHL), Vestibular Migraine (VM), Méniére’s Disease (MD),
Vestibular Neuritis (VN), and other causes (including craniocerebral and oto-
logic surgery, Ramsay Hunt syndrome, temporal bone fracture, etc.). Clinical
characteristics and prognostic outcomes were compared between the primary
and secondary groups. Follow-up was conducted through three months post-
initial reduction, after which patients were classified into residual symptom
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and non-residual symptom groups based on the presence or absence of resid-
ual symptoms during the follow-up period. Inter-group differences in clinical
characteristics and Self-Rating Anxiety Scale (SAS) and Self-Rating Depression
Scale (SDS) scores at various time points (at diagnosis, 4 weeks post-treatment,
and 3 months post-treatment) were evaluated, and independent predictors of
residual symptom development following BPPV reduction were analyzed.

Results Among 340 patients, 184 (54.1%) comprised the primary group and 156
(45.9%) the secondary group. The secondary group exhibited younger age at
onset, higher proportion requiring more than two reduction procedures, lower
single-procedure success rate, elevated 3-month recurrence rate, increased in-
cidence of residual symptoms, and higher SAS and SDS scores at diagnosis
compared with the primary group (P<0.05). In secondary BPPV patients, age
differed significantly across etiologies (P<0.05); patients with other etiologies
(such as craniocerebral and otologic surgery, Ramsay Hunt syndrome, temporal
bone fracture, etc.) were younger than those with SSNHL, VM, MD, and VN
(P<0.05). No statistically significant differences were observed across etiolo-
gies within the secondary BPPV group regarding gender, affected semicircular
canal, number of reduction procedures, single-procedure success rate, 3-month
recurrence rate, residual symptom incidence, or SAS and SDS scores at various
time points (P>0.05). At 3 months post-initial reduction, 133 patients exhib-
ited residual symptoms while 207 did not. Residual symptoms predominantly
manifested as head heaviness (59.4%, 79/133), unsteadiness (24.06%, 32/133),
and head-neck discomfort (9.77%, 13/133), with 6.77% (9/133) experiencing
two or more concurrent symptoms. The residual symptom group demonstrated
higher proportions of secondary etiology and requirement for more than two re-
duction procedures compared with the non-residual symptom group (P<0.05);
the residual symptom group exhibited lower proportion of concurrent disease re-
currence and higher SAS and SDS scores at diagnosis, 4 weeks post-treatment,
and 3 months post-treatment compared with the non-residual symptom group
(P<0.01). Multivariate logistic regression analysis identified SAS score at di-
agnosis (OR=1.231, 95%CI=1.117~1.357, P<0.001) and SDS score at diagnosis
(OR=1.209, 95%CI1=1.113~1.314, P<0.001) as risk factors for residual symptom
development following BPPV reduction.

Conclusion Secondary BPPYV is characterized by higher incidence of residual
symptoms and elevated recurrence rates following reduction, with anxiety and
depression representing significant factors influencing residual symptom devel-
opment.
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Abstract

Background: Benign paroxysmal positional vertigo (BPPV) is a common
clinical disease characterized by self-limiting and recurrent episodes. Manual
canalith repositioning procedures yield good therapeutic efficacy, though some
patients experience residual symptoms post-treatment. While numerous stud-
ies have examined factors influencing BPPV treatment outcomes, comparisons
between specific etiologies and factors affecting residual symptom development
require further investigation.

Objective: To analyze the clinical features of secondary BPPV, investigate
how etiological classification affects recurrence rates, and identify risk factors
for residual symptoms following canalith repositioning.

Methods: A total of 340 patients diagnosed with BPPV at the Vertigo Clinic
of the Department of Otorhinolaryngology Head and Neck Surgery and Inpa-
tient Otology Department of the First Hospital of Jilin University between April
2019 and April 2021 were enrolled, all agreeing to undergo manual reposition-
ing treatment. Patients were divided into primary BPPV (primary group) and
secondary BPPV (secondary group) based on the presence or absence of under-
lying diseases. The secondary group was further subdivided into five subgroups
according to etiology: sudden sensorineural hearing loss (SSNHL), vestibular
migraine (VM), Méniere’s disease (MD), vestibular neuritis (VN), and others
(including cranial and ear surgery, Hunt syndrome, temporal bone fracture,
etc.). Clinical features and prognosis were compared between the primary and
secondary groups. Follow-up continued until three months after the initial
repositioning, after which patients were classified into residual symptom and
non-residual symptom groups based on symptom occurrence during follow-up.
Differences in clinical characteristics and Self-rating Anxiety Scale (SAS) and
Self-rating Depression Scale (SDS) scores at different time points (at diagnosis,
4 weeks post-treatment, and 3 months post-treatment) were compared between
groups, and independent risk factors for residual symptoms were analyzed.

Results: Among 340 patients, 184 (54.1%) were in the primary group and
156 (45.9%) in the secondary group. Compared with the primary group, the
secondary group had younger age at onset, higher proportion requiring more
than two repositioning procedures, lower success rate after single repositioning,
higher 3-month recurrence rate, higher incidence of residual symptoms, and
higher SAS and SDS scores at diagnosis (all P<0.05). Among secondary BPPV
patients, age differed significantly across etiologies (P<0.05), with patients in
the “other causes” subgroup being younger than those with SSNHL, VM, MD,
and VN (P<0.05). No significant differences were observed across secondary
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BPPV etiologies in gender, semicircular canal involvement, number of repo-
sitioning procedures, single-procedure success rate, 3-month recurrence rate,
residual symptom incidence, or SAS/SDS scores at any time point (P>0.05).

Three months after initial repositioning, 133 patients developed residual symp-
toms and 207 did not. Residual symptoms primarily manifested as head heav-
iness (59.4%, 79/133), instability (24.06%, 32/133), and head/neck discomfort
(9.77%, 13/133), with 6.77% (9/133) experiencing two or more symptoms simul-
taneously. The residual symptom group had higher proportions of secondary
etiology and patients requiring >2 repositioning procedures (P<0.05), lower
proportion of disease recurrence (P<0.01), and higher SAS and SDS scores at
diagnosis, 4 weeks, and 3 months compared with the non-residual symptom
group (P<0.01). Multivariate logistic regression analysis revealed that SAS
score at diagnosis (OR=1.231, 95%CI=1.117-1.357, P<0.001) and SDS score
at diagnosis (OR=1.209, 95%CI=1.113-1.314, P<0.001) were independent risk
factors for residual symptom development.

Conclusion: Secondary BPPV is characterized by higher incidence of residual
symptoms and recurrence after canalith repositioning. Anxiety and depression
significantly influence the occurrence of residual symptoms post-repositioning.

Keywords: Benign paroxysmal positional vertigo; Vestibular diseases; Resid-
ual symptoms; Psychological factors; Root cause analysis

Introduction

Benign paroxysmal positional vertigo (BPPV) is a common peripheral vestibu-
lar disorder in otology, with a lifetime prevalence of 2.4% [1]. Typical episodes
involve brief vertigo, floating sensations, and instability triggered by head posi-
tion changes relative to gravity, accompanied by characteristic nystagmus [2].
BPPV is classified as primary or secondary based on etiology. Primary BPPV,
accounting for 50%-70% of cases, may be associated with degenerative changes
in the otolithic organs. Secondary BPPV results from other inner ear or systemic
conditions including sudden sensorineural hearing loss (SSNHL), vestibular mi-
graine (VM), Méniere's disease (MD), vestibular neuritis (VN), surgery, head
trauma, Hunt syndrome, and other disorders [3]. While most patients improve
after canalith repositioning procedures, some develop residual symptoms (RS)
manifesting as head heaviness, instability, head/neck discomfort, and anxiety
about recurrent vertigo without typical positional vertigo or nystagmus [4].

Meta-analyses have identified female sex, hypertension, diabetes, hyperlipi-
demia, osteoporosis, and vitamin D deficiency as risk factors for BPPV
recurrence [5]. This study collected data from BPPV patients at the First
Hospital of Jilin University to further investigate the etiological classification of
secondary BPPV | its impact on recurrence rates, and risk factors for residual
symptoms after repositioning, aiming to improve precise diagnosis, treatment,
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and prognostic analysis.

Methods
Study Design and Participants

This study enrolled 340 patients diagnosed with BPPV at the Vertigo Clinic of
the Department of Otorhinolaryngology Head and Neck Surgery and Inpatient
Otology Department of the First Hospital of Jilin University between April 2019
and April 2021. All patients agreed to undergo manual canalith repositioning,
complete questionnaires, and participate in follow-up, and provided informed
consent. Inclusion criteria: diagnosis of BPPV according to the 2017 BPPV
Diagnosis and Treatment Guidelines [3]. All patients underwent detailed his-
tory taking regarding current symptoms and past medical history (including
vertigo, dizziness, vestibular-visual symptoms, postural symptoms, autonomic
symptoms, tinnitus, hearing loss, headache, photophobia, phonophobia, surgical
history, and trauma). Secondary BPPV diagnosis was established based on diag-
nostic criteria for SSNHL, VM, MD, VN, Hunt syndrome, and other conditions.
Exclusion criteria: microcirculation disorders due to hypertension, diabetes, or
other factors; refusal or inability to cooperate with standardized repositioning
maneuvers; severe systemic diseases; illiteracy or inability to complete scales or
cooperate with follow-up. This study was approved by the Ethics Committee
of the First Hospital of Jilin University (Approval No. 2021-527) and complied
with the Declaration of Helsinki.

Patient Grouping

Patients were divided into primary BPPV (primary group) and secondary BPPV
(secondary group) based on the presence or absence of underlying diseases. The
secondary group was further subdivided into five subgroups by etiology: SSNHL,
VM, MD, VN, and others (including cranial and ear surgery, Hunt syndrome,
temporal bone fracture, etc.). Additionally, based on residual symptom oc-
currence during follow-up, patients were classified into residual symptom and
non-residual symptom groups.

Treatment Protocol

All patients received standardized canalith repositioning procedures: the Ep-
ley maneuver for posterior canalithiasis, Semont liberation for posterior cupu-
lolithiasis, Barbecue rotation for horizontal canalithiasis, Gufoni maneuver for
horizontal cupulolithiasis, and modified Epley for superior canal BPPV. Sec-
ondary BPPV patients received concurrent treatment for their primary diseases
according to relevant guidelines (e.g., SSNHL, MD). Patients with positive po-
sitional tests during follow-up underwent repeat repositioning, while those with
residual symptoms received symptomatic treatment including medication and
vestibular rehabilitation training. Patients with elevated SAS and SDS scores
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received anti-anxiety/depression treatment in consultation with the Psychiatry
Department.

Outcome Measures

Baseline indicators: Before treatment, patient age, sex, affected semicircular
canal, presence of primary disease, and SAS/SDS scores were recorded. The
SAS is a standard scale for assessing anxiety severity and treatment response
(<50 normal, 50-60 mild anxiety, 61-70 moderate anxiety, >70 severe anxiety).
The SDS reflects subjective depressive symptoms and treatment changes (<53
normal, 53-62 mild depression, 63-72 moderate depression, >72 severe depres-
sion) [6].

Follow-up indicators: All patients were followed up at 2 days, 4 weeks, and
3 months post-treatment regardless of recurrence or residual symptoms. Follow-
up included symptom assessment, positional testing, and collection of SAS/SDS
scores at 4 weeks and 3 months. Based on patient reports, positional test re-
sults, and nystagmus findings, we calculated: single-procedure success rate (pro-
portion achieving symptom control without recurrence or residual symptoms
after one maneuver), 3-month recurrence rate (proportion with recurrence dur-
ing follow-up), number of repositioning procedures, residual symptom incidence
(proportion developing residual symptoms during follow-up), timing of residual
symptom onset, and predominant symptoms.

Statistical Analysis

Data were analyzed using SPSS 25.0 software. Normally distributed continuous
variables were expressed as mean 4 standard deviation (X4s) and compared
between two groups using independent samples t-tests; multiple groups were
compared using one-way ANOVA. Categorical variables were expressed as per-
centages and compared using 2 tests or Fisher’s exact test, with Bonferroni
correction for multiple comparisons. Variables showing statistical and clinical
significance in univariate analysis were entered as independent variables into a
logistic regression model with residual symptom occurrence as the dependent
variable. Stepwise regression using the likelihood ratio test was performed, calcu-
lating odds ratios (OR) and 95% confidence intervals (CI) to assess associations.
P<0.05 was considered statistically significant.

Results

Comparison of Clinical Features Between Primary and Secondary
Groups

Among 340 patients, 184 (54.1%) were in the primary group and 156 (45.9%)
in the secondary group. The secondary group had younger age at onset,
higher proportion requiring more than two repositioning procedures, lower
single-procedure success rate, higher 3-month recurrence rate, higher residual
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symptom incidence, and higher SAS and SDS scores at diagnosis compared
with the primary group (all P<0.05). No significant differences were found
between groups in sex, affected semicircular canal, or SAS/SDS scores at 4
weeks and 3 months (P>0.05) .

Comparison of Clinical Features by Etiology in Secondary BPPV

Among secondary BPPV patients, age differed significantly across etiologies
(P<0.05), with patients in the “other causes” subgroup being younger than
those with SSNHL, VM, MD, and VN (P<0.05). No significant differences
were observed across etiological subgroups in sex, affected semicircular canal,
number of repositioning procedures, single-procedure success rate, 3-month re-
currence rate, residual symptom incidence, or SAS/SDS scores at any time point
(P>0.05) .

Comparison of Clinical Features Between Residual Symptom and
Non-Residual Symptom Groups

Three months after initial repositioning, 133 patients developed residual symp-
toms and 207 did not. Residual symptoms primarily manifested as head heav-
iness (59.4%, 79/133), instability (24.06%, 32/133), and head/neck discomfort
(9.77%, 13/133), with 6.77% (9/133) experiencing two or more symptoms. The
residual symptom group had higher proportions of secondary etiology and pa-
tients requiring >2 repositioning procedures (P<0.05), lower proportion of dis-
ease recurrence (P<0.01), and higher SAS and SDS scores at diagnosis, 4 weeks,
and 3 months compared with the non-residual symptom group (P<0.01). No
significant differences were found in age, sex, or affected semicircular canal be-
tween groups (P>0.05) .

Logistic Regression Analysis

Multivariate logistic regression analysis was performed with residual symptom
occurrence as the dependent variable and five clinically significant indicators
from univariate analysis as independent variables (see variable assignment in
). Results showed that SAS score at diagnosis (OR=1.231, 95%CI=1.117-
1.357, P<0.001) and SDS score at diagnosis (OR=1.209, 95%CI=1.113-1.314,
P<0.001) were independent risk factors for residual symptom development after
BPPV repositioning .

Discussion

The precise pathogenesis of BPPV remains unclear. The widely accepted mecha-
nisms involve dislodged otoconial debris from the utricle entering the semicircu-
lar canals (canalithiasis) or adhering to the cupula (cupulolithiasis), with head
movements causing endolymph flow that alters vestibular hair cell firing rates
and produces vertigo [7]. This requires both otoconial detachment and intact
or partially intact semicircular canal function. Elderly women often develop

chinarxiv.org/items/chinaxiv-202401.00174 Machine Translation


https://chinarxiv.org/items/chinaxiv-202401.00174

ChinaRxiv [$X]

BPPV due to vitamin D deficiency [8], altered sex hormone levels, and cal-
cium metabolism disturbances affecting otoconial production and absorption,
with the posterior canal being most commonly affected due to its dependent
anatomical position [9], consistent with our findings.

Canalith repositioning maneuvers represent the most effective BPPV treatment,
providing rapid symptom relief. One domestic study reported a 79% single-
procedure efficacy [10], whereas our secondary group showed only 42.9% suc-
cess, with most requiring multiple procedures and showing higher recurrence
rates. This may relate to inadequate control of primary diseases, severe inner
ear dysfunction, or pronounced inflammatory responses, with potential for re-
detachment of otoconial fragments post-repositioning. Studies demonstrate that
anxiety, depression, and fear significantly reduce repositioning efficacy [11], and
our results show most secondary group patients had mild depression at diagno-
sis. The mechanism may involve impaired neuroinflammatory and endocrine re-
sponses from negative emotions, with similar inflammatory pathways [e.g., inter-
leukin (IL)-1/3] triggering recurrent vascular spasm and otoconial displacement
[12]. Stress from anxiety and depression may also activate the hypothalamic-
pituitary-adrenal axis dysfunction [13] or cause 5-hydroxytryptamine (5-HT)
dysfunction. The vestibular nuclear complex contains numerous 5-HT recep-
tors, and 5-HT deficiency may significantly impact neuronal electrophysiology
and vestibular nuclear function [14]. Secondary BPPV patients with underlying
inner ear disease have lower overall antioxidant capacity and poorer tolerance
to stress responses, predisposing to BPPV occurrence and recurrence.

Clinically, 5%-19% of SSNHL patients develop BPPV during their disease
course. LEE et al. [15] found BPPV can occur within 24 hours of SSNHL
onset, with approximately 83.3% occurring simultaneously. BPPV primarily
occurs in SSNHL patients with profound hearing loss, usually ipsilaterally.
WU et al. [16] proposed that inner ear circulatory disturbance or viral infection
in SSNHL patients impairs vestibular organ blood supply, disrupting otoconial
metabolism and causing detachment. VM commonly presents with spontaneous
and positional vertigo accompanied by positional nystagmus [17]. SUGAYA
et al. [18] suggested secondary BPPV in VM results from migraine-induced
labyrinthine artery spasm causing utricular and saccular dysfunction and
otoconial detachment. VM patients often experience anxiety and insomnia,
which may indirectly contribute to secondary BPPV. OUYANG et al. [19]
found these patients often involve the horizontal canal, whereas our study
showed posterior canal predominance, possibly due to our smaller sample size
lacking representativeness.

MD with secondary BPPV is not uncommon. The mechanism may involve
endolymphatic hydrops disrupting inner ear blood supply, causing fibrosis of
the utricular and saccular maculae and promoting otoconial detachment [20].
Detached otoconial particles may also affect longitudinal endolymph flow and
absorption, worsening hydrops [21], creating a vicious cycle of recurrent attacks.
VN often relates to viral infection; anatomically, involvement of the utricular
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branch of the vestibular nerve can impair utricular function and promote oto-
conial detachment. Superior vestibular nerve injury causes horizontal semicir-
cular canal dysfunction and reduced gain, potentially preventing typical posi-
tional vertigo when otoconia enter the horizontal canal due to functional loss,
explaining why VN-related BPPV commonly affects the posterior canal. Sec-
ondary BPPV etiologies are diverse; current evidence suggests post-maxillofacial
surgery BPPV relates to mechanical forces, intraoperative positioning, and in-
ner ear blood supply disruption [22]; Hunt syndrome involves varicella-zoster
virus affecting vestibular and geniculate ganglia, damaging vestibular organs
and the utricle; head trauma can damage otoconial and otolithic membrane
proteins, causing utricular detachment [23]. These patients are younger than
other etiological subgroups, and their brief vertigo episodes may be overlooked,
leading to missed diagnosis.

Recent studies show 13%-61% of patients develop head heaviness, instability,
head/neck discomfort, and other symptoms with negative positional tests and
nystagmus after successful repositioning, i.e., residual symptoms [24]. Mecha-
nisms may include incomplete repositioning with residual subthreshold otoconial
fragments [25], delayed vestibular function recovery with inadequate central
compensation [26], or vestibular nuclear degeneration reducing neural signal
conduction [27]. Secondary BPPV involving inner ear pathology can affect
the superior vestibular nerve and labyrinthine artery, causing severe vestibular
dysfunction and higher residual symptom probability. Multiple repositioning
procedures may constitute repeated vestibular organ injury, increasing damage
and residual symptom risk [28], supporting our findings. Our study also exam-
ined psychosocial factors, revealing higher SAS and SDS scores at diagnosis and
all follow-up time points in patients with residual symptoms, with diagnostic
SAS and SDS scores being independent risk factors. The mechanism warrants
further investigation but may involve inflammatory responses, hypothalamic-
pituitary-adrenal axis dysfunction, and dizziness-induced circuit disturbances
in hippocampal and amygdala pathways affecting neurotransmitter release and
reuptake, exacerbating anxiety and depression. Although secondary etiology
showed statistical significance in univariate analysis for residual symptoms, it
was excluded from the regression model, suggesting its effect was attenuated or
replaced by other factors, requiring validation after controlling for confounders.
Only two patients experienced both recurrence and residual symptoms during
follow-up, possibly because recurrent BPPV with positive positional tests and
nystagmus may obscure residual symptom diagnosis. Studies indicate that mul-
tiple repositioning procedures, older age, and longer disease duration are in-
dependent recurrence risk factors [29], with recurrence and residual symptoms
having similar clinical presentations but different management approaches, ne-
cessitating careful differentiation to avoid missed diagnosis and ensure precise
treatment.

Limitations: This study focused on psychological factors affecting residual
symptom development; future research should incorporate multiple variables
while controlling for confounders.
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