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rent BPPV. Methods: A preliminary observational study was performed in
preminr Ao

approximately twenty patients with recurrent BPPV treated with standard
canalith repositioning maneuvers followed by oral alkalinizing mineral sup-
plementation (Alkimo HP®, one sachet twice daily). Clinical outcomes were
evaluated according to recurrence of positional vertigo during follow-up and
subjective improvement in balance and quality of life. Four representative clin-
ical cases are presented. Results: During the observation period, all patients
reported subjective clinical improvement after initiation of supplementation.
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Several patients remained free of recurrent positional vertigo throughout fol-
low-up, whereas recurrence was observed in some patients after treatment dis-
continuation. The representative clinical cases consistently demonstrated a re-
duction in recurrence frequency associated with improved postural stability
and quality of life. Conclusions: Microvascular impairment may represent the
common biological pathway linking many recognized risk factors for recur-
rent BPPV, including aging, hypertension, diabetes mellitus, hyperlipidemia,
migraine, and chronic sleep disorders. We hypothesize that chronic labyrin-
thine hypoperfusion induces activation of hypoxia-responsive metabolic path-
ways, leading to extracellular acidification, alteration of the otoconial extracel-
lular matrix, and increased susceptibility to otoconial detachment. Although
preliminary clinical observations are encouraging, controlled prospective stud-
ies are necessary to validate both the proposed pathogenetic model and its ther-
apeutic implications.
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1. Introduction

Benign paroxysmal positional vertigo (BPPV) represents the most common cause
of peripheral vertigo and one of the most frequent vestibular disorders encoun-
tered in otolaryngological and neurological practice [1]. The lifetime prevalence
has been estimated at approximately 2.4%, with a marked increase after the fifth
decade of life and a higher incidence among women. Canalith repositioning ma-
neuvers, including those described by Epley and Semont, achieve complete symp-
tom resolution in most patients and currently constitute the gold standard treat-
ment recommended by international guidelines [2] [3].

Nevertheless, recurrence remains a major unresolved clinical problem, with re-
ported rates ranging from 15% - 30% during the first year to nearly 50% after
prolonged follow-up [2] [4]. The currently accepted pathogenetic model is based on
the detachment of calcium carbonate crystals (otoconia) from the utricular macula,
followed by migration into one or more semicircular canals. Depending on whether
these particles remain free within the endolymph (canalolithiasis) or become adher-
ent to the cupula (cupulolithiasis), abnormal stimulation of vestibular hair cells gen-
erates the characteristic positional vertigo and nystagmus [5].

Although this mechanical theory adequately explains the immediate clinical
manifestations of BPPV, it does not clarify why some individuals experience re-
peated recurrences despite technically successful repositioning maneuvers. The
persistence or recurrence of otoconial detachment strongly suggests that the un-
derlying pathological process involves chronic alterations of the utricular macula

rather than merely mechanical displacement of otolithic debris. Electron micros-
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copy studies performed on specimens obtained during posterior semicircular ca-
nal occlusion have demonstrated both intact and degenerating otoconia surrounded
by amorphous gelatinous material, providing direct evidence of progressive de-
generation of the otoconial membrane [5]. These findings indicate that recurrent
BPPV should be regarded not simply as a disorder of displaced particles but as a
disease affecting the biological integrity of the otolithic extracellular matrix.

Recurrent benign paroxysmal positional vertigo is a clinical condition charac-
terized by recurring episodes of intense rotational vertigo of very short duration
(less than one minute), triggered by specific head movements or changes in head
position. Medical assessment involves the Dix-Hallpike maneuver, diagnostic im-
aging (contrast-enhanced MRI), and an evaluation of the symptoms and the cir-
cumstances under which they occur.

Over the past decade, numerous epidemiological studies have identified several
independent predictors of recurrent BPPV, including advanced age, female sex, os-
teoporosis, vitamin D deficiency, hypertension, diabetes mellitus, hyperlipidemia,
migraine, Méniére’s disease, chronic insomnia, and cerebrovascular disease [3] [5]
[6]. At first glance, these conditions appear unrelated; however, they share a com-
mon feature: each may impair systemic or local microvascular function.

This observation raises an important question: rather than representing inde-
pendent risk factors, could these apparently diverse conditions contribute to a
common pathophysiological pathway characterized by chronic labyrinthine hy-
poperfusion and progressive degeneration of the otoconial membrane?

The present article develops this hypothesis by integrating current knowledge
regarding inner ear microcirculation, cellular adaptation to hypoxia, extracellular
matrix biology, and metabolic regulation. We propose that recurrent BPPV rep-
resents the final clinical expression of chronic microcirculatory dysfunction lead-
ing to tissue hypoxia, activation of hypoxia-inducible pathways, extracellular acid-
ification, and structural weakening of the otoconial membrane. Within this theo-
retical framework, the preliminary clinical observations obtained following oral
alkalinizing mineral supplementation are presented not as evidence of therapeutic

efficacy but as hypothesis-generating findings deserving further investigation.

2. Current Evidence on Risk Factors for Recurrent BPPV

Despite the high success rate of canalith repositioning maneuvers, recurrence re-
mains a common clinical event. Recent systematic reviews and meta-analyses have
confirmed that recurrence is influenced by multiple systemic conditions rather than
by vestibular factors alone [6].

Advanced age is among the strongest predictors of recurrence. Degenerative
changes affecting both the utricular neuroepithelium and the extracellular matrix
progressively reduce the mechanical stability of the otoconial membrane, facilitating
spontaneous detachment of otoconia. Age-related vascular alterations may fur-
ther aggravate this process through chronic reduction of labyrinthine perfusion.

Hypertension has consistently emerged as another important risk factor [6].
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Long-standing arterial hypertension induces endothelial dysfunction, arteriolar
remodeling, and impairment of capillary blood flow. Because the inner ear is sup-
plied by terminal arteries lacking significant collateral circulation, even modest
reductions in microvascular perfusion may compromise metabolic homeostasis
of the utricular macula [7].

Similarly, diabetes mellitus contributes to chronic microangiopathy through
endothelial injury, oxidative stress, and thickening of capillary basement mem-
branes. Histopathological studies have demonstrated diabetic alterations involv-
ing both cochlear and vestibular structures, supporting the concept that vestibular
dysfunction may represent one manifestation of systemic microvascular disease.

Hyperlipidemia further contributes to vascular impairment by promoting en-
dothelial dysfunction and progressive atherosclerosis [5]. Reduced blood flow
may impair oxygen delivery and nutrient exchange within the metabolically active
vestibular neuroepithelium.

Migraine has also been repeatedly associated with recurrent BPPV [5]. Alt-
hough its precise mechanism remains uncertain, transient vasospasm, neurovas-
cular inflammation, and endothelial dysfunction have all been proposed as possi-
ble contributors to repeated otolithic injury.

Vitamin D deficiency has attracted considerable attention because of its role in
calcium metabolism and otoconial mineralization. Several randomized studies sug-
gest that correction of vitamin D deficiency reduces BPPV recurrence in selected
patients, although the exact biological mechanism remains incompletely under-
stood [5].

More recently, chronic insomnia has emerged as an additional predictor of re-
currence [8]. Sleep deprivation is associated with increased sympathetic activity,
endothelial dysfunction, oxidative stress, and systemic inflammation, all of which
may adversely affect inner ear microcirculation. Improvement of sleep quality
through behavioral interventions has been associated with lower recurrence rates
in preliminary studies.

Although these risk factors have traditionally been considered separately, their
coexistence in many patients suggests the existence of a common pathogenic mech-
anism. The hypothesis proposed in this article is that chronic microvascular insuf-
ficiency represents the biological substrate through which these apparently diverse
clinical conditions converge to promote progressive degeneration of the otoconial

membrane.

3. Microcirculatory Dysfunction as the Common Biological
Denominator

The inner ear possesses one of the most metabolically active microvascular sys-
tems in the human body. Its arterial supply derives almost exclusively from the
labyrinthine artery, a terminal vessel that lacks functionally significant collateral
circulation [9]. Consequently, vestibular tissues are particularly vulnerable to even

transient reductions in blood flow.
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Experimental studies have demonstrated that relatively mild ischemia rapidly al-
ters ionic homeostasis, mitochondrial metabolism, and extracellular matrix turno-
ver within the vestibular sensory organs. Chronic reductions in tissue perfusion may
therefore produce cumulative structural damage long before irreversible cellular de-
generation becomes clinically evident.

Interestingly, nearly all clinical conditions associated with recurrent BPPV—in-
cluding hypertension, diabetes mellitus, hyperlipidemia, aging, migraine, chronic
insomnia, smoking, and cerebrovascular disease—share the capacity to impair en-
dothelial function and microvascular perfusion [5] [7] [8]. Rather than acting as
isolated risk factors, these disorders may therefore converge on a common final
pathway characterized by chronic labyrinthine hypoxia. This concept provides a co-
herent biological framework capable of integrating the diverse epidemiological ob-

servations reported over the past two decades.

4. Biology of the Otoconial Membrane

The otoconial membrane is a highly specialized extracellular matrix covering the
sensory epithelium of the utricular and saccular maculae. Rather than represent-
ing a passive mechanical structure, it is a biologically active extracellular scaffold
responsible for maintaining the spatial organization and mechanical stability of
otoconia.

Otoconia are microscopic biomineralized particles composed predominantly of
calcium carbonate (CaCOs) deposited on an organic protein matrix [6]. Approxi-
mately 90% - 95% of their mineral content consists of calcite crystals, while the re-
maining fraction is composed of glycoproteins, proteoglycans, collagen, glycosa-
minoglycans, and other extracellular matrix components that regulate crystal nu-
cleation, growth, and attachment.

Among the structural proteins, Otoconin-90 (OC90) is the major organic con-
stituent of mammalian otoconia and plays a critical role in calcium carbonate bio-
mineralization. Experimental studies have demonstrated that alterations in OC90
expression produce abnormal crystal morphology and reduced mechanical stability
of otoconia. Another essential component is Otolin-1, a collagen-like glycoprotein
that forms the scaffold connecting otoconia to the gelatinous membrane. Addi-
tional extracellular proteins—including keratan sulfate proteoglycans, collagen
type IV, laminin, and fibrillar glycoproteins—contribute to maintaining the vis-
coelastic properties of the otoconial membrane.

The integrity of this extracellular matrix is fundamental for vestibular function.
Under physiological conditions, continuous remodeling of extracellular matrix pro-
teins is balanced by controlled synthesis, enzymatic degradation, calcium homeo-
stasis, and local ionic regulation. Aging progressively disrupts this equilibrium, re-
sulting in fragmentation of the gelatinous matrix, partial detachment of otoconia,
and increased susceptibility to positional vertigo [6].

Electron microscopy studies have confirmed that patients undergoing surgery

for intractable BPPV exhibit both intact and degenerating otoconia surrounded
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by amorphous matrix material [6]. These observations strongly suggest that re-
current BPPV represents not only a mechanical disorder of displaced particles but
also a degenerative disease affecting the extracellular matrix responsible for an-
choring otoconia to the utricular macula.

Consequently, degeneration of the otoconial membrane should be viewed as a
dynamic biological process rather than a purely age-related phenomenon. Identi-
fying the mechanisms responsible for extracellular matrix instability may there-

fore provide new therapeutic targets beyond simple canalith repositioning.

5. Cellular Response to Hypoxia

Adequate oxygen delivery is essential for the metabolic homeostasis of the inner
ear. Vestibular sensory organs possess one of the highest metabolic demands in
the human body and rely almost exclusively on oxidative phosphorylation for
ATP production. The labyrinthine artery is an end artery with virtually no collat-
eral circulation [7]. Consequently, even modest reductions in blood flow may in-
duce chronic tissue hypoxia, particularly in patients with systemic microvascular
disease.

Under normoxic conditions, pyruvate generated through glycolysis enters mi-
tochondria, where pyruvate dehydrogenase converts it into acetyl-CoA, allowing
oxidative phosphorylation to generate approximately 30 - 32 ATP molecules per
glucose molecule. When oxygen availability decreases, this metabolic pathway un-
dergoes profound reprogramming. Reduced oxygen tension inhibits pyruvate de-
hydrogenase activity and stabilizes hypoxia-inducible factor-1 alpha, a transcrip-
tion factor that orchestrates cellular adaptation to hypoxia [9] [10].

Factor-1 alpha induces the expression of multiple genes involved in anaerobic
metabolism, including glucose transporters (GLUT-1), glycolytic enzymes, py-
ruvate dehydrogenase kinase (PDK), and lactate dehydrogenase A (LDH-A) [9]
[11]. Pyruvate is consequently diverted away from mitochondrial oxidation toward
conversion into lactate, allowing glycolysis to continue despite reduced oxygen
availability.

Although this metabolic adaptation preserves short-term cellular survival,
chronic activation of the HIF pathway has important biological consequences [9].
Progressive lactate accumulation contributes to local extracellular acidification,
modifies the ionic composition of the extracellular environment, and influences
multiple signaling pathways regulating inflammation, extracellular matrix remod-
eling, angiogenesis, and tissue repair [12].

Recent experimental evidence indicates that chronic hypoxia also alters extra-
cellular matrix turnover through modulation of matrix metalloproteinases (MMPs),
tissue inhibitors of metalloproteinases (TIMPs), collagen synthesis, and proteo-
glycan metabolism. Similar mechanisms have been implicated in degenerative dis-
eases affecting cartilage, intervertebral discs, tendons, vascular walls, and other
connective tissues.

Although direct evidence involving the otoconial membrane is currently una-
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vailable, it is biologically plausible that chronic labyrinthine hypoxia may induce

comparable extracellular matrix remodeling within the utricular macula. Progres-

sive weakening of the gelatinous scaffold could reduce the mechanical anchorage of

otoconia, thereby increasing their susceptibility to spontaneous detachment and mi-

gration into the semicircular canals. This hypothesis provides a coherent mechanis-

tic link between systemic microvascular disorders and recurrent BPPV.

6. Proposed Pathophysiological Model of Recurrent BPPV
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The hypothesis proposed in the present study does not replace the canalolithi-
asis theory [1]; rather, it extends it by addressing the biological events that may
precede otoconial detachment.

We propose that recurrent BPPV represents the final clinical manifestation of
a chronic degenerative process affecting the otoconial extracellular matrix [5]. Ac-
cording to this model, several apparently unrelated systemic disorders—including
aging, hypertension, diabetes mellitus, hyperlipidemia, migraine, chronic insom-
nia, smoking, osteoporosis, and other conditions associated with endothelial dys-
function—share the ability to impair labyrinthine microcirculation [5] [7] [8].

Progressive microvascular dysfunction may produce chronic low-grade hy-
poperfusion of the utricular macula. Because vestibular sensory organs possess
limited metabolic reserve and are supplied by terminal arteries without significant
collateral circulation, persistent reduction of oxygen delivery may induce repeated
episodes of subclinical tissue hypoxia.

Activation of hypoxia-inducible factor-1 alpha (HIF-1a) constitutes the princi-
pal adaptive response to reduced oxygen availability [10]. While this mechanism
preserves cellular viability through metabolic reprogramming toward anaerobic
glycolysis, prolonged activation may also modify extracellular matrix homeostasis
(9] [11].

Progressive remodeling of the gelatinous matrix could weaken the structural
linkage between otoconia and the utricular macula. Mechanical stresses generated
by normal head movements would then be sufficient to detach previously desta-
bilized otoconia, allowing migration into the semicircular canals and producing
recurrent episodes of positional vertigo [1]. Within this framework, canalolithiasis
represents the terminal mechanical event of a much longer biological process

characterized by chronic extracellular matrix degeneration (see Figure 1).

7. Integration with Current Literature

The proposed model should be regarded as an extension rather than an alternative
to the current pathogenetic theory of BPPV. The classical canalolithiasis hypoth-
esis, originally formulated by Hall, Ruby and McClure and subsequently refined
by Parnes and colleagues, accurately explains the biomechanics responsible for
positional nystagmus and the remarkable effectiveness of canalith repositioning
maneuvers [2]. Nevertheless, it does not specifically address the biological mech-
anisms responsible for progressive weakening and repeated detachment of oto-
conia.

The present hypothesis integrates these observations into a single biological
framework based on chronic labyrinthine microvascular dysfunction [7]. Rather
than assuming independent mechanisms for each risk factor, it proposes that im-
paired oxygen delivery constitutes the common upstream event leading to pro-
gressive degeneration of the otoconial extracellular matrix [6] [9].

If confirmed experimentally, this hypothesis could have relevant clinical impli-

cations. Current management of recurrent BPPV focuses primarily on repeated
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repositioning maneuvers after otoconial displacement has already occurred [2]. A
better understanding of the biological mechanisms responsible for otoconial in-
stability may eventually allow preventive strategies aimed at preserving extracel-

lular matrix integrity before recurrent detachment develops, see Table 1.

Table 1. Methodological and conceptual comparison: classical vs. proposed model.

Feature Classical Model Proposed Model

- . Microcirculatory distress/tissue
Initial Event Detachment of otoconia

hypoperfusion
Primary Lesion Mechanical Biological/Metabolic
H ia — HIF-1 tivati
Mechanism Canalithiasis ypoxia @ activation

— Matrix remodeling

. L Repositioning maneuvers + potential
Canalith repositioning

Therapy preventive metabolic strategies
maneuvers .
(to be validated)
L Clear otoconia from the Preserve the structural stability of
Objective o .
semicircular canal the otoconial membrane

8. Potential Role of Alkalinizing Mineral Supplementation in
Recurrent BPPV

Benign paroxysmal positional vertigo (BPPV) is generally considered a mechani-
cal disorder resulting from the detachment of otoconia from the utricular macula
and their migration into the semicircular canals [3] [6]. Although canalith repo-
sitioning maneuvers effectively resolve individual episodes, they do not address
the underlying biological mechanisms responsible for recurrent otoconial detach-
ment. Consequently, recurrence rates remain substantial, particularly in older in-
dividuals and in patients with cardiovascular and metabolic comorbidities [3] [6].

Growing evidence suggests that recurrent BPPV may reflect chronic impair-
ment of the utricular microenvironment rather than an isolated mechanical event.
Aging, hypertension, diabetes mellitus, dyslipidemia, migraine, smoking, osteopo-
rosis, and other vascular risk factors have all been associated with endothelial dys-
function and reduced labyrinthine microcirculation [2] [9]. Chronic hypoperfusion
of the utricle may induce persistent tissue hypoxia characterized by activation of
hypoxia-inducible factor-1a (HIF-1a), metabolic reprogramming toward anaero-
bic glycolysis, increased lactate production, and extracellular acidification [4] [5].

This acidic microenvironment may promote extracellular matrix remodeling
through activation of matrix metalloproteinases, alteration of calcium homeosta-
sis, and progressive weakening of the otoconial membrane, thereby facilitating
repeated otoconial detachment and recurrent canalolithiasis [8] [9].

Within this pathophysiological framework, alkalinizing mineral supplementa-

tion may represent a biologically plausible adjunctive strategy aimed at restoring
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extracellular acid-base balance and preserving the structural integrity of the utric-

ular extracellular matrix.

9. Biological Rationale of the Mineral Salts

9.1. Potassium Bicarbonate

Potassium bicarbonate directly increases extracellular bicarbonate availability, en-
hancing systemic buffering capacity and reducing chronic low-grade metabolic
acidosis [13]-[15]. By increasing extracellular pH, bicarbonate may reduce acid-
induced extracellular matrix degradation and limit calcium carbonate dissolution.
Clinical studies have demonstrated beneficial effects on bone mineral metabolism
through reduction of urinary calcium excretion and bone resorption [13] [16].
Because otoconia consist predominantly of calcium carbonate crystals embedded
within an organic extracellular matrix, preservation of calcium homeostasis may

theoretically contribute to maintaining otoconial stability [17].

9.2. Magnesium Citrate

Magnesium citrate provides highly bioavailable magnesium, an essential cofactor
for more than 300 enzymatic reactions involved in ATP synthesis, mitochondrial
function, endothelial nitric oxide production, and calcium homeostasis [18]-[20].
Magnesium deficiency has been associated with oxidative stress, endothelial dys-
function, vascular inflammation, and impaired microvascular perfusion [21], con-
ditions that could contribute to chronic utricular ischemia.

Magnesium also modulates intracellular calcium transport and extracellular ma-
trix metabolism. Furthermore, the citrate moiety is metabolized through the tricar-
boxylic acid cycle, generating bicarbonate equivalents that contribute indirectly to

systemic alkalinization [22].

9.3. Zinc Gluconate

Zinc is a mineral involved in numerous cellular processes and also contributes
to the body’s antioxidant defense systems. In particular, zinc plays a role in inner
ear function and cellular antioxidant systems. An imbalance in zinc levels could
theoretically increase the vulnerability of vestibular structures and otoconia
[23].

9.4. Manganese Citrate

Manganese and selenium are trace elements involved in biological processes po-
tentially relevant to inner ear physiology. Manganese, in particular, plays a role in
the formation and maintenance of otoconia—the mineralized structures of the
utricle and saccule whose displacement underlies BPPV. Experimental studies
have shown that manganese deficiency can lead to alterations in otoconia and oto-
lithic function. Manganese is also a functional component of manganese superox-
ide dismutase (Mn-SOD), one of the primary enzymatic defense systems against

oxidative stress [24].
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9.5, Sodium Selenite

Selenium, in turn, is essential for the activity of various selenoproteins, including
glutathione peroxidase, involved in the control of reactive oxygen species. From a
pathophysiological point of view, maintaining the integrity of the otoconial ma-
trix and adequate control of oxidative stress could therefore contribute to the sta-
bility of the otolithic apparatus. These observations provide a biological rationale
to study the association between trace elements, otocone metabolism and predis-

position to BPPV relapses [24].

9.6. Potassium Citrate

Potassium citrate exerts its alkalinizing effect through hepatic metabolism of cit-
rate to bicarbonate, thereby increasing systemic buffering capacity without di-
rectly administering bicarbonate [23]. Potassium citrate has been shown to reduce
urinary calcium excretion, increase citrate availability, inhibit calcium crystal for-
mation, and decrease bone resorption [14] [25] [26].

Since otoconia are biomineralized calcium carbonate structures, preservation
of mineral homeostasis and correction of chronic acid load may theoretically con-
tribute to maintaining their structural integrity and attachment to the otoconial

membrane.

10. Clinical Case Series

To illustrate our preliminary observations, we report four representative cases of
patients affected by recurrent BPPV who received oral alkalinizing mineral sup-
plementation Alkimo HP (after repeated canalith repositioning maneuvers).
Alkimo HP is a mineral supplement produced by IMO SpA and supplied in
sachets; it consists of potassium bicarbonate, magnesium citrate, and potassium
citrate, along with bulking agents such as calcium phosphates and hydroxypropyl
cellulose (E463), as well as zinc gluconate, manganese citrate, and sodium selenite.
The recommended dosage for adults is two sachets per day, each to be dissolved in
a glass of water and consumed by sipping slowly (one sachet two hours after lunch

and one sachet two hours after dinner).

10.1.Case 1

A 48-year-old woman presented with recurrent posterior semicircular canal be-
nign paroxysmal positional vertigo (BPPV). Her medical history was significant
for Hashimoto thyroiditis, migraine, panic disorder, and hypercholesterolemia
treated with rosuvastatin.

The first episode of posterior canal BPPV occurred in 2020 and resolved after a
liberatory maneuver. A second recurrence developed in 2022 and was successfully
treated with the Semont maneuver in the Emergency Department. Because of the
recurrent episodes, a contrast-enhanced brain magnetic resonance imaging (MRI)
performed in 2023 showed no pathological findings.

Further recurrences occurred on October 14, 2024, and April 30, 2025, the latter
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successfully treated with the Epley maneuver. Laboratory investigations were per-
formed to evaluate potential metabolic risk factors and included serum vitamin
D, magnesium, and homocysteine levels. In an attempt to reduce recurrence fre-
quency, adjunctive therapy with pentoxifylline (400 mg twice daily) was pre-
scribed until January 2026, followed by flunarizine (5 mg once daily) until May
2026. Despite these treatments, the patient experienced additional recurrences on
August 20, September 9, October 18, November 13, and December 6, 2025, and
January 24, 2026, all successfully managed with canalith repositioning maneuvers.

Oral alkalinizing mineral supplementation was initiated in May 2026. During
subsequent follow-up, no further BPPV episodes were reported. The patient also
described a marked improvement in quality of life, with only occasional mild re-
sidual imbalance. From May 2026 to September 2026, she took the supplement for

four consecutive months without experiencing any further clinical manifestations.

10.2. Case 2

A 69-year-old woman presented with recurrent benign paroxysmal positional ver-
tigo (BPPV). Her medical history included arterial hypertension treated with an-
giotensin receptor blockers, hypercholesterolemia treated with rosuvastatin, and
recurrent diverticular disease managed with rifaximin.

Over the course of several years, the patient experienced approximately ten ep-
isodes of BPPV, all successfully treated with canalith repositioning maneuvers.
Despite the efficacy of these maneuvers, the patient continued to experience re-
current episodes.

Following the most recent recurrence, an oral alkalizing mineral supplement
was introduced in January 2026 as an adjunctive therapy. At the last follow-up—
conducted approximately two and four months after the start of treatment—the
patient reported no further episodes of positional vertigo; she also noted improved
postural stability and greater confidence in performing daily activities.

From January 2026, no episodes of BPPV occurred or were confirmed two
months after the start of supplementation; at the subsequent visit in May 2026, the

patient reported having experienced no episodes.

10.3. Case 3

A 56-year-old man presented with recurrent BPPV. His medical history included
type 2 diabetes mellitus treated with metformin and semaglutide, arterial hyper-
tension treated with olmesartan/hydrochlorothiazide, hypercholesterolemia treated
with statins, and active cigarette smoking. His surgical history included varicocele
repair and pilonidal sinus excision.

In August 2025, he developed sudden sensorineural hearing loss, which com-
pletely resolved following medical treatment. Brain MRI demonstrated small vas-
cular gliotic lesions consistent with chronic microangiopathic changes.

The patient subsequently experienced an initial episode of vertigo that was

treated symptomatically with sulpiride. He later developed recurrent posterior ca-
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nal BPPV, with episodes occurring on October 1, 22, and 28, 2025. Each recur-
rence was successfully treated with canalith repositioning maneuvers performed
by a vestibular specialist.

Oral alkalinizing mineral supplementation was initiated in November 2025.
During follow-up, no further episodes of positional vertigo were observed, and the
patient remained clinically stable without further acute episodes, as confirmed dur-

ing an assessment in June 2026.

10.4. Case 4

A 79-year-old man presented with recurrent benign paroxysmal positional vertigo
(BPPV). His medical history was significant for non-Hodgkin lymphoma under-
going chemotherapy and a prior SARS-CoV-2 infection in 2023.

The first episode of BPPV occurred in 2022 and resolved following a canalith
repositioning maneuver. During 2025, the patient experienced two further recur-
rences, both successfully treated with liberatory maneuvers. Additional episodes
occurred in March and April 2026, also responding to canalith repositioning treat-
ment.

Following the last recurrence, oral supplementation with an alkalizing mineral
supplement was initiated in May 2026. At the follow-up visit, the patient reported
complete resolution of positional vertigo, accompanied by improved balance and
a general subjective improvement in well-being. At the follow-up visit in Septem-
ber 2026, the patient reported complete resolution of positional vertigo, accom-
panied by improved balance and a general subjective improvement in well-being,

with no acute episodes.

10.5. Summary of the Case Series

The observed cohort comprised 20 subjects with BPPV, however, only 4 patients
underwent detailed screening and evaluation, as they returned to the clinic for
follow-up. The remaining subjects were ineligible for assessment because the clin-
ical information was insufficient to extrapolate data for real-world evidence.

The four patients presented heterogeneous clinical characteristics but shared
recurrent BPPV despite repeated successful canalith repositioning maneuvers.
Common comorbidities included vascular and metabolic disorders such as hyper-
tension, diabetes mellitus, hypercholesterolemia, migraine, and chronic systemic
diseases.

Following initiation of alkalinizing mineral supplementation, all patients expe-
rienced a period free from BPPV recurrence during the available follow-up. Alt-
hough these observations are encouraging, the uncontrolled nature of this case
series, the limited sample size, and the absence of standardized outcome measures
preclude any definitive conclusion regarding treatment efficacy. These findings
should therefore be considered strictly hypothesis-generating and warrant valida-
tion in prospective randomized controlled studies. All patients signed informed

consent for the processing of anonymized clinical data. The study was conducted
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in accordance with the principles of the Declaration of Helsinki.

11. Discussion

The present case series describes four patients with recurrent benign paroxysmal
positional vertigo (BPPV) who remained free of further recurrences after the in-
troduction of an oral alkalinizing mineral supplementation containing potassium
bicarbonate, potassium citrate, and magnesium citrate. Although the observa-
tional nature of this report precludes any causal inference, the consistent clinical
course observed in all patients raises the hypothesis that correction of the meta-
bolic microenvironment of the inner ear may contribute to reducing otoconial
instability in selected individuals.

BPPV is traditionally considered a purely mechanical disorder resulting from
displacement of otoconia from the utricular macula into one of the semicircular
canals. Canalith repositioning maneuvers effectively resolve the acute episode by
relocating displaced otoconia back to the utricle; however, they do not address the
biological mechanisms responsible for repeated otoconial detachment. Conse-
quently, recurrence remains common, with reported rates ranging from approxi-
mately 15% within the first year to more than 50% after long-term follow-up.

Recent evidence indicates that recurrent BPPV should no longer be regarded
solely as a mechanical disorder but rather as the clinical manifestation of chronic
alterations affecting otoconial homeostasis. Large systematic reviews and meta-
analyses consistently identify advanced age, hypertension, diabetes mellitus, hy-
perlipidemia, migraine, osteoporosis, thyroid disorders, and vitamin D deficiency
among the principal risk factors for recurrence. Interestingly, most of these con-
ditions share a common denominator: endothelial dysfunction and chronic mi-
crovascular impairment.

The vascular hypothesis of recurrent BPPV has gained increasing attention dur-
ing the last decade. The inner ear is supplied by terminal arteries without signifi-
cant collateral circulation, rendering the vestibular neuroepithelium particularly
vulnerable to even subtle reductions in blood flow. Using extracranial Doppler
ultrasonography, Neri and colleagues demonstrated that patients with recurrent
BPPV frequently exhibit reduced vertebral artery flow and proposed that chronic
labyrinthine hypoperfusion may induce degeneration of the utricular macula,
thereby facilitating repeated otoconial detachment.

Our patients also presented several cardiovascular and metabolic comorbidi-
ties—including hypertension, diabetes mellitus, dyslipidemia, migraine, smoking,
osteoporosis risk, and advanced age—that have all been independently associated
with BPPV recurrence. Rather than acting as isolated risk factors, these conditions
may represent different clinical manifestations of a common microvascular disor-
der affecting the inner ear.

Building upon this vascular hypothesis, we propose a complementary patho-
physiological model centered on metabolic adaptation to chronic hypoperfusion.

Persistent reduction of labyrinthine perfusion may expose the utricular neuroep-
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ithelium to low-grade chronic hypoxia. In numerous tissues, hypoxia activates hy-
poxia-inducible factor-1a (HIF-1a), promoting a metabolic shift from oxidative
phosphorylation toward anaerobic glycolysis with increased lactate production
and extracellular acidification. Although this mechanism has not yet been directly
demonstrated in the human utricle, it represents a well-established adaptive re-
sponse in hypoxic tissues and may reasonably be extrapolated to the metabolically
active vestibular sensory epithelium.

Progressive extracellular acidification may have several biological consequences
relevant to otoconial stability. Acidic conditions favor extracellular matrix remod-
eling through activation of proteolytic enzymes, alteration of calcium homeosta-
sis, and modifications of matrix protein interactions. Because otoconia consist of
calcium carbonate crystals anchored to an organic extracellular matrix rich in oto-
conin-90, otolin-1, and other glycoproteins, disruption of this delicate microenvi-
ronment could progressively weaken the attachment of otoconia to the utricular
macula. Experimental studies have shown that aging is associated with structural
degeneration of otoconia and weakening of the interconnecting fibrillar network,
supporting the concept that deterioration of the extracellular matrix plays a cen-
tral role in recurrent BPPV.

An intriguing observation emerging from previous studies is that alterations in
endolymphatic calcium concentration and pH have long been hypothesized to in-
fluence otoconial integrity. Otoconia exist in dynamic equilibrium with the sur-
rounding endolymph, and their mineralization depends upon tightly regulated
calcium and carbonate concentrations. Changes in local pH may modify calcium
carbonate solubility and interfere with normal biomineralization processes. Alt-
hough experimental confirmation in humans is currently lacking, this concept
provides an attractive biological explanation linking systemic metabolic disturb-
ances with recurrent otoconial instability.

Within this framework, the rationale for alkalinizing mineral supplementation
becomes biologically plausible. Potassium bicarbonate directly increases systemic
bicarbonate availability, improving extracellular buffering capacity and reducing
chronic low-grade metabolic acidosis. Potassium citrate contributes to the same
effect after hepatic metabolism of citrate into bicarbonate while simultaneously
improving calcium balance and reducing urinary calcium loss. Magnesium citrate
provides highly bioavailable magnesium, an essential cofactor involved in mito-
chondrial ATP production, endothelial nitric oxide synthesis, calcium transport,
and antioxidant defense. Together, these compounds may improve endothelial
function, optimize mineral homeostasis, reduce extracellular acid load, and pre-
serve extracellular matrix integrity.

It is important to emphasize that our hypothesis does not imply that systemic
alkalinization directly changes endolymph pH. The blood-labyrinth barrier and
the tightly regulated ionic composition of endolymph make such a direct effect
unlikely. Rather, we hypothesize that correction of chronic low-grade metabolic

acidosis may improve the metabolic and vascular environment of the inner ear,
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indirectly promoting preservation of the utricular extracellular matrix and oto-
conial attachment. This interpretation is consistent with current knowledge of en-
dothelial biology and acid-base physiology while remaining appropriately cau-
tious in the absence of direct experimental evidence.

Interestingly, all four patients in our series shared the common feature of re-
peated recurrences despite technically successful canalith repositioning maneu-
vers. After introduction of alkalinizing mineral supplementation, no additional
episodes occurred during the available follow-up, and all patients reported sub-
jective improvement in balance or quality of life. Although spontaneous remission
cannot be excluded and placebo effects cannot be ruled out, the consistency of
these observations suggests that modification of the metabolic milieu deserves fur-
ther investigation.

The principal limitation of this study is the small sample size and the uncon-
trolled observational design, which preclude conclusions regarding efficacy. Fol-
low-up duration differed among patients, and biochemical markers of systemic
acid-base status, endothelial dysfunction, inflammatory activation, or oxidative
stress were not serially assessed. Furthermore, no direct measurements of labyrin-
thine perfusion or utricular metabolism are currently feasible in routine clinical
practice. Therefore, our findings should be regarded as hypothesis-generating ra-
ther than confirmatory.

Despite these limitations, this case series introduces a novel conceptual frame-
work integrating several independent observations reported in the literature. Cur-
rent evidence already supports the association between recurrent BPPV and vas-
cular-metabolic disorders, age-related degeneration of otoconia, calcium metab-
olism abnormalities, and endothelial dysfunction. Our proposed model extends
these observations by suggesting that chronic labyrinthine hypoperfusion may in-
duce metabolic remodeling characterized by HIF-1a activation, increased anaer-
obic glycolysis, lactate accumulation, and extracellular acidification, ultimately
promoting weakening of the otoconial membrane and recurrent otoconia detach-
ment. Within this integrated model, alkalinizing mineral supplementation could
represent a simple, inexpensive, and biologically plausible adjunctive strategy
aimed at stabilizing the utricular microenvironment and reducing recurrence risk.

Future prospective randomized controlled studies incorporating serum bi-
omarkers of acid-base homeostasis, endothelial function, vestibular function tests,
and long-term recurrence rates will be necessary to validate this hypothesis and
determine whether modulation of systemic metabolic homeostasis can influence

the natural history of recurrent BPPV.
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