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ABSTRACT

Background: Despite their different anatomical sites, the ear and the kidney exhibit deep physiological
and structural parallels that suggest a distinct reno-auditory axis. Shalakya Tantra—the Ayurvedic
specialty focused on supraclavicular diseases (Urdhvajatrugata Vikara)—has long identified clinical links
between these systems through the view of Mutravaha srotas and Karnendriya.

Objective: This narrative review possesses classical Ayurvedic concepts with contemporary science
regarding the Ear and Kidney relation axis, detailing shared similar membrane structures, cellular transport
mechanisms and the high incidence of particular sensorineural hearing loss (SNHL) in renal disease.
Methods: Literature was compiled from classical texts (Charaka Samhita, Sushruta Samhita, Ashtanga
Hridayam) and peer-reviewed biomedical databases (PubMed/MEDLINE) focusing on cochlear ion
pathways, chronic kidney disease (CKD) and Alport syndrome.

Results: The reno-auditory relationship is driven by shared biological features: Na-K ATPase dependent
pumps, Type-IV collagen basement membranes and delicate microvascular networks vulnerable to
systemic metabolic shifts. Clinically, CKD correlates with a 40-70% prevalence of particularly high-
frequency SNHL and a pattern mirrored genetically by Alport syndrome.

Conclusion: Audiological assessments should be done in nephrology protocols. Integrating Shalakya
Tantra diagnostics and therapeutics offers a viable, holistic approach to mitigating secondary otological
damage in renal patients.

Keywords: Shalakya Tantra, Reno-auditory correlation, Sensorineural hearing loss, Chronic kidney
disease, Alport syndrome, Karnendriya

1. INTRODUCTION

The human body as an integrated network where sensory faculties and metabolic channels continuously
interact. In Shalakya Tantra, the specialized branch handling diseases of the Urdhvajatrugata Rogas'. In
this narrative revive deals with the head and sense organs, ear disorders (Karnaroga) are documented with
a keen awareness of systemic pathology. Many clinical signs originally ascribed to systemic tissue
degradation closely resemble the auditory complications modern science links to renal failure.
Biomedical research increasingly supports this interconnected view. The cochlea and the nephron share
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many similar structural mechanics: both depend on precise electrochemical ion gradients, feature
specialized vascular networks and rely on Type IV collagen basement membranes. Consequently,
metabolic stresses like chronic kidney disease (CKD), genetic defects or exposure to nephrotoxic agents
frequently trigger matching damage in the inner ear also.

Epidemiological data indicate that 40% to 70% of patients with chronic kidney disease experience
sensorineural hearing loss (SNHL)", typically degrading high-frequency perception. Despite this notably
high prevalence, routine audiological screening remains absent from standard nephrology workflows. This
review bridges the clinical insights of Shalakya Tantra with modern renal physiology, aiming to provide
an integrated framework for clinicians.

2. AYURVEDIC PERSPECTIVE: SHALAKYA TANTRA AND THE EAR-KIDNEY AXIS

2.1 Scope of Shalakya Tantra:

Shalakya Tantra derives its name from Shalaka (specialized probes), reflecting its surgical and diagnostic
focus on the Eyes (Netra), Ears (Karna), Nose (Nasa), Throat (Kantha) and Head (Shira). The ear hosts
Shrotreindriya (the auditory sense), an entity predominantly shaped by Akasha Mahabhuta (Space
element) and which is regulated by mainly Vata dosha. In the Uttara Tantra of the Sushruta Samhita, 28
different Karnarogas are classified, presenting with symptoms like Karnanada (Tinnitus), Badhirya
(Deafness) and Karnashoola (Otalgia)." These classical descriptions closely match the symptomatic
presentations seen in modern audiological clinics managing renal insufficiency.

2.2 Vata Dosha mechanics

As classical texts observe, Vata dosha—specifically Prana Vayu and Apana Vayu—serves as the
regulatory link between sensory perception and metabolic waste elimination.

Prana Vata — 3%: ®3oR] §ftg si=d fad 4 |V

Apana Vata — eh3faiaeigp-a T shauisha: |

The kidneys manage filtration and excretion under the direction of Apana Vayu in the lower abdomen.
When Apana Vayu is disrupted by improper diet, suppressing natural urges (Vega dharana), or systemic
dryness (Rukshata), its upward deviation (Urdhvagata Vata) disrupts Prana Vayu in the head. This
classical pathway aligns with the biomedical understanding of systemic uremic toxins accumulating and
progressively damaging vulnerable cochlear hair cells.

2.3 Mutravaha Srotas and systemic toxins

The Mutravaha Srotas (urinary system) originates in the Vrikka (kidneys) and Vasthimukha (bladder
neck). Pathological changes (Dushti) in this channel cause retention (Mutraghata) or painful urination
(Mutrakrichra), leading to the accumulation of endogenous toxins (Ama). This systemic Ama build-up
may mimic modern uremia. The Charaka Samhita notes that advanced urinary disorders cause secondary
Shiroroga (head disorders) and Indriyadaurbalya (sensory weakness), capturing the early clinical signs of
renal-induced hearing loss.

3. SCIENTIFIC BASIS OF THE EAR-KIDNEY RELATIONSHIP

3.1 Anatomical and Structural Homology

The structural similarities between the renal tubules and the cochlear stria vascularis form the foundation
of the reno-auditory axis. Both tissues feature:

« Highly polarized epithelial cells optimized for active ion transport.

o Densely packed capillary beds delivering oxygen and metabolic substrates.
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« Basement membranes composed of Type IV collagen, laminin, and fibronectin.
« High vulnerability to the same classes of toxic insults (e.g., aminoglycosides, loop diuretics).
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Figure 1. ion channels and transporters present in both the inner ear and kidney.

Functionally, the stria vascularis behaves much like the proximal convoluted tubule. The stria maintains
an endocochlear potential of +80mV, driving sensory transduction in outer hair cells. This matches the
electrogenic gradients maintained by nephrons to process glomerular filtrate.

3.2 Na-K ATPase ion Pumps

The Na-K ATPase pump is the core metabolic enzyme driving both renal tubules and cochlear
electrophysiology. In the kidney, it powers sodium reabsorption and maintains the osmotic gradient. In
the cochlea, it sits in the stria vascularis and spiral ligament, preserving the potassium-rich composition
of endolymph required for hair cell signalling. In CKD, circulating uremic toxins (such as indoxyl sulphate
and p-cresyl sulphate) inhibit Na-K ATPase pump activity. This shared suppression directly connects a
dropping glomerular filtration rate (GFR) to inner ear dysfunction.

3.3 Microvascular Pathology

Both organs depend on specialized microvasculature. The glomerulus and the stria vascularis both feature
thin, fenestrated endothelial walls. Systemic inflammation, oxidative stress and uremic toxins in CKD
cause blood vessel loss. In the cochlea, this leads to ischemia, reducing the endocochlear potential.
Hypertension; common in renal patients accelerates this damage by increasing arterial stiffness and
limiting blood flow to the basal turn of the cochlea, where high-frequency sounds are processed.

3.4 Electrolyte Imbalance and Endolymph

Cochlear endolymph requires strict ionic balance, similar to the intratubular fluid of the nephron. The high
potassium concentration is maintained by active lateral wall transport. Systemic hyperkalemia,
hyponatremia and metabolic acidosis accompanying renal failure disrupt this equilibrium, altering hair
cell resting potentials. Furthermore, loop diuretics like furosemide block the NKCC; transporter in both
the thick ascending limb of the kidney and the stria vascularis, dropping the endocochlear potential by up
to 40 mV and risking ototoxic damage.
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4. ALPORT SYNDROME: THE PARADIGMATIC RENO-AUDITORY DISEASE"

4.1 Genetics and molecular pathology

Alport syndrome demonstrates how a single genetic mutation can concurrently damage the kidney and the
cochlea. It stems from alterations in the COL4As, COL4A4, or COL4As genes, which encode Type IV
collagen—the primary substance for both the glomerular basement membrane (GBM) and the basilar
membrane of the ear. The disease presents as a clinical triad :

1. progressive nephropathy

2. sensorineural hearing loss

3. ocular changes like anterior lenticonus

4.2 Cochlear Manifestations

Renal signs begin with microscopic haematuria in childhood, advancing to proteinuria, hypertension, and
end-stage renal disease (ESRD) in young adulthood. Ultrastructural analysis shows characteristic thinning
and splitting of the GBM.

Concurrently, SNHL emerges during the second decade of life, affecting high frequencies 2,000-8,000
Hz before expanding downward. Audiometry shows a clear sensorineural pattern. Histological studies
confirm that the basilar membrane and spiral ligament undergo collagen disorganization identical to the
changes seen in the kidneys, leading to secondary hair cell death.

Alport Syndrome

t Glomerular Basement Membrane Lamellation —P Proteinuria & ESRD
Cochlear Basilar Membrane Disruption ——W High-Frequency SNHL

4.3 Shalakya Tantra Perspective on genetics disease
"Sahaja vyadhi" — disease present since birth, inherent in the Prakriti of the individual.
In Ayurvedic perspectiive, Alport syndrome aligns with Sahaja Vyadhi (congenital/hereditary diseases)
caused by defects in parental genetic components (Beeja bhaga avayava dosha). The concurrent
presentation in the eye, ear, and kidney represents a severe Tridoshaja imbalance dominated by Vata,
impacting both Karnendriya and Mutravaha Srotas from conception.

5. CHRONIC KIDNEY DISEASE AND SENSORINEURAL HEARING LOSS: CLINICAL
EVIDENCE

5.1 Epidemiology

Clinical data confirm a strong link between advancing renal decline and hearing loss. A systematic review
by Xiao et al. (2019) involving over 2,400 CKD patients reported a pooled SNHL prevalence of 55.3%,
contrasted against an incidence of just 9-11% in age-matched healthy controls. This risk scales with
dropping GFR rates. Notably, early-stage CKD (GFR 60-89 mL/min/1.73m?) displays measurable high-
frequency hearing loss before systemic symptoms emerge, suggesting audiological testing could serve as
an early clinical indicator of renal strain.""

5.2 Audiometric Profile in CKD

The classic audiogram of a CKD patient shows bilateral, symmetrical SNHL localized to 4,000 Hz and
8,000 Hz .This pattern reflects the vulnerability of the cochlear base to metabolic and ischemic stress.
While speech discrimination is preserved early on, it drops as the impairment moves into the lower speech
frequencies.
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5.3 Influence of Dialysis and Transplantation

Haemodialysis patients often experience shifting hearing thresholds due to rapid fluid and electrolyte shifts

during treatment. While acute dialysis can temporarily clear uremic toxins and improve hearing, long-

term maintenance dialysis is linked to progressive SNHL. This stems from intradialytic hypotension,

exposure to membrane contaminants and the poor clearance of protein-bound toxins. Peritoneal dialysis

offers a more stable cochlear profile due to its continuous, gradual fluid removal. Successful renal

transplantation frequently stabilizes or improves thresholds, confirming that uremic cochleotoxicity is

partially reversible.

5.4 Ototoxic Medications in CKDV'"

Renal insufficiency delays drug clearance, amplifying the risks of ototoxic medications.

Drug Class Example Agents Mechanlsm_ . of Risk in CKD
Cochleotoxicity

Reactive oxygen | Markedly increased,

Aminoglycoside Gentamicin, .
.I. g.y I . ' ' species —  OHC | reduced renal
antibiotics Amikacin
damage clearance
NKCC2 inhibition — . .
: High; synergistic
N Furosemide, reduced .
Loop diuretics . with
Ethacrynic acid endocochlear : :
. aminoglycosides
potential
. . . Plati -DNA . .
Platinum Cisplatin, atinum High;  nephrotoxic
. adducts, OHC .
chemotherapy Carboplatin . and ototoxic
apoptosis
NSAIDs Ibuprofen, Rri)dsltjaceldan dincochlear Moderate; also
Diclofenac P g_ worsen CKD
synthesis

OHC = outer hair cells; NKCC2 = sodium-potassium-chloride cotransporter 2; NSAIDs = non-steroidal
anti-inflammatory drugs.

6. INTEGRATIVE MANAGEMENT: AYURVEDIC AND MODERN APPROACHES

6.1 Ayurvedic Treatment Principles for Reno-Auditory Disorders

Managing reno-auditory disorders within Shalakya Tantra requires addressing both the primary metabolic

channel breakdown (Mutravaha Srotas Dushti) and the secondary sensory impairment (Karnendriya

vikara). The clinical strategy relies on Nidana Parivarjana (removing root causes), followed by Shodhana

(purification) and Shamana (palliative care).

« Karna Purana: Instilling warm, medicated oils (like Bilwadi Taila, Sarshap Taila) into the ear canal
to soothe Vata, target Badhirya (deafness) and calm Karnanada (tinnitus).

e Shirodhara: Pouring a steady stream of warm Dashamoola Kashayam over the forehead to balance
Prana and Apana Vayu.

o Basti Karma: Administering Anuvasana Basti using Guggulutiktaka Ghrita to ground Apana Vayu
and counter systemic tissue wasting.

o Nasya Karma: Using Anu Taila via nasal delivery to clear and nourish the supraclavicular pathways.

e Aushadhi (Pharmacotherapy): Administering nephroprotective, diuretic herbs (Mutrala) like
Gokshura (Tribulus terrestris), Punarnava (Boerhavia diffusa) and Varuna (Crataeva nurvala) to
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protect both renal architecture and cochlear tissues.

6.2 Modern Evidence-Based Interventions™

Modern clinical management of CKD-associated SNHL focuses on:

e Maximizing GFR using ACE inhibitors or ARBs alongside dietary protein limits to curb toxin
accumulation.

« Eliminating known ototoxic medications and establishing strict blood-level monitoring when
aminoglycosides are required.

o Using targeted antioxidants (e.g., N-acetylcysteine, Vitamin E) to counter uremia-driven oxidative
stress in the inner ear.

« Providing early audiological rehabilitation with hearing aids or evaluating candidates for cochlear
implants following renal transplantation.

« Instituting baseline pure-tone audiometry and DPOAE screenings at initial CKD diagnosis, with
annual follow-ups.

DISCUSSION

The reno-auditory axis serves as an elegant example of systemic organ crosstalk. That this link was
identified within Shalakya Tantra using the concepts of Vata Dosha, Dhatu Parinama and Mutravaha
Srotas long before the discovery of Na-K ATPase-pumps or basement membrane genetics underscores
the profound clinical utility of classical observations.

Contemporary medicine confirms that renal decline damages the cochlea via multiple pathways: uremic
toxicosis, electrolyte shifts, microvascular ischemia, and increased drug vulnerability. The resulting
bilateral, symmetrical SNHL is detectable long before the patient notices hearing changes, correlating
closely with a falling GFR. Missing this link represents a distinct gap in current renal care.

For Shalakya practitioners, cases of Badhirya or Karnanada should prompt a thorough evaluation of
urinary function and renal markers. Conversely, nephrologists should screen for early high-frequency
hearing loss. In genetic conditions like Alport syndrome, classifying the disease as a Sahaja Vyadhi
highlights the role of early systemic screening in family members. This integrative model shows the
research potential.

CONCLUSION

The ear functions as an accessible clinical mirror of renal health. The overlapping reliance of the cochlea

and the nephron on active ion transport, Type IV collagen scaffolds, and microvascular beds creates a

shared vulnerability to systemic diseases.

Key takeaways from this review include:

1. SNHL affects up to 55% of CKD patients, with severity tracking alongside renal decline.

2. Alport syndrome serves as the premier molecular model for the axis, where Type IV collagen
mutations simultaneously degrade the GBM and the basilar membrane.

3. The Na-K ATPase pump is the shared enzymatic engine connecting renal filtration with endolymph
regulation.

4. Classical Shalakya Tantra descriptions of ear diseases under Mutravaha Srotas Dushti provide a clear
historical precursor to modern uremic cochleotoxicity observations.

5. Integrating Karna Purana, Basti Karma and nephroprotective Ayurvedic herbs alongside modern
audiological screenings offers a robust, multi-system management strategy.
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