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DOI: 10.22399/ijcesen.4538 Cyclodextrin-responsive syringomyelia represents a novel syndrome characterized by

Received : 01 January 2025 the presence of a syrinx (cyst inside the spinal cord) that responds to treatment with

Accepted : 30 January 2025 cyclodextrins, specifically  2-hydroxypropyl-B-cyclodextrin  (HPBCD). Accurate
diagnosis is crucial and often involves a combination of clinical assessment, imaging

Keywords studies such as MRI, and a detailed patient history. Symptoms may include pain,

weakness, and sensory disturbances, which require a comprehensive evaluation by
healthcare practitioners. Early detection and intervention can help prevent irreversible
neurological damage. For pharmacists, understanding the pharmacokinetics and
potential side effects of cyclodextrins is essential for ensuring patient safety and

Syringomyelia,
Cyclodextrin,
2-hydroxypropyl-p-cyclodextrin

(HPBCD), optimizing therapeutic outcomes. The management of cyclodextrin-responsive
Diagnosis, syringomyelia necessitates a multidisciplinary approach involving physicians,
Management

pharmacists, and nursing staff. Pharmacists play a vital role in medication management,
including monitoring for potential drug interactions and counseling patients about the
use of cyclodextrin therapies. Nurses are frequently on the frontline, providing
education, emotional support, and navigation through the healthcare system while
assessing treatment efficacy and patient adherence to prescribed regimens. This
collaborative effort extends to general medicine, where the integration of knowledge
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about cyclodextrin-responsive conditions into everyday practice can improve patient
outcomes. Continuing education and research are paramount in elucidating the best

practices for managing this emerging condition.

1. Introduction

Syringomyelia represents a complex and often
debilitating neurological disorder characterized by
the formation of a fluid-filled cyst, or syrinx, within
the spinal cord parenchyma. This cystic cavitation
leads to progressive damage to the central nervous
system, manifesting in a wide array of clinical

symptoms including chronic pain, muscle
weakness, sensory deficits, and autonomic
dysfunction [1]. The pathophysiology of

syringomyelia is multifactorial, with the most
common etiology being an obstruction of
cerebrospinal fluid (CSF) dynamics, frequently
associated with Chiari malformation type I, spinal
trauma, or arachnoiditis [2]. The traditional
management paradigm has largely focused on
surgical intervention aimed at correcting the
underlying structural abnormality and restoring
normal CSF flow, with procedures such as foramen
magnum decompression or syrinx shunting being
the mainstay of treatment [3]. However, surgical
outcomes can be variable, and procedures carry
inherent risks of complications, including infection,
shunt failure, and neurological deterioration [4].

In recent years, a novel and groundbreaking subset
of syringomyelia has emerged within the medical
literature: cyclodextrin-responsive syringomyelia.
This classification refers to cases where the
formation and progression of the syrinx are
intimately linked with underlying disorders of
cellular lipid metabolism, most notably Niemann-
Pick disease type C (NP-C) and other lysosomal
storage disorders [5]. The discovery of this
responsiveness has fundamentally altered the
understanding of syringomyelia pathogenesis in a
specific patient population, introducing a potential
pharmacotherapeutic target where none previously
existed. The implications of this discovery extend
far  beyond  neurology, necessitating a
multidisciplinary approach that fully integrates the
expertise of pharmacy, nursing, and general
medicine to ensure accurate diagnosis, effective
management, and comprehensive patient care.

2. Link Between Lipid Metabolism and Syrinx
Formation

To comprehend the rationale behind cyclodextrin
therapy, one must first understand the aberrant
biological processes that lead to syrinx formation in
this specific context. In lysosomal storage disorders
like NP-C, genetic mutations disrupt the normal
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transport and metabolism of cholesterol and other
lipids within the endosomal-lysosomal system [6].
This results in the progressive accumulation of
unesterified cholesterol and glycosphingolipids
within the lysosomes of various cell types,
including neurons and glial cells of the central
nervous system [7]. The spinal cord is particularly
vulnerable to this toxic sequestration.

The pathogenesis of the syrinx in this setting is
believed to be a direct consequence of this neuronal
injury and glial dysfunction. Lipid-laden neurons
undergo apoptosis and degeneration, while affected
astrocytes and microglia contribute to a local
inflammatory milieu and disruption of the
extracellular matrix [8]. This cumulative cellular
damage creates microscopic cavities that eventually
coalesce into a macroscopic syrinx. Importantly,
the abnormal lipid accumulation also impairs the
function of ependymal cells lining the central canal
and may alter CSF composition and interstitial fluid
dynamics, further promoting syrinx genesis and
expansion [9]. Therefore, the syrinx in these
disorders is not merely a structural CSF flow
problem but a biomarker of profound cellular
metabolic dysfunction. Cyclodextrins, particularly

2-hydroxypropyl-B-cyclodextrin ~ (HPBCD), are
hypothesized to work by extracting the
accumulated cholesterol from the lysosomes,

facilitating its redistribution to the cytoplasm for
normal processing, thereby addressing the root

cause of the neuronal injury that leads to
syringomyelia [10].

3. Clinical Presentation and Diagnostic
Challenges

The clinical presentation of cyclodextrin-responsive
syringomyelia  is  inherently  dual-layered,
encompassing the classic neurological signs of a
syrinx  superimposed upon the  systemic
manifestations of the underlying metabolic disease.
Neurological symptoms often include dissociated
sensory loss (loss of pain and temperature sensation
with preserved light touch), typically in a “cape-
like" distribution across the shoulders and arms,
neuropathic pain, spasticity, muscle atrophy, and in
severe cases, scoliosis and respiratory compromise
[11]. These may develop insidiously over years.

Concurrently, patients may exhibit signs of the
primary disorder. In NP-C, this can include a
history of neonatal cholestatic jaundice, vertical
supranuclear gaze palsy, ataxia, dysarthria,
dysphagia, progressive cognitive decline, and
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psychiatric manifestations [12]. The overlap of
symptoms can create a significant diagnostic
challenge. A patient presenting with mild ataxia
and sensory changes might be initially investigated
for common neurological conditions like multiple
sclerosis, while the underlying metabolic cause
remains undetected.

This diagnostic complexity underscores the critical
role of the general practitioner and consulting
neurologist. A high index of suspicion is required,
particularly when syringomyelia is identified in a
patient with atypical features or with a history of
systemic symptoms suggestive of a storage disease.
The diagnostic journey from symptom onset to a
confirmed diagnosis of a cyclodextrin-responsive
condition is often protracted, leading to delays in
initiating potentially disease-modifying therapy
[13]. A meticulous clinical history, detailed family
history, and comprehensive systemic review are
therefore paramount first steps in the diagnostic
algorithm.

4, Advanced
Biomarkers

Diagnostic  Modalities and

The confirmation of syringomyelia relies heavily
on advanced neuroimaging. Magnetic resonance
imaging (MRI) of the entire neuroaxis is the gold
standard. It exquisitely demonstrates the syrinx as a
well-defined, fluid-filled cavity within the spinal
cord, often associated with cord expansion [14].
MRI is also crucial for identifying associated
structural ~ anomalies, such as a Chiari
malformation, which would point toward a
different, non-metabolic etiology requiring a
surgical management approach. In cases of
suspected metabolic origin, serial MRI can be used
to monitor syrinx size in response to therapeutic
interventions.

For the definitive diagnosis of the underlying
metabolic disorder, a combination of biochemical
and genetic testing is employed. The classic
diagnostic test for NP-C is the Filipin stain test,
which assesses cholesterol accumulation in cultured
fibroblasts [15]. However, this test is technically
demanding and available only in specialized
centers. Plasma biomarkers, such as elevated levels
of  lysosphingomyelin-509 and  cholestane-
3B,5a,6B-triol, have emerged as sensitive and
specific screening tools [16]. Confirmatory
diagnosis is achieved through genetic sequencing to
identify pathogenic mutations in
the NPC1 or NPC2 genes [17].

The integration of diagnostic data is essential. The
finding of a syrinx on MRI in a patient with
positive biomarker screening or a confirmed
genetic diagnosis of NP-C strongly suggests a case
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of cyclodextrin-responsive syringomyelia. This
diagnostic synthesis informs the critical shift in
management strategy from a purely neurosurgical

perspective to one that includes targeted
pharmacotherapy.
5. Therapeutic Management: The Role of

Cyclodextrin

The management of cyclodextrin-responsive
syringomyelia is fundamentally centered on the use
of  2-hydroxypropyl-B-cyclodextrin ~ (HPBCD).
While not yet approved in all jurisdictions, it has
received orphan drug designation and is used under
specific protocols for NP-C [18]. The primary goal
of therapy is to halt or slow the progression of the
neurological  disease, which includes the
stabilization or potential reduction of the syrinx.
HPBCD is administered intrathcally via lumbar
puncture or via an implanted intrathecal drug
delivery device, as it does not cross the blood-brain
barrier efficiently when given systemically [19].
The dosing regimens are still being optimized in
clinical trials, but they typically involve regular,
periodic injections. The proposed mechanism is
direct: within the CSF, cyclodextrin molecules can
interact with neuronal and glial cells, facilitating
the mobilization of stored cholesterol from
lysosomes [20]. By mitigating the primary cellular
insult, the theory holds that further syrinx
expansion can be prevented, and some neurological
functions may be preserved or even show modest
improvement.

It is crucial to note that cyclodextrin is not a cure,
and its efficacy varies among patients. Clinical
trials have shown stabilization of key disease
markers and some neurological functions in many
treated patients [21]. Adjunctive therapies remain
vital. These include comprehensive management of
symptoms: pharmacotherapy for neuropathic pain
(e.g., gabapentin, pregabalin), spasticity (e.g.,
baclofen, tizanidine), and psychiatric
manifestations; physical and occupational therapy
to maintain mobility and function; and speech and
language therapy for dysphagia and dysarthria [22].
Surgical intervention for the syrinx itself is
generally reserved for cases where there is clear
evidence of a concomitant structural CSF
obstruction or where rapid neurological decline
occurs despite optimal medical management.

6. Implications for Pharmacy:

The advent of cyclodextrin therapy places the
pharmacy  department, particularly  clinical
pharmacists specializing in neurology or rare
diseases, at the heart of the patient care team. Their
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role transcends traditional dispensing to encompass
complex  stewardship, patient safety, and
therapeutic optimization.

First, the pharmacist is a key guardian of drug
access and logistics. HPBCD is an orphan drug with
complex procurement, storage, and handling
requirements. Pharmacists  must  navigate
specialized distribution channels, ensure proper
storage conditions, and manage inventory for a
medication that is critically important to a small
patient population [23]. Second, and most critically,
is the role in sterile compounding and aseptic
preparation. The intrathecal administration route
demands an uncompromising commitment to
sterility. Pharmacists must prepare the cyclodextrin
solution under ISO Class 5 conditions, following
rigorous USP <797> and <800> guidelines to
prevent microbial contamination and ensure
accurate dosing, as any error can have catastrophic
neurological consequences [24].

Pharmacovigilance and adverse effect management
constitute another major domain. Intrathecal
HPBCD is associated with specific risks, including
chemical arachnoiditis, hearing loss (ototoxicity),
and pulmonary complications [25]. The clinical
pharmacist plays a vital role in monitoring for these
effects, counseling patients on symptoms to report
(e.g., changes in hearing, new back pain,
respiratory issues), and collaborating with the
medical team to manage them, which may involve
dose adjustments or pre-medication protocols.
Furthermore, the pharmacist must manage complex
drug interactions. Many patients with NP-C and
syringomyelia are on multiple CNS-active
medications for symptom control. The pharmacist
must  screen  for  pharmacokinetic  and
pharmacodynamic interactions, ensuring that the
combined regimen is both safe and effective [26].
Their expertise is indispensable in creating a
cohesive and rational pharmacotherapeutic plan.

7. Holistic Care and Procedural Expertise

Nursing care for patients with cyclodextrin-
responsive  syringomyelia  is  multifaceted,
demanding a blend of advanced technical skill,
neurological assessment expertise, and deep
psychosocial support. Nurses are the consistent
caregivers who bridge the hospital or clinic
environment with the patient's home life.

A primary nursing responsibility is the coordination
and assistance with the intrathecal administration
procedure. This involves meticulous pre-procedure
preparation, including patient education and
obtaining informed consent. During the lumbar
puncture or access of an intrathecal port, the nurse
assists the physician, monitors the patient's vital
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signs and neurological status, and ensures strict
aseptic technique throughout [27]. Post-procedure,
the nurse monitors for immediate complications
such as post-lumbar puncture headache, infection
signs, or neurological changes, providing both
clinical surveillance and comfort measures.

Beyond the procedure, neurological assessment is a
continuous nursing function. Nurses perform serial,
structured neurological examinations to track subtle
changes in motor strength, sensory perception, gait,
coordination, and speech. They are often the first to
identify signs of disease progression or therapeutic
complications, triggering timely medical review
[28]. Symptom management is a daily nursing
challenge. They administer and monitor the effects
of medications for pain and spasticity, implement
non-pharmacological pain relief strategies, and
provide hands-on care for issues like mobility
impairment, fall risk, and activities of daily living.
Perhaps most importantly, nurses provide the
essential psychosocial and educational support.
They counsel patients and families on the nature of
this rare disease, the goals and realities of
cyclodextrin therapy, and strategies for coping with
a chronic, progressive condition. They act as
advocates, educators, and a source of emotional
resilience, helping  patients navigate the
complexities of the healthcare system and maintain
the best possible quality of life [29].

8. The Gatekeeper and Coordinator

The general practitioner or internist serves as the
essential anchor in the long-term care continuum
for these patients. Often, they are the first point of
contact when initial, vague symptoms arise. Their
role is that of a detective, a coordinator, and a
primary manager of overall health.

The initial implication is one of recognition and
referral. General physicians must be aware that
syringomyelia, especially when presenting without
a clear structural cause or with atypical systemic
features, can be a manifestation of a metabolic
disorder. Including lysosomal storage diseases in
the differential diagnosis for complex neurological
presentations is a crucial first step [30]. Once a
diagnosis is established, the general practitioner
transitions to a central coordination role. The
patient's care is split among multiple specialists:
neurologists, metabolic geneticists, pulmonologists,
gastroenterologists, and psychiatrists. The general
physician maintains the holistic view, integrating
reports from all specialists, managing intercurrent
illnesses, and ensuring that care plans are cohesive
and not contradictory [31].

Preventive care and management of comorbidities
become even more critical in this population. The
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general practitioner oversees routine health
maintenance, including vaccinations, cancer
screenings, and management of common conditions
like hypertension or diabetes, which can be
complicated by the primary neurological disease
[32]. They also manage the systemic manifestations
of the storage disease itself, such as hepatic
involvement or progressive dysphagia requiring
nutritional support. Furthermore, they are pivotal in
providing palliative and supportive care as the
disease advances, focusing on comfort, dignity, and
aligning care with patient and family goals [33].
This longitudinal, patient-centered perspective is
irreplaceable and forms the bedrock of effective
multidisciplinary management.

9. Collaboration and Care Model

The effective management of cyclodextrin-
responsive syringomyelia is the epitome of a
condition that demands a structured,

interdisciplinary team approach. A siloed model of
care is inadequate and leads to gaps in
management, patient frustration, and suboptimal
outcomes. The ideal model revolves around a
dedicated clinic or center of excellence for rare
neurological or metabolic diseases, where core
team members collaborate regularly [34].

The core team typically includes a neurologist with
expertise in movement disorders or neurogenetics, a
metabolic geneticist, a clinical pharmacist, an
advanced practice nurse or nurse coordinator, a
physical therapist, and a social worker or
psychologist. The general practitioner is an integral
extended team member, connected via shared
electronic  health  records and  regular
communication. This team holds regular case
conferences to review patient status, adjust
treatment plans, and address new challenges. Clear
protocols should be established for roles and
responsibilities: who orders the cyclodextrin, who
prepares it, who administers it, who performs
follow-up assessments, and who communicates
findings to the patient and primary care provider
[35].Such a collaborative model improves several
key outcomes. It enhances diagnostic accuracy by
pooling expertise, optimizes therapeutic efficacy
through coordinated management, improves patient
safety through systematic monitoring, and
significantly boosts patient and family satisfaction
by providing a single, coherent point of care. It also
creates a fertile environment for clinical research
and the collection of real-world data on this rare
condition [36].

10. Future Directions and Research Horizons
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The field of cyclodextrin-responsive syringomyelia
is dynamically evolving, with several promising
research avenues. A primary focus is the
optimization of cyclodextrin therapy itself.
Research is ongoing into more efficient delivery
methods, such as novel intrathecal catheter systems
or the development of cyclodextrin derivatives or
nanocarriers that could potentially cross the blood-
brain  barrier after systemic administration,
eliminating the need for invasive lumbar punctures
[37]. Dose-finding studies and long-term extension
trials are crucial to establish standardized,
evidence-based dosing regimens and to fully
characterize the long-term safety profile.

Biomarker development is another critical area. The
search for more sensitive and accessible
biomarkers—perhaps in blood or even CSF—that
correlate with syrinx size, neurological progression,
and treatment response would revolutionize
management. Such biomarkers could allow for truly
personalized medicine, where therapy is titrated
based on individual biological response rather than
a fixed protocol [38]. Furthermore, gene therapy
approaches aimed at correcting the
underlying NPC1 or NPC2 genetic defects are in
early preclinical and clinical stages and represent a
potential paradigm shift from chronic treatment to a
potential cure [39].

Finally, research must expand into health services
and outcomes. Studies are needed to evaluate the
cost-effectiveness of cyclodextrin therapy, the
optimal structure of interdisciplinary care models,
and the development of standardized patient-
reported outcome measures to capture the true
impact of the disease and its treatment on quality of
life [40]. These efforts will ensure that advances in
basic science translate into tangible improvements
in patient care.

11. Conclusion

Cyclodextrin-responsive syringomyelia represents a
fascinating and transformative intersection of
neurometabolic disease and structural neurology.
Its diagnosis requires a sophisticated synthesis of
clinical acumen, advanced imaging, and specialized
biochemical and genetic testing, moving beyond the
traditional neurosurgical diagnostic pathway. Its
management, centered on intrathecal cyclodextrin
therapy, introduces a novel pharmacologic strategy
that targets the fundamental cellular pathology,
offering hope for stabilizing a previously
relentlessly progressive condition.

The implications of this disease entity resonate
powerfully across the healthcare spectrum. For
pharmacy, it demands the highest levels of
expertise in orphan drug management, sterile
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compounding, and pharmacovigilance. For nursing,
it requires a blend of procedural skill, expert
neurological assessment, and deep compassionate
care. For general medicine, it underscores the
irreplaceable role of the primary care physician as
diagnostician, care coordinator, and holistic health
manager. The ultimate success in managing this
complex condition lies in forging a robust,
communicative, and truly interdisciplinary care
team. As research continues to refine our
understanding and therapeutic arsenal, this
collaborative model will be essential to translate
scientific promise into prolonged, higher-quality
life for patients affected by cyclodextrin-responsive
syringomyelia.
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