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Abstract: Hydrocephalus is a neurological disorder characterized by abnormal 

accumulation of cerebrospinal fluid within the ventricular system of the brain, leading to 

ventricular dilation and increased intracranial pressure. Over the past century, treatment 

strategies for hydrocephalus have evolved significantly due to advances in neurosurgery, 

neuroimaging, and biomedical engineering. Early therapeutic approaches were primarily 

limited to ventricular puncture and external drainage procedures, which were associated with 

high mortality rates due to infection and insufficient understanding of cerebrospinal fluid 

physiology. The development of valve-regulated cerebrospinal fluid shunting systems in the 

mid-twentieth century represented a major breakthrough in the management of 

hydrocephalus, significantly improving survival and neurological outcomes. More recently, 

minimally invasive neuroendoscopic techniques such as endoscopic third ventriculostomy 

have emerged as effective alternatives for selected patients with obstructive hydrocephalus. 

These procedures allow restoration of physiological cerebrospinal fluid circulation without 

permanent implanted devices. The present article analyzes the historical evolution of 

hydrocephalus treatment and evaluates the role of modern neurosurgical technologies in 

improving clinical outcomes. 
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Аннотация:  Гидроцефалия представляет собой неврологическое заболевание, 

характеризующееся патологическим накоплением спинномозговой жидкости в 

желудочковой системе головного мозга, что приводит к расширению желудочков и 

повышению внутричерепного давления. За последнее столетие методы лечения 

гидроцефалии претерпели значительную эволюцию благодаря развитию 

нейрохирургии, нейровизуализации и биомедицинских технологий. Ранние 

терапевтические подходы ограничивались пункцией желудочков и наружным 

дренированием ликвора, однако такие методы сопровождались высокой 

летальностью вследствие инфекционных осложнений и недостаточного понимания 

физиологии циркуляции спинномозговой жидкости. В середине XX века разработка 

клапанных шунтирующих систем стала важным этапом в лечении гидроцефалии и 

значительно улучшила показатели выживаемости и неврологических исходов. В 

последние десятилетия широкое распространение получили малоинвазивные 

нейроэндоскопические методы лечения, в частности эндоскопическая 

вентрикулостомия третьего желудочка. Эти методы позволяют восстановить 
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физиологическую циркуляцию ликвора без имплантации постоянных шунтирующих 

систем. В данной статье анализируется эволюция методов лечения гидроцефалии и 

рассматривается роль современных нейрохирургических технологий в повышении 

эффективности лечения. 

Ключевые слова: гидроцефалия, спинномозговая жидкость, желудочковая 

система мозга, вентрикулоперитонеальное шунтирование, эндоскопическая 

вентрикулостомия третьего желудочка, внутричерепное давление, нейрохирургия, 

циркуляция ликвора. 

Annotatsiya: Gidrosefaliya bosh miya qorinchalar tizimida orqa miya suyuqligi 

(likvor)ning patologik to‘planishi bilan xarakterlanadigan nevrologik kasallik bo‘lib, u 

qorinchalarning kengayishi va intrakranial bosimning oshishiga olib keladi. So‘nggi yuz yil 

davomida gidrosefaliyani davolash usullari neyroxirurgiya, neyrovisualizatsiya va 

biomedikal texnologiyalar rivojlanishi tufayli sezilarli darajada takomillashdi. Dastlabki 

davolash usullari asosan miya qorinchalarini punksiya qilish va tashqi drenaj qo‘llash bilan 

cheklangan bo‘lib, bu usullar infeksion asoratlar va likvor fiziologiyasini yetarli darajada 

tushunmaslik sababli yuqori o‘lim ko‘rsatkichlari bilan kechgan. XX asr o‘rtalarida klapanli 

shunt tizimlarining yaratilishi gidrosefaliyani davolashda muhim bosqich bo‘lib, 

bemorlarning yashash davomiyligi va nevrologik natijalarini sezilarli darajada yaxshiladi. 

So‘nggi yillarda minimal invaziv neyroendoskopik usullar, xususan uchinchi qorinchaning 

endoskopik ventrikulostomiyasi keng qo‘llanila boshladi. Ushbu usullar likvor aylanishining 

fiziologik yo‘llarini tiklashga imkon beradi va doimiy shunt tizimlarini o‘rnatishga ehtiyojni 

kamaytiradi. Ushbu maqolada gidrosefaliyani davolash evolyutsiyasi tahlil qilinadi hamda 

zamonaviy neyroxirurgik texnologiyalarning klinik natijalarni yaxshilashdagi roli ko‘rib 

chiqiladi. 

Kalit so‘zlar: gidrosefaliya, orqa miya suyuqligi (likvor), miya qorinchalari tizimi, 

ventrikuloperitoneal shuntlash, uchinchi qorinchaning endoskopik ventrikulostomiyasi, 

intrakranial bosim, neyroxirurgiya, likvor aylanishi. 

 

Introduction 

Hydrocephalus is a neurological disorder defined by pathological enlargement of the 

cerebral ventricular system resulting from disturbances in cerebrospinal fluid production, 

circulation, or absorption. Under physiological conditions, cerebrospinal fluid is produced 

primarily by the choroid plexus within the lateral ventricles and circulates through the 

ventricular system before being absorbed into the venous circulation through arachnoid 

granulations. Disruption of this delicate equilibrium leads to accumulation of cerebrospinal 

fluid and progressive dilation of the ventricles, which may cause compression of adjacent 

brain structures and elevation of intracranial pressure. 

The clinical manifestations of hydrocephalus vary depending on patient age, etiology, 

and rate of cerebrospinal fluid accumulation. In infants and young children, the condition 

often presents with macrocephaly, bulging fontanelles, and developmental delay. In adults, 
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symptoms may include headaches, cognitive decline, gait disturbance, and visual impairment. 

If untreated, hydrocephalus can lead to severe neurological disability or death. The historical 

understanding of hydrocephalus dates back to ancient medicine. Early descriptions of 

enlarged heads in infants were recorded in the writings of Hippocrates and later expanded by 

Galen, although the pathophysiological mechanisms were poorly understood. During the 

medieval and Renaissance periods, physicians recognized that hydrocephalus involved 

abnormal accumulation of fluid within the cranial cavity, but therapeutic interventions 

remained limited and largely ineffective. 

The modern concept of cerebrospinal fluid circulation emerged during the eighteenth 

and nineteenth centuries as anatomical research advanced. Experimental studies demonstrated 

the existence of ventricular cavities within the brain and identified the choroid plexus as a 

major source of cerebrospinal fluid production. These discoveries provided the theoretical 

foundation for the development of surgical interventions aimed at relieving intracranial 

pressure. Early surgical attempts to treat hydrocephalus involved simple puncture of the 

ventricles to allow temporary drainage of cerebrospinal fluid. Although such procedures 

occasionally provided symptomatic relief, they were frequently associated with high rates of 

infection and hemorrhage due to the absence of aseptic surgical techniques. Consequently, 

mortality rates remained extremely high during this period [1]. The development of modern 

neurosurgery in the late nineteenth and early twentieth centuries stimulated renewed interest 

in the treatment of hydrocephalus. Surgeons began experimenting with various forms of 

internal drainage procedures designed to divert cerebrospinal fluid to extracranial 

compartments. However, these early methods lacked reliable valve mechanisms to regulate 

fluid flow and therefore often resulted in complications related to excessive or insufficient 

drainage. A major breakthrough occurred during the mid-twentieth century with the 

introduction of valve-regulated cerebrospinal fluid shunting systems. The development of 

silicone-based catheters and pressure-sensitive valves enabled continuous diversion of 

cerebrospinal fluid from the ventricular system to other body cavities. These innovations 

dramatically improved survival rates and became the cornerstone of hydrocephalus 

management for several decades [2]. Despite the widespread adoption of shunt-based therapy, 

long-term clinical experience revealed numerous complications associated with implanted 

shunt systems. Mechanical obstruction, infection, catheter migration, and overdrainage 

syndromes were frequently observed, often requiring multiple revision surgeries. These 

limitations prompted the search for alternative treatment strategies capable of restoring 

physiological cerebrospinal fluid circulation. 

The introduction of neuroendoscopic techniques during the late twentieth century 

represented another significant milestone in the evolution of hydrocephalus treatment. 

Endoscopic third ventriculostomy allows surgeons to create a communication between the 

third ventricle and the subarachnoid cisterns, thereby bypassing obstructed cerebrospinal fluid 

pathways. This minimally invasive procedure has become an important treatment option for 

patients with obstructive hydrocephalus [3]. Given the rapid pace of technological 
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development in neurosurgery, it is important to analyze the historical trajectory of 

hydrocephalus treatment in order to understand current therapeutic strategies and identify 

potential future directions. The objective of the present study is to examine the evolution of 

hydrocephalus management from early experimental interventions to modern 

neuroendoscopic procedures, with particular emphasis on the role of technological innovation 

in improving clinical outcomes. 

Materials and Methods. The present study was designed as a narrative analytical 

review examining the historical development and modern clinical management of 

hydrocephalus. The research methodology involved systematic analysis of scientific 

publications, neurosurgical textbooks, historical medical reports, and contemporary clinical 

guidelines related to cerebrospinal fluid physiology and hydrocephalus treatment. 

Data were collected from major biomedical databases including PubMed, Scopus, and 

Web of Science. The literature search focused on studies published between 1900 and 2024 

that addressed surgical management of hydrocephalus, development of shunt systems, 

neuroendoscopic techniques, and clinical outcomes associated with different treatment 

modalities. The search strategy included combinations of keywords such as “hydrocephalus,” 

“cerebrospinal fluid shunt,” “ventriculoperitoneal shunt,” “ventriculoatrial shunt,” 

“endoscopic third ventriculostomy,” and “neuroendoscopy.” Studies were selected based on 

relevance to the evolution of hydrocephalus treatment and their contribution to understanding 

technological and clinical advancements. 

Inclusion criteria consisted of clinical studies, systematic reviews, and historical 

analyses describing surgical techniques or therapeutic innovations in hydrocephalus 

management. Exclusion criteria included publications lacking methodological clarity or those 

unrelated to neurosurgical treatment strategies. Extracted data were categorized according to 

treatment modality, technological innovation, clinical outcomes, and complication profiles. 

This approach allowed identification of key phases in the historical development of 

hydrocephalus management. 

Table 1. Major historical milestones in hydrocephalus treatment 

 

Period Therapeutic Innovation Key Contributors Clinical Impact 

Pre-1900 Ventricular puncture Early 

neurosurgeons 

Temporary relief of 

intracranial pressure 

1900–

1950 

Experimental internal 

drainage procedures 

Dandy and 

contemporaries 

Improved understanding 

of CSF physiology 

1950–

1980 

Valve-regulated shunt 

systems 

Holter and Spitz Dramatic reduction in 

mortality 

1990–

present 

Neuroendoscopic surgery Modern 

neurosurgeons 

Minimally invasive 

physiological treatment 
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Quantitative statistical analysis was not performed due to the heterogeneity of historical 

data sources. Instead, qualitative synthesis was used to evaluate the progression of therapeutic 

techniques and their clinical implications. 

Results. The historical analysis demonstrated that hydrocephalus treatment evolved 

through several distinct phases characterized by increasing technological sophistication and 

improved clinical outcomes. Early interventions primarily focused on reducing intracranial 

pressure through temporary drainage of cerebrospinal fluid. However, these procedures rarely 

provided long-term therapeutic benefit. The introduction of aseptic surgical techniques 

significantly reduced infection rates and allowed neurosurgeons to explore more complex 

procedures involving the ventricular system. During the early twentieth century, experimental 

operations attempted to redirect cerebrospinal fluid flow through various anatomical 

pathways. Nevertheless, these approaches were limited by the absence of reliable valve 

systems capable of regulating fluid drainage. 

The development of silicone-based catheter systems during the mid-twentieth century 

marked a turning point in hydrocephalus treatment. The ventriculoatrial shunt was initially 

introduced as a method for diverting cerebrospinal fluid directly into the venous circulation. 

Clinical studies demonstrated that this technique effectively reduced intracranial pressure and 

improved neurological function in many patients. However, complications associated with 

ventriculoatrial shunts, including thromboembolism and cardiac arrhythmias, led to the 

development of alternative approaches. The ventriculoperitoneal shunt subsequently became 

the most widely used treatment modality due to its relative simplicity and lower risk of 

systemic complications [4]. 

Long-term follow-up studies revealed that shunt systems are associated with significant 

complication rates. Mechanical obstruction, infection, and overdrainage syndromes remain 

common causes of shunt failure. In some clinical series, up to forty percent of patients 

required shunt revision within the first two years following implantation [5]. The emergence 

of neuroendoscopic surgery provided an alternative strategy aimed at restoring physiological 

cerebrospinal fluid circulation. Endoscopic third ventriculostomy has demonstrated high 

success rates in patients with obstructive hydrocephalus caused by aqueductal stenosis or 

posterior fossa tumors. 
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Ventriculoatrial shunt Ventriculoperitoneal shunt Endoscopic third 

ventriculostomy 

Fig. 1. Methods of treatment hydrocephalus 

 

Fig. 1. Methods of treatment hydrocephalus 

 

Table 2. Comparative characteristics of modern hydrocephalus treatments 

 

Treatment Method Mechanism of Action Advantages Limitations 

Ventriculoperitoneal 

shunt 

Diversion of CSF to 

peritoneal cavity 

Reliable 

pressure 

control 

Device dependency 

Ventriculoatrial shunt Drainage into venous 

system 

Effective CSF 

diversion 

Cardiovascular 

complications 

Endoscopic third 

ventriculostomy 

Restoration of 

physiological CSF 

pathway 

No implanted 

device 

Limited indications 

 

Clinical outcome data suggest that endoscopic third ventriculostomy may reduce long-

term complication rates in selected patients by eliminating dependence on implanted shunt 

systems. 

Discussion. The treatment of hydrocephalus has undergone remarkable transformation 

over the past century. Advances in neurosurgical technology, biomaterials, and neuroimaging 

have dramatically improved the prognosis for patients affected by this condition. Early 

surgical attempts were largely experimental and often associated with high mortality rates. 
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However, the development of modern shunt systems and neuroendoscopic techniques has 

significantly improved clinical outcomes. Shunt-based therapy remains the most widely used 

treatment for hydrocephalus worldwide. The ventriculoperitoneal shunt provides reliable 

diversion of cerebrospinal fluid and has proven effective in both pediatric and adult 

populations. Nevertheless, long-term dependence on implanted devices introduces a range of 

complications that may require repeated surgical interventions. Neuroendoscopic procedures 

have emerged as an important alternative for selected patients with obstructive 

hydrocephalus. Endoscopic third ventriculostomy offers the advantage of restoring natural 

cerebrospinal fluid pathways without permanent implants. Clinical studies have reported 

success rates exceeding seventy percent in appropriately selected patients [6]. Future research 

in hydrocephalus treatment is likely to focus on improving the reliability of shunt systems and 

expanding the indications for minimally invasive procedures. Technological innovations such 

as programmable valves, intracranial pressure monitoring devices, and advanced 

neuroimaging techniques are expected to play a critical role in optimizing patient outcomes. 

Conclusion 

The evolution of hydrocephalus treatment reflects the broader progress of neurosurgery 

as a medical discipline. From early experimental procedures to modern neuroendoscopic 

surgery, therapeutic strategies have continually evolved in response to advances in scientific 

knowledge and technological capability. Although significant progress has been achieved, 

hydrocephalus remains a complex condition requiring individualized treatment approaches. 

Continued research and technological innovation will be essential for further improving the 

management of this challenging neurological disorder. 
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