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ABOUT THE STUDY

Hydrocephalus, initially described by Hippocrates around 400
B.C., occurs when Cerebrospinal Fluid (CSF) accumulates
abnormally in the ventricles of the brain [1-5]. Worldwide, it is
the most common condition that neurosurgeons address, with
thousands of new cases arising in the United States each year
[5-7]. Hydrocephalus is the most common brain disorder in
children, though it can affect people of any age [5,7-9].

While hydrocephalus is accompanied by a variety of symptoms,
including headaches, vomiting, and sensory disturbances, certain
sequelae of hydrocephalus, such as motor dysfunction, cognitive
impairment, and growth deficits, render patients in need of
ongoing care [4,7,10,11]. The condition can occur for a variety of
reasons, which leads to a diverse and complicated patient
population that includes patients who face distinct challenges
and prognoses [12,13].

Different forms of hydrocephalus contribute to a
heterogeneous patient population

The term hydrocephalus captures several distinct conditions that
vary in terms of how or when they lead to clinical dysfunction.
Relevant factors include age, clinical drivers, and the presence or
absence of obstructions.

Age: Hydrocephalus can present at any age. It is estimated that
1.1 out of every 1,000 infants suffer from hydrocephalus [8].
Though hydrocephalus was once considered a disease that
primarily affected children, diagnostic techniques have helped to
clarify its relatively high incidence rate in adults as well [9].

Congenital hydrocephalus: Congenital hydrocephalus is present
from birth and may result from genetics or from events that
occur in utero [13].

Acquired hydrocephalus: On the other hand, acquired hydrocephalus
develops anytime in response to disease or injury [13]. These
forms of hydrocephalus are often observed in response to
hemorrhage, tumors, head trauma, or infection of the central
nervous system [10].

Clinical drivers: While all cases of hydrocephalus involve a disruption
to CSF homeostasis, the clinical mechanisms can be distinct.

Genetics: It is estimated that about 40% of hydrocephalus cases
are linked to a genetic etiology, with changes at the molecular
level driving hydrocephalus pathogenesis [11].

Hemorrhage or Trauma: Approximately 15% of preterm infants
experience hemorrhaging in the ventricles, which leads to Post-
(PHH), the

neurological complication for those born prematurely [14]. PHH

Hemorrhagic Hydrocephalus most common
is also one of the most serious complications of Traumatic Brain
Injury (TBI) as well as both subarachnoid hemorrhage and

intraventricular hemorrhage in adults [10].

Infection: Post Infectious Hydrocephalus (PIH) occurs following
infection and may present similarly to PHH as reparative
inflaimmation damages tissue [6]. However, unlike with PIH,
PHH may occur due to hemorrhaged blood and its metabolic
products, such as blood clots [10-13].

Obstructions: Regardless of the
hydrocephalus is often defined by whether an obstruction is

underlying mechanisms,

present [13,14]. Though in some cases, excess production of CSF
the

consequence of obstructed CSF flow and often leads to ventricle

causes hydrocephalus, the condition is most often
enlargement [15,16]. Acute hydrocephalus can occur when there

is sudden obstruction of CSF pathways [17].

Communicating hydrocephalus: Communicating hydrocephalus
refers to cases where no obstruction is present, and the lack of
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CSF homeostasis arises from increased CSF production or
inadequate absorption [13,18].

Non-communicating hydrocephalus: Non-communicating hydrocephalus
is the result of blocked CSF flow that leads to ventricle
enlargement and enhanced pressure inside the skull. In the case
of Normal Pressure Hydrocephalus (NPH), which is more often
observed in the elderly, dilated ventricles occur despite no
obstruction or enhanced pressure and are accompanied by
normal hydrocephalus symptoms such as slow recall [13,19]. This
form of hydrocephalus represents the first and one of the only
forms of dementia that is treatable [20,21].

Conventional treatments are limited in their value

While shunting and surgery are the most common approaches
to hydrocephalus, there are three ways that hydrocephalus can
theoretically be treated [4,22]. First, the excessive CSF can be
reversed by reducing CSF production through the deactivation
of the choroid plexus, which generates CSF. Such deactivation
could through surgical removal, radiation, or
pharmacotherapy. Second, CSF resorption could be enhanced
to reduce excess CSF, which could be accomplished by shunting
CSF toward areas with low pressure. Third, the blocked
pathways resulting from CSF accumulation in the brain can be
unblocked through bypass, lesion, or surgical removal.

occur

Unfortunately, conventional therapies for hydrocephalus are
associated with complications, including infection and drainage
tube obstruction [10]. Shunt complications are common, and
shunting is limited in that it can only partially reverse the
damage caused by hydrocephalus [16]. As hydrocephalus
progresses, its effectiveness diminishes. Within one yar, more
than 30% of shunts have failed, and within 10 years, more than
66% of shunts do not survive without revision [23,24]. In
addition to the associated health-related challenges, shunt
complications and comorbidities, also lead to problems with
social functioning [25-28].

Appropriate ongoing care is required to reduce pain
and suffering in hydrocephalus patients

Patients are never cured of hydrocephalus, and each patient
faces a unique clinical course. It is thus imperative that each
patient is matched with the appropriate type and level of care to
address their individual clinical needs and reduce the risk of
complications.

While surgeries themselves are relatively safe, between 5% and
15% of patients die within 10 years of surgery [29]. A significant
proportion of these deaths are attributed to failures in diagnosis
and treatment of shunt malfunctions. However, when rapidly
identified, shunt malfunction complications can often be
overcome successfully [13]. Timely intervention across the
lifespan of those with hydrocephalus therefore improves patient
outcomes and is also associated with significant cost savings

(5,29-31].
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CONCLUSION

In addition to the potential for life-saving interventions, ongoing
care for those with hydrocephalus is also needed to address the
these patients
hydrocephalus patients have neurological deficits, with roughly
60% suffering motor impairments and 25% experiencing visual
or auditory disturbances. As emerging data open possibilities for
new therapies for hydrocephalus, such as stem cell therapies and

challenges experience. For example, most

gene therapies, it is important to think about how care will need
to adjust to a new therapeutic landscape to support the safety
and comfort of all hydrocephalus patients.

REFERENCES

1.  Thomale UW. Integrated understanding of hydrocephalus-a practical
approach for a complex disease. Childs Nerv Syst. 2021;37(11):
3313-3324.

2. Zhang ], Williams MA, Rigamonti D. Genetics of human
hydrocephalus. ] Neurol. 2006;253:1255-1266.

3. Filis AK, Aghayev K, Vrionis FD. Cerebrospinal fluid and
hydrocephalus: Physiology, diagnosis, and treatment. Cancer
Control. 2017;24(1):6-8.

4. Aschoff A, Kremer P, Hashemi B, Kunze S. The scientific history of
hydrocephalus and its treatment. Neurosurg Rev. 1999;22:67-93.

5. Hochstetler A, Raskin ], Blazer-Yost BL. Hydrocephalus: historical
analysis and considerations for treatment. Eur ] Med Res.
2022;27(1):168.

6. Karimy JK, Reeves BC, Damisah E, Duy PQ, Antwi P, David W, et
al. Inflammation in acquired hydrocephalus: pathogenic mechanisms
and therapeutic targets. Nat Rev Neurol. 2020;16(5):285-296.

7. Dewan MC, Rattani A, Mekary R, Glancz LJ, Yunusa I, Baticulon
RE, et al. Global hydrocephalus epidemiology and incidence:
Systematic review and meta-analysis. ] Neurosurg. 2018;130(4):
1065-1079.

8. Tully HM, Dobyns WB. Infantile hydrocephalus: A review of
epidemiology, classification and causes. Eur ] Med Genet.
2014;57(8):359-368.

9. Edwards RJ, Dombrowski SM, Luciano MG, Pople IK. Chronic
hydrocephalus in adults. Brain Pathol. 2004;14(3):325-236.

10. Chen Q, Feng Z, Tan Q, Guo J, Tang ], Tan L, et al. Post-
hemorrhagic hydrocephalus: Recent advances and new therapeutic
insights. ] Neurol Sci. 2017;375:220-230.

11. LiJ, Zhang X, Guo ], Yu C, Yang ]J. Molecular mechanisms and risk
factors for the pathogenesis of hydrocephalus. Frontiers in Genetics.
2022;12:777926.

12. Hamilton MG. Treatment of hydrocephalus in adults. Semin Pediatr
Neurol. 2009;16(1):34-41). WB Saunders.

13. Hydrocephalus. American Association of Neurological Surgeons
(AANS). 2023.

14. Ellenbogen JR, Wagar M, DPettorini B. Management of post-
haemorrhagic hydrocephalus in premature infants. ] Clin Neurosci.
2016531:30-34.

15. Farb R, Rovira A. Hydrocephalus and CSF disorders. Diseases of the
brain, head and neck, spine 2020-2023: Diagnostic imaging.
2020:11-24.

16. Del Bigio MR. Neuropathological changes caused by hydrocephalus.
Acta Neuropathol. 1993;85:573-585.

17. Milhorat TH. Acute hydrocephalus. N Engl ] Med. 1970;283(16):
857-859.

18. Greitz D. Radiological assessment of hydrocephalus: New theories
and implications for therapy. Neurosurg Rev. 2004;27:145-165.


https://link.springer.com/article/10.1007/s00381-021-05243-3
https://link.springer.com/article/10.1007/s00381-021-05243-3
https://link.springer.com/article/10.1007/s00415-006-0245-5
https://link.springer.com/article/10.1007/s00415-006-0245-5
https://journals.sagepub.com/doi/full/10.1177/107327481702400102
https://journals.sagepub.com/doi/full/10.1177/107327481702400102
https://link.springer.com/article/10.1007/s101430050035
https://link.springer.com/article/10.1007/s101430050035
https://link.springer.com/article/10.1186/s40001-022-00798-6
https://link.springer.com/article/10.1186/s40001-022-00798-6
https://www.nature.com/articles/s41582-020-0321-y
https://www.nature.com/articles/s41582-020-0321-y
https://thejns.org/view/journals/j-neurosurg/130/4/article-p1065.xml
https://thejns.org/view/journals/j-neurosurg/130/4/article-p1065.xml
https://www.sciencedirect.com/science/article/abs/pii/S1769721214001347
https://www.sciencedirect.com/science/article/abs/pii/S1769721214001347
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1750-3639.2004.tb00072.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1750-3639.2004.tb00072.x
https://www.sciencedirect.com/science/article/abs/pii/S0022510X17300941
https://www.sciencedirect.com/science/article/abs/pii/S0022510X17300941
https://www.sciencedirect.com/science/article/abs/pii/S0022510X17300941
https://www.frontiersin.org/articles/10.3389/fgene.2021.777926/full
https://www.frontiersin.org/articles/10.3389/fgene.2021.777926/full
https://www.sciencedirect.com/science/article/abs/pii/S1071909109000072
https://www.aans.org/en/Patients/Neurosurgical-Conditions-and-Treatments/Hydrocephalus
https://www.sciencedirect.com/science/article/abs/pii/S0967586816300030
https://www.sciencedirect.com/science/article/abs/pii/S0967586816300030
file:///C:/Users/omics/Downloads/2020_Book_DiseasesOfTheBrainHeadAndNeckS.pdf
file:///C:/Users/omics/Downloads/2020_Book_DiseasesOfTheBrainHeadAndNeckS.pdf
https://link.springer.com/article/10.1007/BF00334666
https://www.nejm.org/doi/pdf/10.1056/NEJM197010152831608
https://link.springer.com/article/10.1007/s10143-004-0326-9
https://link.springer.com/article/10.1007/s10143-004-0326-9

Lichtblau CH, et al.

19. Verrees

20.

21.

22.

23.

24.

25.

M, Selman WR. Management of normal pressure
hydrocephalus. Am Fam Physician. 2004;70(6):1071-1078.

Kiefer M, Unterberg A. The differential diagnosis and treatment of
normal-pressure hydrocephalus. Dtsch Arztebl Int. 2012;109(1-2):15.
Bradley WG. Normal pressure hydrocephalus: New concepts on
etiology and diagnosis. AJNR Am ] Neuroradiol. 2000;21(9):
1586-1590.

Kahle KT, Kulkarni AV, Limbrick DD, Warf BC. Hydrocephalus in
children. Lancet. 2016;387(10020):788-799.

Bergsneider M, Egnor MR, Johnston M, Kranz D, Madsen JR,
McAllister JP, et al. What we don’t (but should) know about
hydrocephalus. ] Neurosurg. 2006;104(3):157-159.
Del Bigio MR, Di Curzio DL. Nonsurgical
hydrocephalus: A comprehensive and critical review. Fluids and
Barriers of the CNS. 2015;13:1-20.

Gupta N, Park J, Solomon C, Kranz DA, Wrensch M, Wu YW.
Longterm outcomes in patients with treated childhood

hydrocephalus. ] Neurosurg. 2007;106(5):334-339.

therapy for

Int ] Phys Med Rehabil, Vol.11 Iss.8 No:1000688

26.

21.

28.

29.

30.

31.

OPEN 8 ACCESS Freely available online

Bergsneider M, Miller C, Vespa PM, Hu X. Surgical management of
adult hydrocephalus. Neurosurgery. 2008;62:SHC-643.

Chumas P, Tyagi A, Livingston J. Hydrocephalus—what's new?. Arch
Dis Child Fetal Neonatal Ed. 2001;85(3):F149-F154.

Shprecher D, Schwalb J, Kurlan R. Normal pressure hydrocephalus:
Diagnosis and treatment. Curr Neurol Neurosci Rep. 2008;8(5):
371-376.

Simon TD, Lamb S, Murphy NA, Hom B, Walker ML, Clark EB.
Who will care for me next! Transitioning to adulthood with
hydrocephalus. Pediatrics. 2009;124(5):1431-1437.

Vinchon M, Baroncini M, Delestret 1. Adult outcome of pediatric
hydrocephalus. Child's Nervous System. 2012;28:847-854.

Lifshutz JI, Johnson WD. History of hydrocephalus and its
treatments. Neurosurg Focus. 2001;11(2):1-5.


https://www.aafp.org/pubs/afp/issues/2004/0915/p1071.html
https://www.aafp.org/pubs/afp/issues/2004/0915/p1071.html
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3265984/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3265984/
https://www.ajnr.org/content/21/9/1586.short
https://www.ajnr.org/content/21/9/1586.short
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(15)60694-8/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(15)60694-8/fulltext
https://thejns.org/pediatrics/view/journals/j-neurosurg-pediatr/104/3/article-p157.xml
https://thejns.org/pediatrics/view/journals/j-neurosurg-pediatr/104/3/article-p157.xml
https://link.springer.com/article/10.1186/s12987-016-0025-2
https://link.springer.com/article/10.1186/s12987-016-0025-2
https://thejns.org/pediatrics/view/journals/j-neurosurg-pediatr/106/5/article-p334.xml
https://thejns.org/pediatrics/view/journals/j-neurosurg-pediatr/106/5/article-p334.xml
https://journals.lww.com/neurosurgery/abstract/2008/02001/surgical_management_of_adult_hydrocephalus.21.aspx
https://journals.lww.com/neurosurgery/abstract/2008/02001/surgical_management_of_adult_hydrocephalus.21.aspx
https://fn.bmj.com/content/85/3/F149.short
https://link.springer.com/article/10.1007/s11910-008-0058-2
https://link.springer.com/article/10.1007/s11910-008-0058-2
https://publications.aap.org/pediatrics/article-abstract/124/5/1431/72172/Who-Will-Care-for-Me-Next-Transitioning-to
https://publications.aap.org/pediatrics/article-abstract/124/5/1431/72172/Who-Will-Care-for-Me-Next-Transitioning-to
https://link.springer.com/article/10.1007/s00381-012-1723-y
https://link.springer.com/article/10.1007/s00381-012-1723-y
https://thejns.org/focus/view/journals/neurosurg-focus/11/2/foc.2001.11.2.2.xml
https://thejns.org/focus/view/journals/neurosurg-focus/11/2/foc.2001.11.2.2.xml

	Contents
	Hydrocephalus and the Need for Continuous Personalized Care
	ABOUT THE STUDY
	Different forms of hydrocephalus contribute to a heterogeneous patient population
	Conventional treatments are limited in their value
	Appropriate ongoing care is required to reduce pain and suffering in hydrocephalus patients

	CONCLUSION
	REFERENCES




