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ABSTRACT

Objectives: The objective of this review is to determine the effectiveness of isolated choroid plexus coagulation (CPC) as a
treatment for hydrocephalus in various clinical settings and the variables associated with its success.

Methods: PubMed was searched for the terms (choroid plexus coagulation) OR (choroid plexus cauterization). Those
studies published since 1990 were included so that they were relevant to current clinical practice. All studies evaluating the
efficacy of CPC as an isolated procedure for treating hydrocephalus were included.

Results: The etiology, approach, and degree of CPC were significantly associated with the effectiveness of the procedure.
The greatest effectiveness was reported in patients with hydranencephaly or maximum hydrocephalus (68.9%, p =
0.001276), when a parietal approach was used (74.4%, p = 0.000604), and when the temporal horn plexus was included
(64.7 %, p = 0.048068). Furthermore, a case of choroid plexus hyperplasia (CPH) treated effectively with CPC is described.
On the other hand, the type of electrode (p = 0.4631), the type of endoscope (p = 0.0699), and the presence of a previous
ventriculoperitoneal shunt (p = 0.3241) were not significantly associated with the effectiveness of CPC.

Conclusions: CPC is a viable treatment alternative in the management of hydranencephaly, CPH, and in selected cases of
hydrocephalus without the aforementioned characteristics. However, studies are needed to compare CPC with shunt
therapies before qualifying it as the first line of treatment.

Keywords: Choroid Plexus, Cautery, Hydrocephalus, Hydranencephaly, Ventriculoperitoneal Shunt. (source: MeSH NLM)

RESUMEN

Objetivos: El objetivo de esta revision es determinar la efectividad de la coagulacién de plexo coroideo (CPC) aislada
como tratamiento para la hidrocefalia en diversos escenarios clinicos y las variables asociadas a su éxito.

Métodos: Se hizo la bisqueda en PubMed de los términos (choroid plexus coagulation) or (choroid plexus cauterization).
Se incluyeron aquellos estudios publicados desde 1990, de manera que fueran relevantes para la practica clinica actual. Se
incluyeron todos aquellos estudios en que se evalud la eficacia de la CPC como procedimiento aislado para tratar la
hidrocefalia.

Resultados: La etiologia, el abordaje y el grado de CPC se asociaron significativamente a la efectividad del procedimiento.
La mayor efectividad se report6 en pacientes con hidranencefalia o hidrocefalia maxima (68.9%, p = 0.001276), cuando se
us6 un abordaje parietal (74.4%, p = 0.000604), y cuando se incluy6 el plexo de los cuernos temporales (64.7%, p =
0.048068). Ademas, se describe un caso de hiperplasia de plexo coroideo (HPC) tratada eficazmente con CPC. Por otro
lado, el tipo de electrodo (p = 0.4631), el tipo de endoscopio (p = 0.0699) y la presencia de una derivacion
ventriculoperitoneal previa (p =0.3241) no se asociaron significativamente con la efectividad de la CPC.

Conclusiones: la CPC es una alternativa de tratamiento viable en el manejo de hidranencefalia, HPC y en casos
seleccionados de hidrocefalia sin las caracteristicas antes mencionadas. Sin embargo, se hacen necesarios estudios que
comparen CPC con terapias de derivacion antes de calificarla como una primera linea de tratamiento.

Palabras Claves: Plexo Coroideo, Cauterizacion, Hidrocefalia, Hidranencefalia, Derivacion Ventriculoperitoneal (fuente: DeCS Bireme)
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Choroid plexus coagulation (CPC) is a procedure that

arises from the historical attempt to treat hydrocephalus, -7
however, it is replaced by bypass therapies as the standard
of treatment due to better results.® Complications of CSF
shunts It can be serious, so any method of reducing
dependence on these can be beneficial for patients,
especially in social and health contexts with difficult access
to care and a health system with significant financial
limitations. Up to 14% failure of CSF shunts is reported per
month and 20 to 50% in the first year in the general
population with hydrocephalus.?

Currently, the main use of CPC as a primary procedure for
the treatment of hydrocephalus is in combination with
endoscopic third ventriculostomy (CPC / ETV). This
procedure gained popularity mainly due to studies
published in Sub-Saharan Africa by Warf, in an attempt to
reduce the number of ventricular shunts due to the difficulty
of access to healthcare in that area and the associated
complications.10-17-

However, CPC also has its place as a treatment for
hydrocephalus as an isolated procedure. The cases with the
greatest benefit from a CPC alone correspond to cases in
which the placement of a CSF shunt may have higher risks,
such as hydranencephaly and maximal hydrocephalus.18
These risks include leakage of CSF due to a minimal or
absent cerebral cortex, dysfunction of the shunt, over
drainage, infection, and breakdown of the skin at the
insertion site.19-20-

Likewise, CPC takes place in the management of choroid
plexus hyperplasia (CPH), a rare pediatric disorder, with few
cases reported in the literature, in which CSF
overproduction would always be present.2t The installation
of a shunt of CSF alone in these patients is at high risk of
complication and does not constitute an etiological
treatment.2! Part of the definitive treatment that has been
offered to most of these patients is microsurgical
plexectomy, which presents a high risk of bleeding.22

These risks are what have led researchers and clinicians to
seek a viable treatment alternative for these cases of
hydrocephalus. The objective of this review is to determine
the effectiveness of isolated CPC as a treatment for
hydrocephalus in various clinical settings and the variables
associated with its success.

METHODS

PubMed was searched for the terms (choroid plexus
coagulation) OR (choroid plexus cauterization). Those
studies published since 1990 were included so that they
were relevant to current clinical practice. All studies
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evaluating the efficacy of CPC as an isolated procedure for
treating hydrocephalus were included.

A detailed review of the references of the selected papers
provided additional studies. Historical reviews about the
procedure and exclusive review articles were excluded.

All patients in whom CPC was associated with another
concomitant procedure, or whose aim was not to evaluate it
as a therapy for hydrocephalus, were excluded from the
results. Results corresponding to the same patient in
different studies were excluded from the statistical analysis.

A total of 329 results were found, of which 12 were included
in the data processing of the results of the review.

The chi? test was used to determine the association between
variables and the outcome in a population with an assumed
normal distribution and Fisher's exact test when associating
a population in which normality of the sample distribution
could not be assumed.

RESULTS

The total N evaluated in this review was 210 patients, with
an overall success of CPC as a treatment for hydrocephalus
of 46.7%. It was defined as the success of the procedure that
the patients did not need another intervention to control
hydrocephalus at the end of the follow-up. The data from
the primary studies are summarized in Table 1.

The studies do not provide sufficient information on sex,
head circumference (CC), rate of CC progression, or age at
the time of surgery to determine an association with the
effectiveness of the treatment. Table 2 shows the
effectiveness according to available variables.

The etiology, approach, and degree of CPC were associated
with the effectiveness of the procedure. The greatest
effectiveness was reported in patients with hydranencephaly
or maximum hydrocephalus (almost hydranencephaly, little
cortical remnant) (68.9%, p = 0.001276), when a parietal
approach was used (74.4%, p = 0.000604), and when the
plexus was included of the temporal horns (64.7%, p =
0.048068). In extreme hydrocephalus (very thin cerebral
cortex present, any etiology) the effectiveness was 37.5%.
Ogiwara et al.4* reported hydranencephaly as an etiology in
1 patient but did not specify whether the procedure was
successful or not, so it was not included in the effectiveness
analysis when comparing etiology.

On the other hand, the type of electrode (p = 0.4631), the
type of endoscope (p = 0.0699), and the presence of a
previous ventriculoperitoneal shunt (VPS) (p = 0.3241) were
not significantly associated with the effectiveness of CPC.
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Tabla 1: Summary of various studies on Choroid Plexus Coagulation (CPC)
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Tabla 2: Effectiveness of Choroid Plexus Coagulation (CPC) according to different variables

Abordaje  Bi-occipital: 49/128 (38.3%)
Grado de CPC | Incluyd cuernos temporales: 44/68 (64.7%)
Etiologia Hidranencefalia + hidrocefalia maxima: 31/45 (68.9%) Comunicante: 27/57 (47.4%)

Parietal: 32/43 (14.4%)

DVPprevia | No: 92/192 (47.9%) St 6/18 (33.3%%)
Electrodo  Monopolar. 93/202 (46.0%) Bipalar 1/1: (100%)
Endoscopio  Rigido: 88/197 (44.7%) Flexible: 9/12 (75%)

Fontanela anterior; 13/30 (43.3%)  Frontoparietal: 3/8 (37.5%) p=0.0006
No incluyd cueros temporales: 13/30 (43.3%)

Mielomeningocele 16/35

p=00480
Idiopética 5/12 No comunicante 2/18 (11.1%)  p= 0.0012

p=03241

p=04631
p=00699

DISCUSSION

Hydrocephalus is a pathology with a reported mortality of
up to 80% without treatment,49 therefore, in medical
practice, the implementation of effective therapies is
essential. CPC reappears as an alternative treatment for
hydrocephalus due to the inherent risks of a
ventriculoperitoneal shunt (VPS).9 The main use of the CPC
at present is together with the ETV to increase the
effectiveness of the latter.1°-17 However, the CPC also has a
role as an isolated procedure.

The mechanism by which hydrocephalus develops is not
fully elucidated, but the most widely accepted is that it
would be generated by an imbalance between CSF
production and absorption.23 The traditional model of CSF
net flow is based on CSF production in the choroid plexus,
its subsequent distribution through the subarachnoid space,
and finally its absorption in the arachnoid villi.

The presence of the choroid plexus has been reported as
necessary for the production of ventriculomegaly.24-26 Other
studies have shown that in a communicating hydrocephalus
model the ventricles fail to expand in the absence of normal
pulsatility of the choroid plexus.2? Furthermore, the role of
increased secretion of CSF by the choroid plexus in the
development of hydrocephalus is reported.2®8 Hypotheses
suggest a decreased absorption of CSF in children, in part
due to immature arachnoid villi more sensitive to changes in
intracranial pressure (ICP), with a large decrease in
resorption compared to slight increases in ICP.29-32 The
latter, associated with a skull with greater compliance, may
mask the severity of the condition.33 These studies
represent, in part, the theoretical basis for CPC as a
treatment for hydrocephalus.

In response to this model, a theory arises that tries to
explain scenarios that the classical model cannot fully
respond to, such as hydrocephalus without intracranial
hypertension (ICP), arrested hydrocephalus, hydrocephalus

without a transependymal pressure gradient, and CSF
circuit obstruction without hydrocephalus. The new
hydrodynamic model proposes that the interstitial fluid (IF)
and the CSF volume (water) constitute a functional unit and
are regulated by changes in the hydrostatic and osmotic
pressures of microvessels throughout the entire central
nervous system (CNS). The continuous turnover of the IF —
CSF (water) volume would be created by the filtration of
water through the walls of the arterial capillaries at high
hydrostatic pressure with plasma retention of osmolytes
(reflection coefficient of the main electrolytes Na + and CI-
is 0.98) and the reabsorption of water from the interstitium
into the venous capillaries and postcapillary venules by the
resulting osmotic backpressure. The changes in CSF volume
would depend on physiological and pathophysiological
processes that cause differences in osmolarity between the
CNS compartments.34

This theory is supported by the development of cerebral
edema under conditions of decreased blood osmolarity in
relation to the brain parenchyma and the CSF.35. 36
Conversely, hyperosmolar solutions are used in clinical
practice to lower intracranial pressure through the osmotic
movement of water from the brain tissue. 34 Water
accumulation in brain tissue has also been observed due to
increased post-trauma osmolarity and in ischemia.37: 38
According to this theory, hydrocephalus would be a
pathological state rather than pathology in itself and its
origin would not lie mainly in an overproduction of CSF in
the choroid plexuses, an alteration in its circulation, or an
absorption insufficient at the level of the arachnoid villi, but
rather the result of various pathophysiological processes
that affect They would regulate the extracellular volume as
in other parts of the body.34

The CPC would be intended to help the hydrodynamic
balance of the CSF, but it is difficult to know if the CPC has a
long-term effect in reducing the production of CSF and thus
helps the dynamic balance of the CSF, or during the time
that CPC works, allow the body to increase the CSF
reabsorption.18; 23
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Neurosurgery) 13

Fig 1: Intraoperative endoscopic images showing: (A) Entry to the right temporal horn with visualization of the choroid plexus adjacent to the contour of the
hippocampus; (B) fenestration of the pellucid septum; (C) entry to the left lateral ventricle with a view of the choroid plexus above the left thalamus-striate
vein and (D) cauterization of the choroid plexus of the left lateral ventricle. (Images were taken from Warf BC published in the Journal of Pediatrics

Studies in the population with hydrocephalus show variable
success rates according to the characteristics of the patients
(33.3% - 73.3%) with an overall effectiveness rate of 46.7%.
All the studies included in the analysis were retrospective
studies, most of them also with small population sizes.
Selection bias is high; few studies have a patient selection
system to use this procedure. Furthermore, significant
losses to follow-up are reported without assigning them as
failures. To minimize confounding bias, the statistical
significance of different factors was calculated, so that no
greater weight was assigned to a specific one or to the
association with another.

Pople and Ettles 39 describe in their series that in those
patients with rapidly progressive hydrocephalus (tense
fontanelle) CPC was less effective (11% vs 46%, p = 0.03),
but this represents an important measurement bias because
it represents the evolution of a parameter by means of a
subjective clinical estimation at a given time. Shitsama et
al.43 describe the same effect (p = 0.045), but how this
conclusion was reached is not mentioned. The positive
results found in this group of patients could in part be due to
milder hydrocephalus, with even a possible spontaneous
arrest of disease progression independent of the procedure.
However, it is not possible to draw a conclusion without
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Fig 2: Decision algorithm for the use of choroid plexus coagulation (CPC).

Preferir abordaje parietal no dominante, endoscopio flexible y coagulaciéon extensa.

primario o como adyuyvante de una DVP

knowing the progression of a certain parameter over time
until the time of surgery and establish cut-off points to
separate the "slowly" from the "rapidly progressive" one. In
Figure 2, an original algorithm is proposed to decide to
perform a CPC, based on the variables studied in this review.

In a population with communicating hydrocephalus, success
rates are higher than in non-communicating hydrocephalus
(47.4% vs 11.1%) and like myelomeningocele (45.7%). This
may have to do with a pathophysiological explanation since
in non-communicating hydrocephalus the main problem
would be determined by an obstruction at the level of the
subarachnoid space and/or in the ventricular system, so
plexus ablation would not have a major role in your
resolution. It is for this reason that CPC would not be
indicated in obstructive hydrocephalus.

The etiology was significantly associated with the
effectiveness of the procedure, the latter being the highest in
patients with hydranencephaly or maximum hydrocephalus
(68.9%, p = 0.001276). It is important not to confuse
hydranencephaly or maximum hydrocephalus with extreme
hydrocephalus, in the latter group the procedure was
successful only in 37.5% of the cases. Hydranencephaly is a
condition with high mortality, mostly in the first two years
of life, in which the main cause of death is pulmonary
complications and infections. 5© An absent cortex or a
remnant of it means that in these patients a CSF shunt has a
greater risk of complications, mainly CSF leak, shunt
dysfunction, and skin damage due to thinning of the
“Scalp”.19, 20 For this reason, CPC emerges as a management
option for this complex type of patients with the aim of
reducing complications associated with interventions for the
treatment of hydrocephalus, reducing the number of
interventions and improving the quality of life of patients.

Even though multiple studies have established that most of
the CSF would be produced in the ependyma, 5153 in these
patients, in particular, the lack of brain parenchyma as a
CSF producer and the greater ease of performing the
procedure due to anatomical distortion, mainly absence or
thinning of the septum pellucid for the coagulation of the
contralateral plexus, could be the cause of the favorable
results. The only prospective study 4* that compared CPC
with VPS for the treatment of hydranencephaly showed that
there is no significant difference between their success rates.
In addition, it showed that the cost associated with VPS is
more than double that of a CPC, due to the supplies used,
the interventions, and the total number of extra bed days
used. In contexts of limited resources, the latter can be
decisive when choosing a procedure.

CPC occurs in the treatment of choroid plexus hyperplasia
(CPH), a rare pediatric disorder that would always present
with increased CSF production.2t This increased CSF
production would determine a higher risk of complication of
a shunt, a review study 2! showed that 16 of 17 patients with
CPH developed ascites associated with VPS. In most cases,
the final procedure is a plexectomy, but this is a procedure
with a high risk of bleeding,22 so CPC appears like a safer
option. The evidence is scant, and they are only case reports.
The diagnosis is suspected with a bilaterally enlarged
choroid plexus on preoperative MRI and is confirmed by
histology with normal plexus, without mitotic figures or
elevated Ki67. In all cases, CPC is presented as a secondary
procedure for the treatment of CPH when VPS has failed. In
the only patient in whom CPC was evaluated as a definitive
procedure to treat hydrocephalus secondary to HPC, the
procedure was successful.2t In the other studies found, no
attempt was made to leave the patients free of a shunt,
therefore, we cannot draw conclusions regarding the
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effectiveness of CPC as management of hydrocephalus in
this group and were also not included in the results of this
review. In these last-mentioned studies, it was found that in
3 patients 5456 CSF production decreased and in 1 case 57 it
remained the same. Considering the quality of the available
evidence and the low probability of a prospective study due
to the epidemiology of this pathology, CPC may be useful as
a definitive treatment for this disorder, and with more
security, it may also be useful in reducing the risk of
development of ascites when associated with VPS, as well as
avoiding the risks associated with a plexectomy.

The degree of CPC is associated with the effectiveness of the
procedure, with a higher success rate in those that included
coagulation of the choroid plexus of the temporal horns
(64.7 vs 43.3%, p = 0.048068). This is probably explained
by greater control of CSF production in the choroid
plexuses; therefore, extensive cauterization of the plexuses
is recommended, including both plexuses corresponding to
the temporal horns.

The use of a flexible endoscope reported a higher success
rate than the rigid endoscope (75% vs 44.7%, p = 0.0699).
This difference close to statistical significance can be
explained by the small sample size in the flexible endoscope
group (5.7% of the total sample). The use of a flexible
endoscope would be associated with success because it
would technically facilitate the coagulation of a greater
proportion of the plexus in relation to a rigid
endoscope.58:59-

The type of approach was also significantly associated with
the effectiveness of the procedure (p = 0.000604).
Maximum effectiveness was achieved through a parietal
approach (74.4%), while the other approaches had similar
success rates (37.5 - 43.3%). One of the advantages of the
parietal approach is that it does not need more than one
entry point, unlike the bi-occipital approach in which 2 burr
holes are required, which in certain cases it is even
mentioned that they were placed with the help of
Neuronavigation, a resource not always available.

Like what happened with the almost exclusive use of a rigid
endoscope, the monopolar electrode was the choice in 96.2%
of the sample. Thus, the type of electrode was not
significantly associated with the effectiveness of the
procedure (p = 0.4631). In the only patient who exclusively
used a bipolar electrode, the procedure was successful. With
the present results, an assessment of the role of the bipolar
electrode in CPC cannot be made, but it is not ruled out that
it may be used in centers with experience in its use. In other
cases, it is prudent to proceed with a monopolar electrode
due to the bulk of published evidence with its use.

The presence of a previous VPS was not significantly
associated with a lower CPC effectiveness (p = 0.3241). This
possibly due to processes in which the overproduction of
CSF by the plexus prevailed and that the derivation was not
able to balance.

Smoquina et al

CONCLUSION

Isolated CPC is a viable treatment option for
hydranencephaly, choroid plexus hyperplasia, and to a
lesser extent for communicating hydrocephalus with non-
tense fontanelle. Factors associated with its success are a
greater degree of coagulation of the choroid plexus, a
parietal approach, and probably the use of a flexible
endoscope.

Finally, more prospective evidence is still needed that
directly compares CPC with bypass therapies and evaluates
long-term functional and neurocognitive outcomes when
possible, as well as patient and family satisfaction and
quality of life. The latter is of special importance in patients
who have a reserved survival prognosis such as
hydranencephaly. All this, with the objective to offer the
most information to the family when making the decision
about a procedure to be carried out.
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