Endoscopic third ventriculostomy and
choroid plexus cauterization versus
Endoscopic third ventriculostomy alone in
treatment of hydrocephalus in infants

A Systematic Review

A Dissertation submitted in partial fulfillment of the conditions for the
award of a Master Degree In Neurosurgery

By

Antony lhab Fouad Kaldas
M.B.B.Ch; Faculty of Medicine, Ain Shams University

Supervised by

Prof. Dr. Essam El Din Abdelrahman Emara
Professor of Neurosurgery,
Faculty of Medicine, Ain Shams University.

Asst.Prof.Dr.Sherif Hashem Mourad
Assistant Professor of Neurosurgery,
Faculty of Medicine, Ain Shams University

Lecturer.Dr.Emad Mamoun Hamza
Lecturer of Neurosurgery,
Faculty of Medicine, Ain Shams University.

Faculty of Medicine
AIN SHAMS UNIVERSITY
2016



Acknowledgment

First and foremost, | would like to give endless thankfulness to
Almighty God who allowed me to reach that far from my career, and putting
my future in his hands.

I would like to express my deep gratitude and warm appreciation to
my dear professor, Prof Dr. Essam Emara, Professor of Neurosurgery, Ain
Shams University, for his kind guidance and support throughout this work,
and also throughout my residency and training program since the first day |
was part of the Ain Shams University team.

My warmest thanks and gratefulness to Assist Professor Dr. Sherif
Hashem Mourad, Assistant Professor of Neurosurgery, Ain Shams University,
and Dr. Emad Maamoun, Lecturer of Neurosurgery, Ain shams University, for
their tremendous support, close supervision, patience and continuous
encouragement throughout this work and during my training program as
well.

My deepest appreciation to our professor, Prof. Dr. Alaa Fakhr,
Professor and Former chairmen of department of Neurosurgery, Ain Shams
University, for his continuous guidance and giving without return, and
creating the ultimate working environment.

I would also like to offer my sincerest gratitude to Prof Dr. Emad
Ghanem, Professor and Chairman of department of Neurosurgery, Ain Shams
University, for his continuous support and encouragement and appreciation
of hard work, and to all my professors in the Neurosurgery Department of Ain
Shams University for they have been a great support for years.

My sincere appreciation and thankfulness to Dr. Assem Mounir Abd
El Latif, Lecturer of Neurosurgery, Ain Shams University for his nonstop
support and guidance through this review to come out with its final picture in
addition to his continuous guidance through my residency program and life.

Beyond Science (which sometimes seemed to be nothing more than a
distant dream of good sense and reason) | would like to thank all my



colleagues, residents of the Department of Neurosurgery who provided the
support | have needed to complete my thesis and sharing the ups and downs
of my residency.

Finally, | thank my parents and my sister for supporting and

encouraging me throughout all my studies at university and as post graduate.

Antony Kaldas



Contents

[ o) B H T ={ U LSS SPR \
LISt Of tADIES ... Vil
List Of AbDreviations ........cooeiiiii e e IX
INEFOAUCTION .t sre e e sre e e ear e ennns 1
Rationale and justification of the study:......cccccuvveeiciiiicce e, 1
ATM OF The STUAY .eeeiciiee e e et e e e e rab e e e e sareeeeas 2
(0] T =Tt YT U SUPRSTt 2
ReVIEW Of LItEratUre.....coocuee ettt 3
A historical Back ground about CSF diSCOVEIY ......cuvviviiiieeieiiieeeiieee e 3
Neuroanatomy of the Ventricular System ..........coovceeiieiiiii i, 6
The Lateral VeNTriCles......uu ittt 6
FOramen Of MONIO: ..co.uiiiiiiciee et e 9

The Third VENTHCIE ..oueeeieeeeeee e e 11
Choroidal Fissure and Choroid PlEXUS .........cccueeiiereeneenienieeieeseeeeeeseee 18
Brain CISTEINS ..uiiiiiiiiiiiiiii it 21
Endoscope related anatomy of the third ventricle......cccccoooeiieieeinnecciieeee. 24
The Septum PelluCidUML........uiiiiee e e eerrr e e e e 30
The Liliequist MemMbBIrane.......ccccccvvie i e 32
Physiological Background...........cooiuiiiiiiiiiiie e 35
Biological FUNCLION Of CSF ......vviiieieeeeeee e 37

CSF Circulation and AbSOrption........cccececiiiieieiee e 38
Cerebrospinal fluid PreSSUre .......civcieee it 40

CSF Dynamics after Endoscopic third ventriculostomy........ccccccveeviiveeeniinnen. 41

[ NVZe [ Yol =T o] o T=1 LU RS 43



Etiology of Hydrocephalus..........coeoeiiiiiiii e 44

The Pathogenesis of Hydrocephalus .........ccooovuiiiiiieiiiicccieeee e 47
Secondary effects of hydrocephalus .........ccccoevviiiieiiciiei e, 49
Signs and symptoms of Hydrocephalus.........cccocoveeeiiiieiieciieeeccee e, 49
Treatment Modalities to Hydrocephalus ..........ccceeveeeeiicciiiiieeee e, 54

CSF SNUNTES ettt s e st e se e s sbe e e sreeesareeenes 55
Endoscopic third Ventriculostomy .......c...oeiieciiiiiiiiiee e 57
Choroid Plexus Cauterization ..........ceeceereeiienienieriie et 61

1V T=Td g o [o] Lo} -V U 62
SEANCN SEIAtEEY .uvviiiiie et e e e e e e e e e e e e ararrae e e e eeannnees 63
Data collection, Analysis and Appraisal ........cccueeeeeiiieeeicciiee e, 66
Data ANAIYSIS . .uveiiieiiee e et e e e bae e e e b e eeeennreas 66
RESUIES ...ttt e st e e st e s e e e e bt e e sab e e sare e e reeeeareeenee 67
(010 AV O T - o1 ] 5PNt 67
Etiology of Hydrocephalus in infants and difference in Age groups........ccee........ 73
Preoperative symptoms, signs and investigations:........ccccceeecieeeeiiieeeccciie e, 77
Operative details as reported by different authors........cccccoeeeivciiieiccciee e, 78
ST T A A O 10 (o] o [ 81
Complications as secondry OULCOMES:....ccccieeciviiiieeeeeececirieee e e e e e e e e e e e einnnes 88
Discussion and Data ANalySiS ....ccuueeiiciiiiieiiie et 90
CONCIUSION ..ttt ettt et sae e s e s ne b b eanes 105
RETEIENCES ...ttt s ne e st s e s anre e sanee s 106
ENGLISN SUMMAIY ...ttt e e ettt se st st et ss e eassresae e e senaenens 122
ArabiC SUMMAIY ...oeiiiieiie et s s s e s eaee e sreeenreeens 124



List of Figures

Figure 1: Bottom of the second column of the Edwin Smith Papyrus.........c..cc......... 4

Figure 2: Self-explaining text from page 172 in Breasted’s translation of the Edwin

Y 0118 0T =T 03V L LRSS 5
Figure 3: Lateral view of a glass cast of the ventricular system .........ccccceeevvveennnen. 6
Figure 4: Neural relationships of the lateral ventricles .......cccccoovviviieieeeec e, 7
Figure 5: Relations to the Foramen of Monro, Superior View ..........ccccceeeeeecenvnnneenn. 10
Figure 6: Relations to the Foramen of Monro , Enlarged view.........cccccceeeeunrnnnn.n. 10

Figure 7: Structures seen in the floor and lateral walls of the posterior segment of

3rd ventricle when viewed from the front ..., 13
Figure 8: Enlarged view of the anterior wall of the third ventricle.......................... 13
Figure 9: Midsagittal section of the third ventricle .........ccccce i, 15
Figure 10: Midsagittal views of the third ventricle..........cccccceeiiiiiiiieee e, 15

Figure 11: Anterior view of the floor and lower part of the third ventricle showing
relations of the aqueduct of SYIVIaS ......c.ceiiiiiiii i 17

Figure 12: The relationship between the lateral and third ventricle and the choroid

o113 U USSP 20
Figure 13: Lateral view of a midsagittal section of the brain showing the

SUPFateNtOrial CISTEINS ...vviiii e e e re e e s ae e e e naeeeeas 22
Figure 14: Inferior view of the basal Cisterns.........cccoccveeveeviie e, 23
Figure 15: Examining the floor of the third ventricle in cadaveric specimens ........ 24

Figure 16: Schematic drawing of the related nuclei of the third ventricle and the

site of ventricular puncture for ETV ...ttt e 26
Figure 17: The endoscopic implications of a diminished prepontine cistern.......... 27
Figure 18: Schematic showing sagittal views of the third ventricle......................... 29

Figure 19: A schematic representation of the anterior, middle and posterior
regions of the septum pellucidum in a sagittal View ........ccccvveeeiieriiiiiiiieee e 31
Figure 20: A schematic representation of the components of the Liliequist
membrane (LM) in Sagittal VIEW ........coccueiiieciiiee ettt e 33
Figure 21: Three-dimensional illustration of Liliequist’s membrane....................... 34
Figure 22: Subfrontal endoscopic view of ventriculocisternostomy in the third

VENEHICUIAr FlOOK oo 34

Vi



Figure 23: The central nervous system CSF compartments .........cccccceeeeeeeccciinvenennn. 35
Figure 24: Distribution of CSF in the central nervous system...........cccccceeevecnnrrenenn. 36
Figure 25: CSF spaces and site of CSF production, circulation and elimination ...... 38
Figure 26: MRI imaging illustrating CSF spaces selection and volume rendering

before and after endoscopic third ventriculostomy.........cccccveeieciiiieiiicieeccciee e, 42
Figure 27: Head circumferences charts ........cccooveeiiecei et 51

Figure 28: Schematic indicating method of making various linear ventricular

MEASUIEIMENTS ..eeieeiiiiiie ettt ee ettt e e e et e e e e s b e e te e e s e s arneeeeeeesesannrnne 53
Figure 29:lllustration for Scarff technigue for open venticulostomy ...................... 54
Figure 30: Artist’s illustrations demonstrating ETV .......ccoccveeiiviiiieiccceec e, 57
Figure 31: Calculation of the ETVSS ......ooo ittt 60
Figure 32: Performing choroid plexus cauterization..........cccceeeecvveeiiicieeeccciee e, 61

Figure 33: lllustration demonstrating the typical maximal extent of CPC obtained
With a rigid NEUroENdOSCOPE .......uviiiiiee ettt e e e eae e e e e 62
Figure 34: A schematic showing the article selection process from Medline
database search and manual review of bibliographies .........ccccooveeiiiiiiciiiiieenn e, 68

Figure 35: Chart illustrating etiology of hydrocephalus in both procedure ETV CPC

oL I = IV A1 [0 o 1T STTUPIR 76
Figure 36: Chart illustrating total patients with different etiologies of

hydrocephalus, treated with either ETV CPC or ETV alone ......cooeeeivcciviieeeeeeeccnnns 91
Figure 37: Chart illustrating comparison of outcome between ETV CPC vs ETV alone
N POSEINT HCP ...ciiiiee ettt st ste e s sbe e e saa e e sate e s sbaeesanae s 92
Figure 38: Chart illustrating comparison of outcome between ETV CPC vs ETV alone
in HCP due to idiopathiC AS .....oooeiiie et e 93
Figure 39 :Chart illustrating comparison of outcome between ETV CPC vs ETV alone
in HCP associated With MIMC ........coovciiiiiiiiiiee ittt 95
Figure 40: Chart illustrating comparison of outcome between ETV CPC vs ETV alone
TN COMIM HCP .ttt e e e e s e e e e e e s e 97
Figure 41: Chart illustrating comparison between % of successful outcomes by both
ETV CPC and ETV alone with different etiologies .........cccoveveeeiiecciiieeee e, 99
Figure 42: Chart illustrating comparison between % of successful outcomes by both
ETV CPC and ETV alone with different etiologies below age of 6 months .............. 99
Figure 43: Chart illustrating comparison between complication due to ETV CPC and
[ IV Lo =T PPt 103

Vil



List of tables

Table 1: Etiological mechanisms of pediatric hydrocephalus..........ccccceeeeennnnnne.n. 45
Table 2: Genetic abnormalities associated with pediatric hydrocephalus.............. 46
Table 3:Characteristics of studies reporting ETV CPC.......cccccceeviecciiiiieeee e, 69
Table 4: Characteristics of studies reporting ETV alone .......ccooovcccvvieeeeeeeeccnieeeenn. 70
Table 5: Characters of patients involved in the studies.......cccccoeoeeiiiieeeiiiiccciinnnn. 71
Table 6: Etiology of HCP in patients who underwent ETV CPC........ccccceeeeevcnnnrenenn. 74
Table 7: Etiology of HCP in patients who underwent ETV alone...........ccccccvveenneen. 75
Table 8:Pre op radiology according to authors..........ccceeeecieeeicccie e, 77
Table 9: Operative details in patients underwent ETV CPC.......cccceeevvvvveevceeeecnnen. 78
Table 10: Operative details in patients underwent ETV alone ........cccccceeeeviveenneen. 80
Table 11: Outcomes of patients with AS that underwent ETV CPC.............ccc......... 81
Table 12: Outcomes of patients with AS that underwent ETV alone....................... 82
Table 13: Outcomes of patients with Post inf HCP that underwent ETV CPC ......... 83
Table 14: Outcomes of patients with Post inf HCP that underwent ETV alone....... 83
Table 15: Outcomes of patients with MMC that underwent ETV CPC.................... 84
Table 16: Outcomes of patients with MMC that underwent ETV alone ................. 84
Table 17: Outcomes of patients with Comm HCP that underwent ETV CPC........... 85
Table 18: Outcomes of patients with MMC that underwent ETV alone ................. 85
Table 19: Outcome of second ETV after failure.....ccccccveveeviieeiiniceiiice e, 86
Table 20: Timing of failure post intervention ........ccccoeccciiiiiee e, 87
Table 21: Complications of surgery in patients that underwent ETV CPC.............. 88
Table 22: Complications of surgery in patients that underwent ETV alone............ 88

Vil



List of Abbreviations

AS Idiopathic aqueductal stenosis
CA Cerebral aqueductoplasty
Comm Communicating

CNS Central nervous system

CcP Choroid Plexus

CPC Choroid Plexus Cauterization
CSF Cerebro spinal fluid

CcT Computed tomography

DW Dandy Walker

ETV Endoscopic third ventriculostomy
ETV CPC Endoscopic third ventriculostomy with choroid plexus cauterization
ETVSS ETV success score

FM Foramen of Monro

FOHR Frontal occipital horn ratio

FT Floor of third ventricle

HCP Hydrocephalus

ICP Intra cranial pressure

Inf Inflammatory

Lt Left

MMC Myelomeningeocele

MR Magnetic resonance

Non comm Non Communicating

NR Not reported

OFC Occipito frontal circumfrance
RCT Randomized control trial

Rt Right

TCUS Trans cranial ultra sound
T2WI T2 weighted image of MRI
VPS Ventriculoperitoneal shunt




Introduction

Introduction

Rationale and justification of the study:

Infantile hydrocephalus is one of the variables and complex diseases
in neurological surgery; hydrocephalus defined as an active distension of the
ventricular system resulting from inadequate passage of cerebrospinal fluid
from its point of production within the cerebral ventricles to its point of
absorption into the systemic circulation.(1;2)

Hydrocephalus in infants which either can be congenital without
obvious extrinsic cause or secondary to hemorrhage, infection or

neoplasm(3) needs intervention and treatment by one way or another.

Endoscopic third ventriculostomy (ETV) is a procedure in which a CSF
diversion is created through a ventriculocisternostomy directly into the
subarachnoid space, besides the widely spread belief that it reduces the
transmantle pulsatile stress by increasing compliance of the ventricular
wall(4), this procedure has been debatable in infants due to high discrepancy

in failure rates among different studies.

The first neurosurgeon to use the ventriculoscope in visualizing
through the lateral ventricles was Dandy in 1922.(5) A year later came
William Mixter, who became the first neurosurgeon to perforate successfully
the floor of the third ventricle using an endoscope.(6) The combined efforts
of both Dandy and Mixter kept unrevealed until recent decades when the
ETV procedure began to gain widespread acceptance again, after the eyes
were stolen by the discovery of the shunts, in part due to the achievements
in fibro optical and mechanical instrumentation together with

stereotactic/ultrasound guided techniques.(7;8)
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Meanwhile Dandy in 1918 was the first to introduce the coagulation
and removal of the choroid plexus in the lateral ventricle as a treatment for
hydrocephalus, however, this procedure has diminished due to the low

success rate and high rates of complications.(9)

Recently, the combination of ETV with Choroid plexus cauterization
(CPC) in infants has been gained increasing popularity by virtue of a myriad
of reports with promising and favorable results.(10) With the rationale being
that an imbalance in CSF absorption capacity may be one of the reasons
behind ETV failure. Cauterization of the choroid plexus would, in theory,
decrease CSF production, compensating for the presumably hindered

absorption capacity of CSF in infants and upon other mechanisms.(11-14)

Aim of the Study

To review and summarize available knowledge on the role of adding
choroid plexus cauterization to the standard procedure of endoscopic third
ventriculostomy in the management of hydrocephalus in infants.

Objectives

Primarily, to review, revise and calculate the success of endoscopic
third ventriculostomy with choroid plexus cauterization (ETV CPC) in
comparison to endoscopic third ventriculostomy (ETV) alone in treatment of
hydrocephalus in full term infants with different etiologies, and infants with

no prior interventions.

Secondary, evaluating the added benefits and risks from the inclusion
of CPC to the ETV procedure. In addition to evaluating the success of the ETV
procedure for the second time.
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A historical Back ground about CSF discovery

The history of cerebrospinal fluid (CSF) was studied in context with
the history of neuro anatomy, neurophysiology and neuropathology not as a
separate entity. It was not till the sixteenth century since the CSF when as
such was discovered, a long earlier in history as early as 2500 BC a fluid within
the skull and vertebral column has been described by ancient Egyptians.

In 1862 an antique dealer named Edwin Smith bought a papyrus scroll
from a local dealer in Luxor, Egypt. This scroll is almost 5 meters long and was
found to contain as highly fascinating medical texts from ancient Egypt. It is
the oldest known manuscript on traumatic injuries, mostly in the field of
neuro trauma. It only contains scientific approaches without involvement of
magic or spells, making it one of a kind compared to other documents back
at this age. Dated back to 1500 BC, the time of dynasties 16—17 in ancient
Egypt, believed to be a copy of a text written during the period of the old
kingdom between 3000 and 2500 BC. Some authors speculates that Imhotep
was the author of the original manuscript.(15)

The Edwin Smith Papyrus consists of 48 case reports describing various
neuro trauma cases starting with the head proceeded by the spinal cord and
lastly peripheral nerve injuries. Furthermore each case is structured into
examination, diagnosis, prognosis and treatment, followed by summary,
which has been added as an original text illustration using unfamiliar terms
at time when the Smith Papyrus was written. The document is now displayed
attheNewYorkAcademyofMedicine.(Figl)

In case number six was the first known mentioning of CSF. The patient
had “a gaping wound in the head with compound comminuted fracture of
the skull and rupture of the meningeal membrane”.(15) The meninges were
described for first time in history, moreover, the word brain (marrow of the
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skull) appeared for the first time in any kind of literature. Aside from the
anatomical details, the fluid surrounding the brain, by which the author most
likely referred to the cerebrospinal fluid was described as well in this case of
brain injury. Most authors therefore refer to the Smith Papyrus as the first
appearance CSF in the medical literature.(Fig 2) (16;17)

Figure 1: Bottom of the secon'd column of the Edwin Smith Papyrus. The hieroglyphs in blue
circles refer to watery fluid in context with the surface of the brain (Courtesy of The New
York Academy of Medicine Library)
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a /" nh, “Auid"” is evidently the same as _ r nh (Pyr. 19858) and _— = (Pyr.
086b). The determinativeof thelatter example is the human mouth spitting or drooling.
Very important in this connection is the form _ " water " (Pyr. 25c). Compare
also the noun %' (Pyr. 1965a). Elsewhere this word occurs five times in our
papyrus (XIIT 19 ; XIV 15, where m is an error for w; XIV 16; XVII 9; X 20),
written with ¥ instead of A, the interchange 8o often observable in the Pyramid Texts,
snd another evidence of the great age of our treatise. It is explained in a gloss (XIV
16-16; consult commentary) s meaning to " issue, stream forth, flow out.” As a noun
it means “ exudation,” * fluid,” and the like. The noun e ® is found designating
some fluid secretion (in Mutler und Kind, 1,2: 8, 1 ¢f passim) which is adjured to
“runout” (WP AT 1,28ormP A B eS8, 4). CL Oelele, Zeatschrift, 89 (1901),
pp. 149 fl. The reference in our passage is possibly to the soft or viscous consistency
of the brain iteelf. Dr. Luckbardt remarks that this description " most certainly
refers to the cerebrospinal fluid by which the brain is surrounded.” ©® *his head "
is abbreviated to the determinative. It isimpossible to determine whether the surgeon
means " head " (p or d*d’) or ** skull "' (dnn-).

b 1) wd, * brain,” is a word of extraordinery interest, being the carlicst refer-
ence to the brain anywhere in human records. In the known documents of ancient
Egypt it occurs only eight times, seven of which are in Pap. Smith. The cighth case

Figure 2: ( a ) Self-explaining text from page 172 in Breasted’s translation of the Edwin
Smith Papyrus ( b ) Text from page 166 in Breasted’s translation of the Edwin Smith
Papyrus (case six), mentioning the word brain for the first time in medical literature(15)

Further discoveries where made but it was not till later in time in mid-
19t century when the final breakthrough came with Francois Magendie a
French experimental physiologist who eventually established the place of CSF
in neuroanatomy and physiology. He also stated that the CSF is a normal
rather than a pathological constituent of the human body, and most
importantly he gave the name “liquide cerebrospinal”(18) which has been
used since then.
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Neuroanatomy of the Ventricular System

The ventricular system of the brain is composed of four freely
communicating cerebrospinal fluid (CSF) filled cavities: the two lateral
ventricles, the third ventricle, and the fourth ventricle. The lateral ventricles
are C-shaped cavities that lie deep in each cerebral hemisphere.(19) (Fig 3)

Lateral ventricle
Frontal horn
Atrium
Occipital horn
Temporal horn

/

Third ventricle
Interthalamic adhesion
Aqueduct of Sylvius
Fourth ventricle
t Foramen of Magendie
Figure 3: Lateral view of a glass cast of the ventricular system.(20)

The Lateral Ventricles

Each lateral ventricle is divided into:

e Body.

e Atrium.

e Anterior (frontal)horn.

e Posterior (occipital) horn.
e inferior (temporal) horn.

Each of these parts has medial and lateral walls, a roof, a floor, and an
anterior wall.(21)

The body occupies the parietal lobe and extends from the posterior
edge of the foramen of Monro to the point where the septum pellucidum
disappears and the corpus callosum and fornix meet.

The lateral wall is composed of the caudate nucleus superiorly and

the thalamus inferiorly, separated by the striothalamic sulcus, the groove in
which the stria terminalis, and the thalamostriate vein course.
The medial wall is composed of the septum pellucidum superiorly and

the body of the fornix inferiorly.



