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In recent years, neuroendoscopic treatment of hydrocephalus and various ventricular pathologies has become increasingly popular.
It is considered by many as the first-choice treatment for the majority of these cases. However, neurocognitive complications
following ventricular neuroendoscopic procedures may occur leading mostly to amnesia, which might have a grave effect on the
patient’s quality of life. Studies assessing neurocognitive complications after ventricular neuroendoscopic procedures are sparse.
Therefore, we conducted a systematic review assessing the available literature of neurocognitive complications and outcome
after ventricular neuroendoscopy. Of 1216 articles screened, 46 were included in this systematic review. Transient and
permanent neurocognitive complications in 2804 ventricular neuroendoscopic procedures occurred in 2.0% (n = 55) and 1.04%
(n=28) of the patients, respectively. Most complications described are memory impairment, followed by psychiatric symptoms
(psychosyndrome), cognitive impairment not further specified, declined executive function, and confusion. However, only in
20% of the series describing neurocognitive complications or outcome (n=40) was neurocognition assessed by a trained
neuropsychologist in a systematic manner. While in most of these series only a part of the included patients underwent
neuropsychological testing, neurocognitive assessment was seldom done pre- and postoperatively, long-term follow up was rare,
and patient’s cohorts were small. A paucity of studies analyzing neurocognitive complications and outcome, through systematic
neuropsychological testing, and the correlation with intraoperative lesions of neuronal structures (e.g., fornix) exists in the
literature. Therefore, the neurocognitive and emotional morbidity after ventricular neuroendoscopic procedures might be
underestimated and warrants further research.

procedures [5, 6]. In addition, endoscopic treatment of
hydrocephalus is considered preferable to the placement

Ventricular neuroendoscopy, for the treatment of occlusive,
and also nonocclusive, hydrocephalus, colloid cysts (CC),
intraventricular cysts, fourth ventricle outlet obstruction
(FVOO), and intraventricular tumors has become increas-
ingly popular over thelast two decades [1-4]. Various ventric-
ular endoscopic procedures, such as third ventriculostomy
(ETV), CCresection or aspiration, tumor biopsy or resection,
septum pellucidotomy, and foraminoplasty or stenting, have
been described. Endoscopic procedures are often described
as minimally invasive, since they lead to lower morbidity
and mortality rates when compared to open microsurgical

of ventriculoperitoneal shunt (VPS) in patients above the
age of six months, since it is at least as efficient and it
avoids a lifetime shunt dependency and associated compli-
cations, occurring sometimes years after VPS placement
[1, 7]. Despite the growing preference of neuroendoscopic
procedures for the treatment of hydrocephalus and intra-
ventricular lesions, only few studies analyze variables such
as cognitive and emotional deficits following these proce-
dures [3, 4, 8-16]. In addition, the very few studies asses-
sing for neurocognition in a systematic manner do not
focus on neurocognitive decline caused by the surgery
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itself, but rather on improvement in neurocognitive outcome.
Neurocognitive complications after ventricular neuroendo-
scopy are difficult to assess, since hydrocephalus and the
lesions within the ventricles might be the reason for the neu-
rocognitive impairment. Nevertheless, it seems that neuro-
cognitive complications, due to intraoperative damage to the
fornix, mamillary bodies, anterior thalamus, hypothalamus,
and hippocampal formation and fibers, are underestimated
and seldom assessed through systematic neuropsychological
test batteries [2, 15, 17]. We provide a systematic review
summarizing the rate of cognitive complications after ventric-
ular neuroendoscopic procedures. First, the anatomical back-
ground of ventricular structures involved in neurocognition
is described. Thereafter, ventricular pathologies potentially
causing neurocognitive decline are discussed. Following, the
results of studies evaluating neurocognition based on system-
atic neurocognitive test batteries, concluded by trained neuro-
physiologist, are discussed in more detail. Finally, ways to
avoid neurocognitive complications during ventricular neu-
roendoscopy and suggestions for future research are presented
and discussed.

2. Methods

References for this review were identified by searching of
PubMed between 1960 and 2019. Terms inserted were
“neuroendoscopy AND complications”, “neuroendoscopy
AND cognitive outcome”, “neuroendoscopy AND memory”,
“neuroendoscopy AND quality of life”, “neuroendoscopy
AND cognition”, “neuroendoscopy AND neuropsychologi-
cal outcome”, “endoscopic third ventriculostomy AND neu-
ropsychology”, “endoscopic third ventriculostomy AND
neurocognition”, “endoscopic third ventriculostomy AND
neurocognitive”, “colloid cyst AND neuropsychology”,
“colloid cyst AND neurocognition”, and “colloid cyst AND
neurocognitive” with restrictions to English language, case
reports, clinical trials, controlled clinical trials, meta-analy-
ses, randomized controlled trials, reviews, and systematic
reviews. Abstracts were reviewed by the authors, duplicates
were removed, and the final list of references was generated
(Figure 1). We included only studies, where cognitive com-
plications, cognitive outcome, or lesions to neurocognitive
anatomical structures (e.g., fornix and mamillary bodies),
after ventricular neuroendoscopy for various indications
were described. Inclusion was not limited to a specific age
group; therefore, studies of all age spans (adults, pediatric,
or both) were included. The review was performed in accor-
dance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines.

3. Results

After searching for all terms, 1210 records were identified by
the database and 6 additional records were identified through
references within selected records. After removal of 19 dupli-
cates, 1197 records were screened. Based on title or abstract
review, 1044 records were excluded. Out of the remaining
153 records, 107 were excluded with reason resulting in 46
articles (Figure 1).
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Out of over 150 screened series, discussing complications
after ventricular neuroendoscopy, only 40 specifically
describe postoperative cognitive complications [2-5, 10, 12,
14-47], of which only eight (20%) evaluate postoperative
neurocognitive outcome in a systematic manner. In most of
these eight series, not all of patients underwent neuropsycho-
logical testing, neurocognitive assessment was seldom done
pre- and postoperatively, long-term follow up was rare, and
patient’s cohorts were small. Three case reports [8, 9, 11]
and three reviews [1, 48, 49] describing or discussing postop-
erative cognitive complications were included in this system-
atic review as well. The vast majority of the included series
were of retrospective manner, while 28 (70%) of the included
studies describe the outcome in less than 50 patients, five
(12.5) include 50-100 patients, four (10%) 100-200 patients,
two (5%) 200-500 patients, and one (2.5%) more than 500
patients (Table 1). In 25 studies, a rigid endoscope was used;
in four studies, a flexible endoscope was used; and in six stud-
ies, both flexible and rigid endoscopes were used, while in 6
studies, the type of endoscope used was not described
(Table 1).

Table 1 presents the 40 included series describing neuro-
cognitive complications, of which 8 assess for neurocognitive
outcome through specific neuropsychological test batteries
[3, 4, 10, 12-16]. Transient and permanent neurocognitive
complications in 2804 ventricular neuroendoscopic proce-
dures occurred in 2.0% (n=55) and 1.04% (n=28) of the
patients, respectively. Most complications described are
memory impairment, followed by psychiatric symptoms
(psychosyndrome), cognitive impairment not further speci-
fied, declined executive function, and confusion (Table 1).
Neurocognitive complication rates for specific types of
ventricular neuroendoscopic procedures are presented in
Table 2.

4. Discussion

4.1. Structures Involved in Neurocognition at Risk during
Ventricular Neuroendoscopy. Based on the very limited and
low-quality literature available, it seems that the most fre-
quent neurocognitive complication after ventricular neuroen-
doscopy is memory impairment, specifically anterograde
amnesia, while decline in executive function and psychiatric
disorders are described as well [1, 6, 8, 9, 11, 13, 16, 20, 21,
23,29,32, 34, 40, 46, 50]. To note, many patients with ventric-
ular pathologies present with memory impairment to begin
with; therefore, the assessment of postoperative memory
impairment is often hindered, especially when neuropsycho-
logical assessment, by a specialized neuropsychologist, before
and after surgery is not performed [1, 15, 51]. This might also
explain the fact that some authors feel that neurocognitive
complications due to surgery are often neglected or not real-
ized and are therefore underestimated [1, 17, 52]. In addition,
lesions of important ventricular structures caused by surgical
procedures are rarely assessed for and seldom described
within reports in the literature, although such lesions poten-
tially lead to incriminating neurocognitive morbidity. For
these reasons, the knowledge of ventricular anatomy and its
adjacent neuronal structures, which are involved in important
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FiGURE 1: Selection of articles included in this review.

neurocognitive functions, such as memory and executive
functions, is imperative. Improved knowledge of the anatomy
and function of neuronal structures within the ventricle, spe-
cifically the 3" ventricle, will most probably lead to improved
assessment of neurocognitive complications and their report-
ing in the literature after ventricular neuroendoscopy. Herein,
we provide a short overview of the main structures within or
in proximity to the 3™ ventricle, involved in neurocognitive
functions.

The roof of the third ventricle consists of the hippocam-
pal commissure, as well as the crus and body of the fornix
[53]. Within the floor of the third ventricle, the mamillary
bodies are seen, while the columns of the fornix and the fora-
men of Monro limit the anterior wall [53]. The thalamus,
hypothalamus, and further the columns of the fornix are
found within the lateral wall of the third ventricle [53]. It is
important to acknowledge that the fornix runs along the

cranial part of the septum pellucidum. The fornix is the
major tract connecting the hippocampal formation to the
mamillary bodies, the diencephalon (consisting amongst
others of the hypothalamus and thalamus), and the medial
temporal regions [54-57]. All of these structures are believed
to be involved in memory and other important cognitive
functions such executive functions. Lesions to these struc-
tures are often associated with temporal lobe and dience-
phalic amnesia beyond executive function disorder [54, 55,
57, 58]. Some fibers of the limbic system (fornix-hippocam-
pus-mamillary bodies) seem to be linked and connected with
the amygdaloid complex and the orbitofrontal cortex both
discussed in control of emotions, decision-making, and social
cognition [57]. Thus, emotional disturbances, mood changes,
and psychiatric symptoms might occur due to lesions to the
fornix, hippocampal formation, anterior thalamus, hypothal-
amus, or mamillary bodies [57]. However, such symptoms



Behavioural Neurology

| LS ON 0 (D ¢S ON uoIISRY i 61  ¥I0T [1€] ‘e 32
N I ole) mpvy wpSueoe]
| v'C $9X 0 (mee IN S UOTIRIISIUI] DAI aN [ C (114 ] To 32
: 1950ysPSNH
. ) [o€]
| i3 ON 0 @ e IN ON U0T129sYy 00 POXTIN 85 €10T .15 vewoy
) [62]
4 €5 ON (€) st an IN ON uondasYy 00 PXIN 0z €00T b1 Simppp
i ) (82]
4 61 ON (.£) 70 0 IN ON Asdorg Jowmn, A SR 4 VAR § (AR
X [L2]
n aN $9X (@) st 0 Elel $9X AlLd OHO POXIN €L V10T oy sopey
n 4! ON (e¢o 0 IN ON SNOLIEA SNoLIe A POXTI 0€€  ST0T [S] e 39 s181D
loz]
d an ON 0 (1) st IN ON Asdorq pue Arg  Towmp, NPy L) S
| 70 ON 0 (€) 881 IN ON U01}29sYy 0)0) mpy 91  8I0¢ [sT] exysg
(¥l
kit (4 ON 0 (1) o1 IN ON uondsRY 00 mpy 0L 600 nopueyo g
o 0 (M ¥0 o ¥ Asdor Jown XTI €67 €10C 2] T2
n aN N IN N AL F iq L POXIIN -
i aN ON (M8 0 Sd ON UOJRI}S3U] 0SS SXTN €I S00T le2] e 32
: paxt pyedwererey)
44
| I ON 0 (@ o1 IN ON U0122UU0ISI(] HH POXTI 0T ¥I0T 1o 15 ogsiren
. [e1]
| ST S9X 0 0 ELUN sX AL SVIT mpy 9 T00T b1 1ayosyng
. . [12]
kit aN ON (D sy (@16 IN ON uon2sY 00 mpy T 8I0T b 15 pounig
. . [o1]
b 9¢ 2K 0 (1) e IN ok uondasay 00 PXIN & 90T s ysmig
| vy ON mer (L) 8L Sd TN ON uorasay 20 mpy g8 010T loz] v 32
: mp syreedoog
pil aN ON aN (1) 80 aN ON Asdoq ¥ A1H SnoueA NPy I€ET  £10T [61] Te ¥ Jo1V
. [81] uayon
kit v ON 0 (€) TeT IN ON uondsy 00 mpy €L 8661 Luenopqy
QWI0dINO () %) () %) GOENBEEOU
(s1B24) uonjeoridwos  suonesrdwos  uoryesrduroo S
adoosopua aantudod aanmugod ampaooxd papnpour syuaned
swm dn aanmugod aanmudod aanudod uonjendog Ieax Ioymy
Jo od4], 10J JUSWISSISSL J0J JUIWISSISSe s1doosopuyg sardojoyreq Jo 'oN
-Mo[[og juaueurad judIsuen) Jo odA,
paziprepuels pazipiepuelg

Jo a8ejuadIag

Jo a8ejuadIag

*saanpad01d 51dodsopu20INaU IR[NOIIULA 19)J8 SWO02INO pue suoneddwod aAnud0d SUIqLDSIp SLIas [[e JO SYMsY ] 14V,],



Behavioural Neurology

3 I ON 0 (¥) st IN ON o119y 0)0) PIXIN 91  €10T [S¥] Te 3o rem
. A [¥]
d LST SoX 0 (€) st N Sd SoX UOnOIsY 00 PoXTIA 0C  610T ‘e 32 NeqIOA
. . o fyseidourwrexoy oxt [FF] Te 30
d €T N 0 0 gIN N eyosn/arpuadey OOAd PoXIN €€ v10c 0Z100)-$3110],
. . ‘ [€7]
g aN oN 1 sy (1) v Sd TN ON oISy 20 ey € V00T e 13 reyoryeary,
. . . [o1]
N T oN ©) 01 (9) 0T N ON uono3sY o0 PPN 98 £10T 1y 35 yoruqug
n 6C Sk 0 an N SK uonoasay 20 Py 48T 610T [ST] Te1 mog
kil 9¢ ON 0 (1) €'8 N ON oISy 0 paxIN 71 0002 (7] e
: : ZOTMIIZPOY
. (@0 o o199 . [1%]
| SLT AaN) $oX 0 0 D N 158 OV AN 00) mpv IT 600 2 10 ojuIg
. . ‘ [o7]
n T oN Q) 65 0 Sd TN ON IIOATISAI + A TA SNOLIe A PoXIN 143 600T & 12 g
. . . o L saanpaoid snore oxt [6€]
d €1 N 0 (¢) €e 4Sd N pauIquIo) LIeA PXTIA 0ST  £10T T 19 1190
. [8€]
d I ON (1) 80 0 xSd ON STOLEA OHO Spad vel  600T Te 39 [PM20
: (€]
d 61 ON o0 0 N ON Asdorq + AT lowmng, PIXIA L8 110T e 10 Kueyopy
: . : [9€]
d LT ON (et (1 ¢t IN ON o}y 00 PIXTIN Ll ¥I0T e 10 snaSrepy
. . [s€]
a1 g/ ON 0 &) 711 IN ON UOT}OISNY 00 PIXIIN s¢ £00¢T 8 10 U1
n z 3k 0 0 auoN 3k AL DHO npy 01  600T [¥1] Te 3 Loe
. . B [£1) Te
d 'y ON 0 (mee uoISNjuo)) ON ALT T Asdorg Iowmnp, PaXIN ¥y 910C [qnquayery
. _ [¥€] wonyreN
q 7 oN (M6 0 D ON Asdoig ¥ ALH DL PaXIN [T %00T e modpeae(
: [e€]
q 8 ON (1) 90 0 N ON Al DH snouep  Jnpy €91 910¢C e 12 soees]
. . . [zg] e 30
it 96 oN (@ ¢€8 (@) €8 IN ON uonoasay 00 PaXIN VT VI0T oq-zourq
awoono () %) () %) uoneorduod
(s1B24) uonjeoridwos  suonesrdwos  uoryesrduroo S
adoosopua aAnmugod aantugod ampaooxd papnpout syuaned
swmn dn aanmugod aanmudod aanudod uonjendog Ieax Ioymy
Jo ad4], 10} JUQUISSIsSE JI0J JUSWISSISSE ordoosopuy sardojoyreq Jo "'ON
-MO[[O] jusuewrad justsuen Jo ad4,
paziprepuelg paziprepuelg

Jo a8ejuadIag

Jo a8ejuadIag

‘ponunuoy) T 414V ],



Behavioural Neurology

"SUOISIT XTUIO) 0& .HCMGMEMMQ

SeM [N JUSTSURT) Sem S "(Jueoyrudis T ‘prrwr £) sjusned £ UT PaqLIdSIP UOISI] XTUIO] . “Amfur xturo) pey Adodsopua £q pajean) syusnied ¢ ¢(¢T = u) sjuaned pajean) A[oAneATIssUOD se [jom se syuanjed pajerado
(81 = u) o1dodsopus pue (¥ = ) [edI3INSOIDIUI JO JIOTY0D PIXIJA],; 'UOISI[ XIUIOJ 0] aNP (JANTUS0D ¢) SIDYIP JudIsuer) pamoys sjuaned moy *(Surpas[q Yam [ 9InIonIs Jo ssof ¢ ‘SUOISNIUOD [[BWS ) SUOISI] XIUIOJ
z1,, Juowreduwr 2ANTUS000MaU JNOYIM UOISI] XIUIOf 2u(), “sjudned £ Jo 1o o1 ur A[uo juswssasse aanudo)) “swoyduwids [eorurp Sursned jou 1Aomoy ‘sjusned ¢ Ur UOISI] XIUI0§ [era)eqiun aaneradoenuy
'sjuanjed ¢ ur Amfur xruioj aanersdoenjur, “Sumes auo ur paurquiod saInpadoid 3say) Jo om) Ised] Je M sardoosopua [[e a1om papnpu] Juswade[d jusls pue ‘AWOJOUNEIO] [EAOUIdI IDIYJED ‘UOTIISAI
184> ‘uonensaudy 154> “fiserdojonpanbe Asdorq Awoisoydas ‘A 1q Surpnpur sampadoid pauIquo), ‘UMOWUN = ) DI pue PISU Y)oq = DqIXAY = J PISLI = Pauysp j0u = N woIpuisoyossd = 5q
UoTPUN}  AANNOAXD  pauIPap = g Juowredwr aanmuSod =1) guounmedunn Arowow =y ‘Awoisomomnuaa  pary)  ordossopua = AJq ‘eword (e =071 snpeydecorpAy=DH ‘snpeydecorpAy
2A1ONIISqO = DHO 9840 Ienotnuasenur = DAT 9540 Jepserdns = Hgg ewolrewrey orureeypodAy = Y ‘sisoud)s jonpanbe oryyedorpr josuo aye[ =Sy 9840 profjod =D Oerpad =spad ‘roquinu = ‘ON

[£¥] urgsayy

: o ‘ ) Uor10959 OXT
A Ty N 0 (€) L9t IN N noasy 00 paXIN 81 900 +ue pyoy,
: : [o7]
A e ON My 0 IN ON uonoIsNy 00 PaXIN YT V0T p 0 sepes
2UI02)N0 () %) (@) %) uonesrduros
(s1B24) uonjeoridwos  suonesrdwos  uoryesrduroo S
adoosopuo aAnTUZ00 aanugoo ampaooxd papnput syuonjed
swm dn s aanmugod aanmudod aanudod - * uonemndog : Ieax Ioymy
Jo ad4], J10J JUSTISSISSE J10J JUSTUSSISSE osrdoosopuyg sardorotyed Jo 'oN
-MO[[0] SZIpIEpUE) jusueurrad JuaIsueI} Jo adA], SzpIEpUC)
PIZIPIEPUEIS jo o8ejuadrdg  jo 9dejudoiog PIzIpIEpUIS

‘ponunuoy) T 414V ],



Behavioural Neurology

TaBLE 2: Rates of cognitive complications by type of ventricular endoscopic surgery.

Procedure (n of studies) Transient (%)

Permanent (%) Transient (n/n all) Permanent (n/n all)

ETV (5) 0
CC resection (20) 7.96
ETV + biopsy (6) 0.70
Biopsy alone (1) 0
Cyst fenestration (2) 2.27
Foraminoplasty (2) 0
Hypothalamic hamartoma disconnection (1) 10
Combined procedures (1) 2.30
Various procedures (2) 0

2.21 0/226 5/226
2.65 45/565 16/603
0.23 4/570 1/439
0.42 0/714 3/714
2.27 1/44 1/44
0 0/33 0/33
0 2/20 0/20
0 3/130 0/130
0.43 0/464 2/464

ETV: endoscopic third ventriculostomy; CC: colloid cyst; #n: number.

could also be due to psychological factors such as psycho-
genic causation of cognitive symptoms (e.g., amnesia) or
stress associated with the operation itself, leading to an out-
burst of neuropsychiatric symptoms [57]. Damage to the for-
niceal pathways as the cause for retrograde amnesia was
always a matter of debate. Some studies show that temporal
lobe or diencephalic lesions have a stronger association with
anterograde amnesia than damage to the fornix. On the other
hand, some recent publications showed convincing data that
damage to the forniceal tracts causes memory impairment
[55, 58, 59]. In addition, atrophy of the mamillary bodies,
usually occurring due to fornix lesions, was found to be
strongly associated with memory impairment [55, 59]. A cor-
relation between fornix damage on postoperative MRI after
colloid cyst (CC) resection and memory impairment was
seen as well, underlining the evidence that damage to the
fornix does lead to memory impairment [55, 58]. Whether
unilateral or only bilateral damage to the fornix leads to
memory and/or cognitive impairment remains ambiguous
[20, 51]. McMacking et al. showed that bilateral fornix
damage leads to amnesia, while unilateral damage leads to
selective impairment according to the side of the lesion. Some
reports indicate that unilateral damage to the left fornix is
sufficient to induce persistent loss of verbal memory [55].
Aggleton et al. conclude that when reviewing all CC resection
cases with and without fornix damage published, it becomes
difficult not to conclude that fornix damage is sufficient to
induce persistent and marked loss of memory [55]. Further,
based on the provided literature, it seems that damage to
the mamillary bodies, anterior thalamus, hypothalamus,
and hippocampal formation can lead to memory and cogni-
tive impairment as well [54-56, 59]. Lastly, little is known
about the role of the median eminence, a circumventricular
organ located in the premammillary region and visible only
under fluorescein-guided endoscopy [60]. This structure is
“regularly” destroyed during endoscopic third ventriculost-
omy, and the cognitive ramifications of its destruction
remain unknown.

4.2. Ventricular Pathologies Leading to Neurocognitive
Impairment. Various ventricular pathologies are known to
cause neurocognitive impairment through compression of
intra- or paraventricular structures (e.g., fornices, mamillary

bodies, hypothalamus, and thalamus), increased intracranial
pressure, or impairment of blood flow leading to atrophy of
intra- or paraventricular structures (e.g., fornices, mamillary
bodies, hypothalamus, and thalamus).

Hydrocephalus is known to cause neurocognitive impair-
ment, especially of anterograde memory in combination with
frontal executive function [12, 51, 61, 62]. This is most prob-
ably due to increased intracranial pressure, leading to direct
pressure on important structures such as the fornix, hypo-
thalamus, mamillary bodies, hippocampus, corpus callosum,
and other connecting white matter tracts.

Colloid cysts (CC) are benign cysts typically arising from
the roof of the third ventricle in great proximity to the forni-
ces. Therefore, even small cysts can cause neurocognitive
impairment due to local compression of the fornix. Large
cysts often cause occlusive hydrocephalus leading to cogni-
tive impairment in combination with local fornix compres-
sion [4, 15, 51, 55, 56].

Ventricular tumors causing obstructive hydrocephalus,
local compression of important structures, especially those
involving the 3" ventricular floor or wall, or even causing
blood flow impairment or intraventricular or intraparenchy-
mal hemorrhage typically cause amongst others neurocogni-
tive symptoms [51, 57].

Similarly, intraventricular arachnoid or choroid plexus
cysts typically cause cognitive impairment, due to either
hydrocephalus and increased intracranial pressure or
local compression of important intra- and paraventricular
structures.

Because most ventricular pathologies lead to neurocogni-
tive impairment, the assessment of neurocognitive outcome
and complication rate after neuroendoscopic treatment of
these patients is difficult. It is therefore imperative that
patients with ventricular pathologies undergo neuropsycho-
logical evaluation, through a validated neuropsychological
test battery, by trained neuropsychologists, before and after
neuroendoscopic surgery (Table 3). In addition, it would be
of great value if these neuropsychological test batteries would
be unified within the different research groups so that better
understanding and comparison between the neurocognitive
results would be possible. Studies assessing for the correlation
between intraoperative fornix injuries (and other structures
such as the hypothalamus, mamillary bodies, and vascular
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TaBLE 3: Recommended neuropsychological test battery for neurocognitive evaluation before and after neuroendoscopic procedures.

Test

Function tested

Montreal Cognitive Assessment (MOCA) test

Clock-drawing test
Language screening
Boston Naming Test

Visual and verbal length of memory and working memory
Rey-Osterrieth Complex Figure (ROCF) test

Verbal Learning and Memory (VLMT) test

Verbal and figural fluency

Stroop test

Trail Making Test (TMT A & B)

Modified Wisconsin Card Sorting Test (mWCST)
Test of Attentional Performance (TAP)

Memory recall, visuospatial abilities, executive functions, attention,
concentration, working memory, language, orientation, and time

Cognition
Language ability
Confrontational word retrieval, speech
Memory

Visuospatial abilities, memory, attention, planning, working memory, and

executive functions

Memory

Nonverbal capacity for fluid and divergent thinking, ability to shift

cognitive set, planning strategies, and executive ability
Object naming, executive functions, and concentration

Visual attention and task switching

Flexibility in the face of changing schedules of reinforcement

Attention, alertness, and split attention

structures); postoperative magnetic resonance imaging (MRI)
including MR angiography, diffusion weighted imaging,
and diffusion tensor imaging (DTI) [63]; and neurocogni-
tive outcome would be highly relevant [17, 51, 52].

4.3. Neurocognitive Complications and Outcome after
Ventricular Neuroendoscopy. The first series analyzing the
neurocognitive outcome, through neuropsychological test
batteries, was published in 2003 by Burtscher and colleagues
[12]. Neuropsychological testing was done prospectively one
week before ETV for late onset idiopathic aqueduct stenosis
(LIAS) and on two follow-up examinations (mean after 7.5
and 81.2 weeks). Six adults with LIAS were assessed. All
patients showed preoperative cognitive impairment, some
of them ranging into the lowest centile scores. Impairment
of anterograde memory in combination with frontal execu-
tive cognitive deficits was the most common problem. Three
patients did not notice any cognitive deterioration in their
daily life, even though neuropsychological testing showed
clear deficits. Follow-up examinations showed good recovery
of memory and other impairments in five patients and mod-
erate recovery in one. No neurocognitive complications
occurred in their series. They conclude that ETV is an effec-
tive and safe treatment for patients with LIAS, since it
improves apart from somatic symptoms also neurocognition
[12]. In 2008, Lacy et al. presented data on 10 adult patients
undergoing ETV and neuropsychological testing [14]. They
showed that 40% of the patients displayed memory and/or
executive dysfunction two years after surgery, despite rela-
tively normal ventricular size in all patients. In addition, no
new insults such as stroke or brain contusion were noted
on postoperative imaging. Because, preoperative neuropsy-
chological assessment was not available, it is difficult to con-
clude whether these deficits were new and therefore due to
surgical injuries or a persisting state due to the underlying
pathology and/or the hydrocephalus. Another interesting
finding was that 50% of the cohort endorsed items suggestive

of depression, and 30% endorse anxiety-related symptoms.
They conclude that the reason for the neurocognitive deficits
is most likely multifactorial and that patients undergoing
ETV should be tested for neurocognition and also for depres-
sion and anxiety [14]. Sribnick et al. in 2013 were the first
group assessing neurocognitive complications in 52 patients
(age 16-77 years) after endoscopic CC resection. They did
not conduct neuropsychological testing in a systematic man-
ner; however, retrospective telephone interviews were under-
taken, where the patients were asked about improvement of
symptoms after surgery, new symptoms, and specifically
new memory problems, after surgery, the ability to return
to the same job after surgery, and patients’ satisfaction. They
describe transient and permanent memory impairment in six
(11%) patients each, while four of the patients with perma-
nent memory impairment returned to their old job. Overall,
100% of the patients were satisfied with the operation, while
92% were able to return to work after surgery [16]. In 2014,
Hader and colleagues analyzed cognitive complications and
outcome after ETV in a mixed (adult and pediatric) group
of 19 patients [13]. In their series, 85% of the patients showed
improvement in at least one cognitive domain (intelligence,
attention and concentration, verbal and visual memory, lan-
guage, and executive function) after ETV. Subjectively, 69%
of the patients reported improvement in cognitive function,
while the rest cited no change. To note, two pediatric patients
(17%) showed worsening in executive function, which poten-
tially may be due to disruption of frontal white matter tracts
due to the endoscopic approach. However, since most
patients showed improvement or no change in cognition
after ETV, the authors conclude that cognitive decline after
ETV is uncommon in pediatric and adult patients. Addi-
tionally, they state that patients presenting with chronic
obstructive hydrocephalus and history of progressive cogni-
tive dysfunction alone may profit from ETV [13]. Hugelshofer
et al. assessed 11 right-handed patients with space-occupying
intraventricular cysts on their dominant side, who underwent
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endoscopic fenestration through a contralateral (nondomi-
nant) approach [3]. Preoperative neuropsychological assess-
ment in 10 patients revealed cognitive impairment in eight
patients, while all eight patients showed postoperative cogni-
tive improvement after neuropsychological testing. One
patient suffered transient postoperative memory deficit,
which completely resolved after five days. No permanent
cognitive complications were seen. They conclude that a
nondominant approach for dominant-hemispheric ventricu-
lar cysts is associated with very low approach-related mor-
bidity [3]. Ten out of 22 patients undergoing CC resection
underwent neuropsychological testing in a series published
in 2016 by Birski et al. [10]. In all patients, cognitive function
in particular memory improved or remained unchanged after
surgery. One patient suffered short-term memory impair-
ment after surgery, which resolved within 48 hours. They
conclude that endoscopic CC resection shows favorable cog-
nitive outcome [10]. Recently, Roth et al. published their
results on the cognitive outcome after resection of CC [15].
Of the 23 patients undergoing surgery for CC included, 18
underwent endoscopic surgery. Two patients experienced
forniceal abrasion without any permanent cognitive impair-
ment, while transient cognitive deficits are not described.
Neurocognitive outcome (in 14 out of the 23 operated
patients) was done systematically by a neuropsychologist;
however, they did not distinguish endoscopically and micro-
surgically operated patients when presenting the data. There-
fore, drawing firm conclusions for neurocognitive outcome
after endoscopic resection of CC is difficult. Nevertheless,
most of the patients included were treated endoscopically,
and an immediate postoperative improvement in neurocog-
nition, especially in visual memory, was seen in the majority
of the operated patients. The authors conclude that surgical
removal of CC leads to immediate cognitive improvement,
which stabilizes over months, while further research with
routine and systematic pre- and postoperative neuropsycho-
logical testing, in this group of patients, is encouraged [15].
Lastly, a study published by Vorbau et al. recently presented
long-term follow-up data (15.7 years on average) of 20
patients (pediatric and adult) undergoing CC resection [4].
Five superficial fornix contusions after endoscopic removal
were seen, while in one patient, severe fornix atrophy caused
by chronic hydrocephalus was seen. Three patients presented
with a transient psychotic syndrome, while none of the cog-
nitive complications were permanent. Neuropsychological
testing in 14 patients showed that 10 patients achieved aver-
age test results, while four patients scored borderline to
abnormal test results. Since preoperative neuropsychological
testing was not conducted in their study and due to the rather
small patient group, they could not determine whether the
poor cognitive results were due to the underlying pathology
(CC, hydrocephalus) or the surgical procedure.

Benabarre et al., in 2001, published for the first time a
report of a neurocognitive complication resulting from a ven-
tricular endoscopic procedure [9]. The patient underwent an
ETYV for the treatment of slit ventricle syndrome, developing
a severe organic personality disorder, characterized by
impulsiveness, physical heteroaggressiveness, binge eating,
hypersomnia, and impairment of memory and frontal execu-

tive functions. The patient showed symptoms referring to
frontal lobe lesions and damage to the fornix and its connec-
tion to the hippocampus and mamillary bodies, which was
confirmed by postoperative MRIL. Thereafter, an additional
report of a woman undergoing ETV for an AS showing
severe psychotic depression, occurring gradually within
three weeks after surgery, was published in 2002 by van
Aalst and colleagues [8]. Finally, in 2004, a report by
Bonanni et al., describing a case of permanent episodic
memory impairment, associated with bulimia, after ETV,
was published [11]. These case reports were of great impact,
since they made neurosurgeons aware of such complications
following ETV, which was and still is considered a minimal
invasive and benign procedure. Very few reviews dealing
with ventricular endoscopic complications discuss neuro-
cognitive complications. Yadav et al. published two reviews
on complication avoidance in endoscopic neurosurgery
and specifically in ETV [48, 49]. According to Yadav et al,,
fornix injury is one of the most common complications of
ETV and ventricular endoscopy [48]. Bouras and Sgouros
published in 2011 a review on complications after ETV.
Out of approximately 2800 patients in 17 studies on ETV
reviewed, intraoperative neuronal injuries were reported in
0.24%. Forniceal lesions were reported in 0.04%, while out
of 2.38% permanent morbidity calculated, permanent mem-
ory disorder was seen in 0.17%. The authors discuss that the
reported rate of intraoperative neuronal injuries is probably
underestimated [1]. Our results confirm this assumption,
while based on our systematic review, most probably, post-
operative neurocognitive complications are underestimated
as well. Neurocognitive complications are seldom described
in the framework of endoscopic outcome studies, let alone
analyzed routinely and systematically by a neuropsycholo-
gist with a validated neuropsychological test battery before
and after ventricular endoscopic procedures. Table 3
describes the neuropsychological test batteries, which are
preformed at our institution for patients undergoing neu-
roendoscopy. Clearly, acknowledging the difference between
disease-related and surgery-related complications remains a
challenge. However, through comparison of the pre- and
postoperative neuropsychological testing results, differenti-
ating between disease- and surgery-related neurocognitive
deficits is possible. Postoperative unchanged or even
improved neurocognitive functions suggest that the deficits
are disease-related, while new or progressing postoperative
neurocognitive deficits are most probably surgery-related.
Further studies, with larger patient groups, assessing neuro-
cognition in an objective and also subjective (from the
patients’ point of view) manner, and with long follow-up time,
are needed for us to better understand the true neurocognitive
complication rate after ventricular neuroendoscopy.

4.4. How to Avoid Injuries of Neuronal Structures during
Ventricular Neuroendoscopy. Preservation of the fornix,
mamillary bodies, and all other associated “limbic” structures
within or adjacent to the third ventricle during neuroendo-
scopic procedures is critical. Although some authors report
lesions to these structures in up to 16.4% of neuroendoscopic
procedures, they often remain clinically silent [39]. Based on
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a published meta-analysis comparing open vs. endoscopic
CC resection, permanent neurocognitive morbidity after
endoscopic resection occurred in 4.9% of the cases (com-
pared to 26% of the cases in open microscopic surgery).
The data of our current systematic review shows a rate of
2% transient and 1% permanent cognitive impairment after
various ventricular neuroendoscopic surgeries. The reason
that most intraoperative damages to neuronal structures
remain clinically silent might be due to various reasons. First,
minor contusion of these structures might be well tolerated
by the patients remaining clinically silent. Second, some of
these lesions might be only due to tension to these structures
without disruption or destruction of the fibers or neurons,
and therefore, clinical symptoms do not occur. Last, since
in most studies systematic pre- and postoperative neuropsy-
chological testing was not conducted, new subtle neurocogni-
tive changes after surgery might have been missed.

The following points minimize the risk of fornix injury
and injury to other neuronal structures during endoscopic
procedures: The type of endoscope, rigid endoscope vs. flex-
ible endoscope, used needs to be valued carefully. The prob-
ably most common complication during neuroendoscopic
procedures with a rigid endoscope is fornix contusion. This
can be avoided with the use of a flexible endoscope, which
allows a safe navigation from the lateral to the fourth ventri-
cle. For CC extending back to the roof of the third ventricle, a
flexible endoscope might be preferred [24]. On the other
hand, navigation within the ventricle using a flexible endo-
scope requires some experience, while the light intensity
and optics are inferior and the working channels are more
restricted when compared to a rigid endoscope [24]. A sep-
tum pellucidotomy must always be done with great caution,
since if performed too cranially, the ipsilateral fornix might
be damaged. In addition, due to impaired vision of the con-
tralateral fornix, a septum pellucidotomy performed too
anteriorly might damage the ipsilateral fornix. Rinsing of
the ventricles in hydrocephalic patients and in neonates
should be kept to a minimum, in order to avoid additional
mechanical pressure to the surrounding brain and the ven-
tricular structures (e.g., fornix and hypothalamus). The ideal
trajectory is debated within the literature and should be
adopted to the type of endoscopic procedure. Martinez-
Moreno et al. have shown that the usage of neuronavigation
leads to less displacement of important neuronal structures
(fornix, hypo-/thalamus) when compared to manually
planned trajectories [64]. Others suggested a supraorbital
approach to the third ventricle for endoscopic resection of
CC to avoid dissection of important neuronal structures and
to provide better vision of the roof of the third ventricle. How-
ever, they recommend tailoring the approach according to the
location of the CC (foraminal, foraminal/retroforaminal,
and retroforaminal) [21].

4.5. Future Focus of Research for Neurocognition after
Ventricular Neuroendoscopy. Focus of future research in
terms of ventricular neuroendoscopy should include intraop-
erative damage to important structures (e.g., fornix), as well
as neurocognitive complications and outcome. Studies ana-
lyzing neurocognition, by a trained neuropsychologist,
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before and after ventricular neuroendoscopy are essential,
and such testing should be done routinely for all patients
undergoing ventricular neuroendoscopic surgery. In addi-
tion, the patients’ subjective opinion on their neurocognition,
their quality of life, and their satisfaction of the completed
surgery should be analyzed routinely, in the framework of
studies, as well. The association of postoperative MRI, and
specifically DTI, changes with neurocognition impairment
is an additional aspect which is worthwhile investigating
[63]. The debate, whether early treatment of obstructive
hydrocephalus, or of other lesions within the 3™ ventricle,
is beneficial when compared to late treatment, should be fur-
ther explored. The rate of cognitive complications after neu-
roendoscopic treatment of ventricular lesions compared to
open microsurgical treatment remains ambiguous and needs
further exploration. Studies with larger cohorts with neuro-
cognitive assessment looking at neurocognitive complica-
tions, outcome, and quality of life before and after surgery
are warranted for these purposes. In addition, the difference
between neurocognitive deficits due to the pathology itself
(e.g., hydrocephalus and CC) or due to intraoperative injury
of important neuronal structures leading to neurocognitive
impairment should be evaluated as well. Development of
novel technologies such as pressure sensors, wide angle cam-
eras, allowing better overview of adjacent structures, and
smart robot-assisted endoscopy could be means to reduce
critical structure damages. Lastly, a neuropsychologist should
aim for a standardized neurocognitive test battery for
patients undergoing ventricular neuroendoscopy, allowing
an objective comparison of the different study results.

5. Conclusion

To date, the literature assessing and reporting on neurocog-
nitive complications after ventricular neuroendoscopy is
sparse. Most studies analyzing complications after ventricular
neuroendoscopy do not report on neurocognitive complica-
tions. Of those series reporting on neurocognitive complica-
tions and/or outcome, the majority do not assess patients’
neurocognition in a systematic matter. While neurocognitive
decline after ventricular neuroendoscopy is a risk, depend-
ing on the pathology, one can expect an improvement in
cognitive function after treatment. Based on this review,
transient cognitive impairment occurs in 2% of the patients,
while permanent cognitive deficits occur in 1% of the
patients. However, these rates might be underestimated.
Neurosurgeons should initiate systematic neurocognitive
assessment before and after surgery, through trained neuro-
psychologists, in all patients undergoing ventricular neu-
roendoscopy. Patients need to be consented about the
potential neurocognitive complications, especially postoper-
ative amnesia or psychiatric symptoms (psychosyndrome),
before surgery.
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