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Thai J Neurol Surg 2023;1(3):73-81. Research Article

Association Between Size Of Residual Non-Functioning
Pituitary Adenoma and Regrowth after Surgery

Todsapon Praphanuwat', Songkiet Suwansirikul®, Tanat Vaniyapong'
'Department of Surgery, Neurosurgery unit, Faculty of Medicine, Chiang Mai University, Chiang Mai, Thailand
2Department of Pathology, Faculty of Medicine, Chiang Mai University, Chiang Mai, Thailand

Abstract

Objective: A residual non-functioning pituitary adenoma (NFPA) after surgical removal is a well-known
predictive risk factor for the regrowth of tumors, but there is no guide for the size of the residual tumor to
predict. This study utilized the size of the residual tumor to predict the regrowth of non-functioning pituitary
adenoma after surgical removal and investigated other predictors for tumor regrowth.

Methods: The retrospective study included 123 newly diagnosed NFPA cases that had been operated
on at Maharaj Nakorn Chiang Mai Hospital from January 2009 to December 2020. The size of the residual
tumor was monitored through CT scans or 1.5 Tesla MRI interpreted by a neurosurgeon and neuroradiolo-
gists. Multivariate analysis was employed to identify predictors of tumor regrowth, and the Kaplan-Meir
method was used to determine regrowth-free survival.

Results: This study comprised 123 patients newly diagnosed with NFPA after surgical removal.
Comparisons were made between a regrowth/recurrence tumor group (22 patients) and a no-progression
group (1 01 patients). Univariate analysis indicated that residual tumor size, especially tumors larger than
1 cm (HR 4.00, 95%CI 1.16-13.83, p = 0.03), was the most significant factor. In multivariate analysis,
adjusted for radiotherapy, hormonal deficit, age, and gender, it was revealed that regrowth or recurrence of
the tumor depends on the size, especially more than 1 cm (HR 6.52, 95%CIl 1.37-31.07, p = 0.02).

Conclusion: Residual non-functioning pituitary adenoma after surgical removal could predict progres-
sion in the future, particularly for sizes larger than 1 cm. Neurosurgeons must pay attention to patients in
this group.

Keywords: pituitary adenoma, non-functioning pituitary adenoma, residual non-functioning pituitary

adenoma

Corresponding author: Todsapon Praphanuwat , email . Todsapon_t@hotmail.com
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Introduction total resection to alleviate symptoms. However, there

Non-functioning pituitary adenoma (NFPA) is the is a high rate of recurrence associated with incom-
most common subtype of pituitary adenoma, typically plete resection.
causing compressive symptoms such as visual field Gross total resection faces limitations, includ-
deficits and headaches. Transsphenoidal surgery is ing tumor consistency and adherence to structures

the treatment of choice, intending to achieve gross like the internal carotid artery and cavernous sinus,
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leading to the development of postoperative residual
tumors. Approximately 12-58% of patients with
residual tumors experience regrowth'. The manage -
ment of regrowth includes options such as re-surgery,
radiotherapy, or closed follow-up®, posing challenges
for neurosurgeons. Revision surgery is complicated
due to anatomy distortion by scar tissue, and there
are limitations for reconstruction to prevent cere-
brospinal fluid leakage. Radiotherapy serves as an
adjuvant treatment for residual tumors, significantly
reducing the risk of tumor regrowth, with 80-97%
long-term tumor control®.

Studies predicting the recurrence or regrowth
of tumors are limited, primarily due to the benign
and slow-growing nature of these tumors, requiring
extended follow-up periods. Several studies indicate
that residual tumor is a predictor of non-functioning
pituitary adenoma behavior post-surgery. For in-
stance, Maletkovic et al demonstrated a higher risk of
tumor growth in patients with postoperative residual
tumors. Other predictors include invasion of the cav-
ernous sinus, absence of immediate postoperative

+1° "and immunohistochemical features

radiotherapy
involving gonadotrophins and other hormones®, or
pathologic features such as Ki-67 labeling index

and extensive p53 immunoreactivity®*>'*"'°, F

ew
studies relate residual tumor size after surgery to
tumor regrowth, with a lack of consensus on the size
predicting tumor growth.

The main objective of this study was to deter-
mine the residual tumor size after surgery that can
predict tumor regrowth. Additionally, the study aimed
to identify other predictors that can predict regrowth
or recurrence of tumors. The study was conducted
at Maharaj Nakorn Chiang Mai Hospital from January

2009 to December 2020.

Material and Methods

Study design

We conducted a retrospective review of all
newly diagnosed cases of non-functioning pituitary
adenoma (NFPA) that underwent surgery between
January 2009 and December 2020 at Maharaj
Nakorn Chiang Mai Hospital. The inclusion criteria
were newly diagnosed NFPA cases. We excluded
patients who lacked post-operative imaging within 6
months, did not have comparative imaging at least 1
time after surgery within 5 years, or had undergone
previous surgery. All NFPA patients underwent surgical
removal by neurosurgeons at Maharaj Nakorn Chiang
Mai Hospital, employing either a transsphenoidal or
transcranial approach.

The collected data included patient demographic
information, follow-up time (in months), main symp-
toms (such as visual problems, headaches, incidental
findings, or hormonal issues), tumor profile (such as
the presence of cysts/hemorrhage), Knosp classifi-
cation, preoperative tumor diameter, extension, re-
sidual tumor after surgical removal, hormonal deficits,
Ki-67 labeling index in the surgical specimens using
the MIB-1 monoclonal antibody, and postoperative

radiotherapy.

Residual tumor

We defined a residual tumor term if a tumor is
present in post-operative imaging. In this study, we
used computed tomography (CT) scan with contrast
or 1.5 Tesla magnetic resonance imaging (MRI) with
gadolinium contrast interpreted by a neurosurgeon
and neurological radiologists within 6 months after
surgical removal. In some images, it was difficult to
interpret residual tumor or no residual tumor, we then

defined this group as an equivocal (ambiguous) group
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and assigned it to the no residual tumor group

In the previous research’, there has been no
published study regarding the size of residual tumors
after surgery that significantly influences the regrowth
of the tumor. Therefore, this study serves as a pilot
study to explore the statistical significance of this

correlation.

Definition of tumor diameter

In this study, all imaging utilized CT scans with
contrast or 1.5 Tesla MRI scans with gadolinium
contrast (using T1 weighted image with gadolinium
contrast) at Maharaj Nakorn Chiang Mai Hospital,
interpreted by both a neurosurgeon and neuroradi-
ologists. Tumor diameter was defined by measuring
the maximal diameter of the tumor (in any plane) in

centimeters.

Regrowth and recurrence of tumors

We defined the “regrowth tumor” group when
there was evidence of tumor progression in the im-
aging compared to the first post-operative residual
tumor imaging. Image comparison was conducted
within 5 years after surgical removal. The “recurrence
tumor” group was characterized by the absence of
residual tumor in the first post-operative imaging, fol-
lowed by the detection of a tumor in the subsequent

comparison imaging.

Ki-67 labeling index analysis

All pathological diagnoses confirmed non-
functioning pituitary adenoma, and MIB-1 antibody
was utilized to identify Ki-67. The labeling index
was subsequently calculated as the percentage of

immunopositive nuclei by a neuropathologist.

Postoperative radiotherapy

The decision regarding whether a specific patient
should undergo postoperative radiotherapy was left

to the discretion of the neurosurgeon.

Statistical analysis

For categorical data, we utilized chi-squared and
Fisher exact tests for comparisons. Mann-Whitney
U test and student’s t-test were employed for con-
tinuous data. Multivariate analysis was conducted to
identify predictors of regrowth or recurrent tumors.
Kaplan-Meier method was employed to determine
residual tumor with regrowth or recurrent-free sur-
vival. A probability value of p < 0.05 was considered

statistically significant.

Results

Patients Characteristics

This study includes a total of 123 patients
meeting the inclusion criteria for this study, all of
whom were newly diagnosed with non-functioning
pituitary adenoma undergoing surgical removal (Table
1).

Demographic data were compared between
the regrowth/recurrence tumor group (22 patients)
and the no progression group (101 patients). Data
(Table 1) demonstrates age, gender, main symp-
toms, tumor profile (presence of cyst/hemorrhage,
Knosp classification, pre-operative maximal diameter,
extension tumor, hormonal deficit at least 1 axis,
Ki-67 Li > 1, and postoperative radiotherapy) did
not differ between the two groups. Time follow-up
(months) was higher in the regrowth and recurrence

tumor group than in the no progression group, 41.9
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Table 1 Demographic Data for the no Progression Group (N=101) and the regrowth/recurrence Tumor Group (N=22) based on

evidence of tumor progression in comparison to the initial post-operative imaging.

No (N=101) Yes (N=22) p-value
Age 53.4 (42.0-60.4) 49.9 (42.7-58.3) 0.45
Gender
Male 47 (46.5%) 9 (40.9%) 0.81
Female 54 ( 53.5%) 13 (59.1%)
Time follow-up (months) 41.9 (27.4-67.8) 70.1 (58.5-100.4) < 0.001
Main Symptom
Visual problem 69 (69%) 15 (68.2%) 0.69
Headache 16 (16%) 5 (22.7%)
Incidental 11 (11%) 1 (4.5%)
Hormonal 4 (4%) 1 (4.5%)
Presence of Cyst
Yes 71 (70.3%) 14 (63.6%) 0.61
No 30 (29.7%) 8 (36.4%)
Presence of Hemorrhage
Yes 77 (76.2%) 19 (86.4%) 0.40
No 24 (23.8%) 3(13.6%)
Knosp Classification
Grade O 45 (44.6%) 5 (22.7%) 0.10
Grade | 18 (17.8%) 4 (18.2%)
Grade I 15 (14.9%) 2(9.1%)
Grade I 10 (9.9%) 4 (18.2%)
Grade IV 13 (12.9%) 7 (31.8%)
Preoperative Maximal Diameter (cm) 2.8 (2.3-3.5) 3.2 (2.5-3.6) 0.22
Extension
Suprasellar 64 (63.4%) 12 (54.5%) 0.72
Parasellar 32 (31.7%) 9 (40.9%)
Residual Tumor
No 45 (44.6%) 3(13.6%) 0.008
Yes 56 (55.4% 19 (86.4%)
Hormonal deficit at least 1 axis
No 41 (42%) 7 (39%) 0.82
Yes 57 (58%) 11 (61%)
Ki-67 Li > 1
No 31 (78%) 7 (88%) 1.00
Yes 9 (23%) 11(13%)
Radiotherapy
No 91 (90.1%) 21 (95.5%) 0.69
Yes 10 (9.9%) 1 (4.5%)
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(27.4-67.8) vs 70.1 (58.5-100.4) (p< 0.001).

The first post-operative imaging showed residual
tumor in 75 patients (61% ) and no residual tumor
in 48 patients (39% ). Residual tumor after surgical
removal was higher in the regrowth and recurrence
tumor group (p = 0.08).

Ki-67 Li has several missing values; we only
have 58 pathological specimens from 123 patients
in this study due to storage problems in our hospital,

with only 18 specimens suspected of old storage

issues.

Outcome predictor of regrowth, recurrence of
tumor

In the univariate analysis (Table 2), residual
tumor size emerged as the most critical outcome
predictor, particularly for residual tumor sizes ex-
ceeding 1 cm (HR 4.00, 95% CI 1.16-13.83, p =
0.03), and sizes less than 1 cm, respectively (HR

3.03, 95% Cl 0.68-13.57, p = 0.15).

Table 2 Univariate analysis , involves defining multiple factors that can predict tumor progression.

Outcome predictor HR 95% CI p-value
Age 1.00 0.96-1.04 0.94
Gender 1.20 0.51-2.81 0.68
Preoperative tumor diameter > 4 cm 1.74 0.59-5.16 0.32
Extension

Suprasellar 1.21 0.16-9.46 0.85
Parasellar 1.70 0.21-13.58 0.62
Knosp Classification

Grade | 1.93 0.52-7.21 0.33
Grade I 1.06 0.20-5.45 0.95
Grade Il 2.73 0.73-10.19 0.13
Grade IV 4.60 1.45-14.57 0.01
Hormone deficit at least 1 axis 1.05 0.41-2.72 0.91
Residual tumor size

Residual < 1 cm 3.03 0.68-13.57 0.15
Residual 1 ¢cm or more 4.00 1.16-13.83 0.03
Radiotherapy 0.38 0.05-2.80 0.34

Knosp Classification was identified as a predic-
tive factor for tumor progression based on grading,
with grade IV carrying the highest risk of tumor pro-
gression (HR 4.60,95% Cl 1.45-14.57, P=0.01 )
Other factors did not achieve statistical significance in
univariate analysis, such as age (HR 1.00, 95% ClI
0.96-1.04, P = 0.94), gender (HR 1.20, 95% ClI
0.51-2.81, P = 0.68), preoperative tumor diameter

> 4 cm (giant NFPA) (HR 1.74, 95% Cl 0.59-5.186,
p = 0.32), suprasellar extension (HR 1.21, 95%
Cl 0.16-9.46, p = 0.85), parasellar extension (HR
1.70, 95% Cl 0.21-13.58, p = 0.62), hormonal
deficit at least 1 axis (HR 1.05, 95% Cl 0.41-2.72,
P=0.91).

We observed that postoperative radiotherapy

appeared as a protective factor, although this result
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did not reach statistical significance (HR 0.38, 95%
Cl 0.05-2.80, p = 0.34).

In the multivariate analysis (Table 3), after
adjusting for radiotherapy, hormonal deficit, age,
and gender, the outcome predictor for regrowth or
recurrence of the tumor was found to depend on its
size, especially for residual tumor sizes exceeding
1 centimeter (HR 6.52, 95% Cl 1.37-31.07, p =
0.02).

Table 3 Multivariate analysis of residual non-functioning pitu-

itary adenoma

Outcome predictor HR 95% Cl p-value

5.29 0.94-29.90 0.06
1.37-31.07 0.02

Residual < 1 cm

Residual 1 ¢cm or more 6.52

Discussion
Residual non-functioning pituitary adenoma
after surgical removal is a well-known predictor of
regrowth or recurrent tumors, yet there is a lack of
Class | evidence to guide the management of patients
with residual pituitary adenoma.’

Previous studies® >

have consistently identified
residual tumors as the most crucial predictive factor
for relapse after surgery, resulting in tumor growth-
free survival rates inferior to those of the tumor-free
group. Other predictive factors for the regrowth/recur-
rence of non-functioning pituitary adenoma (NFPA)
include a high Ki-67 index®®, pre-operative maximal
diameter, and cavernous sinus invasion. Postopera-
tive radiotherapy has proven to be the most effective
protective adjuvant therapy against tumor growth.3
Ki-67 Labeling Index (Li) serves as a clinically use-
ful prognostic parameter, indicating the probability
14-15

of progression in postoperative residual tumors.

However, its definitive value in daily practice remains

controversial, with conflicting literature on its signifi-
cance in correlating with recurrent or regrowth tumors.

This study emphasizes the significance of re-
sidual tumors, particularly when their size exceeds 1
centimeter. The natural history of NFPA, characterized
by its benign and slow-growing nature, necessitates
prolonged follow-up for a comprehensive under-
standing.1 Kaplan Meier survival estimates (Graph
1 ) indicate a decreasing regrowth-free rate over time
for tumors with residual components compared to the
recurrence-free rate in the no residual tumor group.
The findings underscore the importance of guiding
management strategies, especially for tumors larger
than 1 cm, where the risk of regrowth/recurrence
increases.

The challenging management of postoperative
pituitary adenoma patients lacks clear guidelines and
a defined size cut-off for residual tumor manage-
ment.® This study suggests an accessible approach
for physicians to follow up on patients using the size
of residual tumor diameter. Large residual tumors may
warrant close monitoring or aggressive treatments
such as re-surgery or radiotherapy.

Other predictive factors align with previous
studies, including high-grade Knosp classification,
parasellar extension, and preoperative tumor diam-
eter exceeding 4 centimeters. Notably, radiotherapy
emerges as a crucial protective factor, especially
for patients with residual tumors posing challenges
for re-surgery (Graph 2). Neurosurgeon decisions
should consider the individualized risk-benefit profile

of each patient.

Limitations

This study lacked a definite protocol for postop-
erative patient follow-up, resulting in individualized
management by multiple physicians and an absence

of a standardized timeline for follow-up. This limita-
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tion, stemming from delayed postoperative imaging,
could be addressed through prospective studies.

Postoperative imaging, including 1.5 Tesla MRI
with gadolinium contrast and CT brain with contrast
encompassing the pituitary gland, posed challenges
in defining and monitoring residual tumors. Particularly
during the initial postoperative imaging, distinguishing
unequivocally between residual tumor and no residual
tumor was challenging. Another research challenge
involves measuring tumor size, with potential com-
promises in accuracy by neurosurgeons. To enhance
precision in future research, incorporating standard
software for tumor volume calculations is recom-
mended.

Significant differences in patient follow-up
between the groups are noted. The group without
regrowth tumors has an average follow-up duration
of 41.9 months, while the group with regrowth tumors
has a considerably higher average follow-up duration
of 70.1 months (p-value < 0.001). These results
highlight a potential risk of misinterpretation in the
comparative analysis due to the inherent limitations
of retrospective studies, where variables cannot be
controlled. Patients without regrowth tumors might
have sought further care at local hospitals, leading

to a significantly shorter follow-up duration in this

group.

Conclusion

Residual non-functioning pituitary adenoma
post-surgery that could predict progression in the
future, consists of residual tumor size greater than
1 centimeter. Neurosurgeons must pay particular

attention to patients in this group.
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Abstract

Surgical outcomes related to invasive EEG monitoring with subdural grids or depth electrodes
in epilepsy patients

Prompong Chandensang, M.D.*, Krishnapundha Bunyaratavej, M.D.*
*Neurosurge/y Surgery Unit, Department of Surgery, Faculty of Medicine, Chulalongkorn University
Bangkok, Thailand.

Objectives: In drug-resistant epilepsy patients, who have uncertain epileptogenic foci from non-
invasive investigation, resective surgery based on an invasive EEG-monitors performed with subdural grids
(SDG) or depth electrodes/stereo-electroencephalography (DE/SEEG) is considered to be the best option
towards achieving seizure-free state. Due to lack of such a study focusing on surgical outcomes in Thailand,
the authors present those outcomes for comparison to other studies.

Methods: The authors collected data of patients who underwent invasive EEG monitoring from the
database of King Chulalongkorn Memorial Hospital (KCMH) between May 2012 to May 2022. We collected
basic characteristics, past history, present iliness, treatment history, intraoperative findings, complication
and seizure outcomes. Then, we compare our results to the other studies.

Results: Thirty patients were included. Eight patients (26.7%) underwent only SDG, 9 patients
(30.0%) underwent only DE/SEEG, and 13 patients (43.3%) underwent both SDG and DE/SEEG. Engel
| outcome was found in 23 patients (76.7%) and complications were found in 4 patients (13.3%).

epilepsy, outcome

Conclusion: Invasive EEG monitoring surgery in KCMH had good outcomes in seizure control and low
complication rate. Furthermore, this result was similar to other studies.

Keywords: invasive EEG, subdural grid, depth electrode, stereo-electroencephalography, seizure,
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Fniild uazo1n1320901ITUNINTOURLARNAINNGE
gnsunaansnanlazesnisdnedt fe 1.
0 n138n209g e aznuAdNST 6 ifoundtinAnuas
ﬁmsmuaﬁmmm%a’nqm Ineazsneawid Engel
classification 2. s1wanenfwdniild lngazuseu
REUTEAIN0UEER, 6 LAOWASINGR WazfinIs
mmﬁmmuﬂ%mw 3. AMITUNINTOUNAAINATS
A5 lAEAZHULRNIE major complication ABA1IE
unsndanivinlmAnAaufin1sn1s (permanent

o 1

deficit) w3avinlRRRIvNN1SHARSNYT (resurgery)

o &

n13AsIzRdays daganill Taun e, fiurvs
gaegariianisdn, 35lunisinsnldgunaniluaues
iansramanlninanes, saUsdlunisinsn, Thade
TsA, s18azi8eannisanaadwInaoni IEEG, Engel
classification WaZKALNINTDWARINIIHIAR LHAIHE
\Hwdnwannseiasiius sanfedoyadus leur ang,
maﬁﬁuﬁmnﬁﬁ’nﬂ%ﬂﬁn wazdSumenwdn A1
nansazuamenaldn Mean + SD dwmiusayadidu
normal distribution LAzILLEAINALTW Median (IQR
orQ1-Q3) ﬁﬁﬁ%ﬂﬁ’ﬁﬁjﬂﬁiﬁﬂ% normal distribution
wazgaNeindayaNaanEZBINIIHIAALUNISAIUAN

211158 Un Engel classification LazA1ITUNINZat

MARIINATISHIAR N NUTHULNGUNUITWIALD )
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wan1s398 (Results)

91N91wINgUIE 30 S1871LE9INTITWINE

o
s ad v

p3ath e 18 318 §rds 12 918 onglaie 25.3 +
13.7 ¥ lesunseidmldusdutalniinluanes (SDG)
\egaenafien 8 518 (26.7%) Wsmld tninTu
AN8992AUAN (DE or SEEG) LiNedad19iAea 9 518
(30.0%) wazdIAANosae3s 13 318 (43.3%) &
528IAATINARARINATINEUARE (Mean follow up
time) 55.9 + 29.7 \Haw fgUiefins9fAaINNT
Snwduign 6 WHow wazwiniign 10
Fousdlunisindnldgunsalluanosiionsie
paulnihanes (EEG) Awusefign Aennsidaya
annsasavndulnianeslidnaunioladuiug

o o Y

NuAUdayaa (ambiguous/discordant EEG) g8

a

'
d

fiAadsrsUSnmenfudnildionddai 4.0
E12 (m'i'mﬁ 1)
dayaaInnIsfANUIMAIINEAR LdgUnIol
Tnanosfionsiandulniinauands fiflae 20 518
(96.7%) TALHSUNIHAR resective sergery waz 1
518 (3.3%) i8R disconnection surgery IMEISL%HQ:N

INAR resective surgery Thib ﬂﬁﬂ?ﬂﬁﬂ%ﬂ% 24 3¢

(82.8%) Maw1sndIAAL@Iganinn1sTnaanls

ANARNTIABINTS (mmaﬁ 2)
Azunsndanitinnainisiigainulades
1% 8INUIRIIBOWUIIASITN (hemiparesis), A%
semILAURT (visual field defect), nnazfimdalmie
vinanos uin Aflaedwam 2 Tedfanafing
an25WaslasUNSENER S18usnToNN I A
dreniiniae (mild left facial paresis) Waz3187idq
HaTWE18ATLAUAILUY Left homonymous inferior
quandrantanopia uanmnummammu 3 518 1

Haernfngn (resurgery)

@

A151991 1 dayanugiwiazdayalsnandnanogiae
N (%)
Total patient 30
Sex
Male 18 (60.0)
Female 12 (40.0)
Age at surgery (yr), MeanSD 25.3 (¢13.7)
Location of EZ
Hemisphere
Right 11 (36.7)
Left 19 (63.3)
Lobe
Frontal 16 (53.3)
Temporal 15 (50.0)
Parietal 3 (10.0)
Occipital 0 (0)
Insula 2 (6.7)
Not seen 1(3.3)
Unilobar 24 (80.0)
Bilobar 3(10.0)
Trilobar 2 (6.7)
Eloguent
Yes 6 (20.0)
No 23 (76.7)
Invasive EEG
Method
SDG (alone) 8 (26.7)
DE/SEEG (alone) 9 (30.0)
Combined 13 (43.3)
Side
Right (only) 10 (33.3)
Left (only) 16 (53.3)
Both 4 (13.3)
Indication
Ambiguous/Discordant 15 (50.0)
Dual pathology 3 (10.0)
Non lesional 4(18.3)
Epileptogenic beyond focal lesion 7 (23.3)
Duration of seizure (yr), Mean£SD 14.1 (£10.0)
Number of AED, Med (Q1-Q3) 4.0 (3.0-5.0)
2 4 (13.3)
3 7 (23.3)
4 10 (33.3)
5 6 (20.0)
6 3(10.0)
Pathological diagnosis
HS 6 (20.0)
MCD 13 (43.3)
Tumor 7 (23.3)
Gliosis 3(10.0)
Other 1(3.3)
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N (%)
Number of electrodes (only DE/SEEG), Mean (min-max), N=22 5.8 (2-15)
N =30
Time to resection (days), Med (IQR) 13 (13)
Surgery (after invasive EEG)
Resection 29 (96.7)
Complete 24 (82.8)
Incomplete 5(17.2)
Disconnection 1 (3.3)
Complication
Resurgery 3(10.0)
Hemiparesis and/or facial paresis 6 (20.0)
Visual field defect 6 (20.0)
Infection
Surgical site infection 2(6.7)
Brain abscess 1 (3.3)
Meningitis 3(10.0)
Other 2(6.7)
Permanent deficit 2(6.7)
Major complication 4 (13.3)

EEG = electroencephalogram

DE = depth electrodes

SEEG = stereoelectroencephalography

EZ = epileptogenic zone, EEG = electroencephalogram,
SDG = subdural grids, DE = depth electrodes,

SEEG = stereoelectroencephalography,

AED = antiepileptic drugs, HS = hippocampal sclerosis,
MCD = malformations of cortical development
#ONLWREIINHIARALFaUN TRl AN ILND RS2

)

Aawlnfnsnanazinfmiasnulsnandn (definite
surgery) %’iaﬁ;j’ﬂw 1 518RANIANNANITONITHAS
iguazlasunssagn v lafdeswan 4 s1e
(13.3%) il major complication (Gl'l’i'lﬂ‘ﬁ 3) fie
3 elasunisindndn & 2 sefifinansiuns
sosgunsnifildagudunsidlis vinlilianansn
pvramaulniluanaslamadisonis diusn 1 518
fidynnsedluanafinsianundsnndignluuda

6 dUmHNlRERIHs AT I NaL HrwasuaznzInan

FAswzdiniifadonan (a15197 4) fUevionans
NM3E59HARNNNEEARAET 55.0 + 20.7 Liaw
(M1397 5) §MSURAANSIINNSEIFAIWS 89S
muaaqmmiii’nﬁ 6 \ioundsinan wuddiglaed

o

5@8@1% Engel classification type | 37%3%h 23 318

o

(76.7%) UazNNITATIVEARINATIAIGATIHIN 21
318 (70.0%) (3UNWH 2) nanainiaswunuInn
gnindnildlugiefinisnsafinananisagaanas

NNDWUIARALARED 3.0 2%e (FUAINT 3)
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A19199 3 20YAN1ITUNINTDULATHARNTAAINIIINBITUUNATNF U8RI 8

Outcome

No. Complication
1 Rt hemiparesis grade 4
2 Rt homonymous superior quandrantanopia
3 Rt hemiparesis grade 4 + Rt facial paresis
4 Lt upper extremity weakness grade 4
Lt facial paresis
5 Rt hemiparesis grade 4
6 Pneumonia (at POD5)
7 UTI with sepsis (at POD3)
8 Rt hemiparesis grade 4
9 Surgical site infection
10 Rt homonymous superior quandrantanopia
11 Lt facial paresis
12 Rt homonymous superior quandrantanopia
Bacterial meningitis
13 Lt homonymous superior quandrantanopia
14 SSI + Brain abscess (after surgery 6 weeks)
Lt homonymous inferior quandrantanopia
15 Bacterial meningitis
Rt homonymous superior quandrantanopia

full recovery in 2 months
full recovery in 1 year
full recovery in 1 month

full recovery in 4 months
mild deficit (at 8 months post-operatively)

full recovery in 3 weeks
treated with antibiotics then resolved
treated with antibiotics then resolved
full recovery in 3 months
debridement and resuture bedside + antibiotics
full recovery in 6 months
full recovery in 2 weeks

full recovery in 2 months
treated with antibiotics for 2 weeks
full recovery in 1 month
resurgery for excision abscess +
debridement + remove bone flap
Permanent deficit

treated with antibiotics for 2 weeks
No data

a15199 4 Fayagiaens 3 518 AlAUNTHIARTT (re-surgery)

No. Operation

Reason of resurgery

1 case S/P Rt SDG + DE

Re-Rt craniotomy with checking SDG position (6 d after

1st operation)

2 case S/P Rt SDG + DE

Re-Rt craniotomy with checking electrode (7 d after

1st operation)

3 case S/P Rt SDG + DE

S/P Re-Rt craniotomy with excision epileptogenic foci

with intraop ECoG

malposition of SDG

malposition of 1 DE

brain abscess + infected bone flap

Re-surgery for excision abscess + DB + remove bone flap (6 wk after 2nd operation)

Rt=right, Lt=left, S/P=status post, SDG=subdural grids, DE=depth electrodes, ECoG=electrocorticography, DB= debridement
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At 6 months follow up At last follow up
Number of AED, Med (Q1-Q3) 4.0 (3.0-5.0) 3.0 (2.0-4.0)
Engel classification
[ 23 (76.7) 21 (70.0)
[ 1(3.3) 3 (10.0)
If 2 (6.7) 2 (6.7)
v 4 (18.3) 4 (18.3)

Mean last follow up time 55.9 £ 29.7 months

70.0%
76.7%

6 months follow up Last follow up

@ Engel | @ Engel |l @ Engel i Engel IV

SUAMNT 2 HAANSNISHIARINITAIVANDINITYN 1unNIHSTUU Engel classification

391snd (Discussion)

6 91NN1IANWIRNUI JUems 30 518 Fadun
gugUaelsmandnildainnsasnuisaenisisinle

Wwavanfdagaiiesiugadnianisdnldiieone

£

naslbasun1sisalagunsniluasaiansianin
£ o wvd s U é’ d'

Ifanoina vnldiaunndlasudoyaninduwiien

Augaiitanisdn dawaligUaennaelunisine

é’ U as 1 el dl s s o s 1
% vLG]i‘Uﬂ"l'iN"llﬁlﬂLwaiﬂiﬂ'ﬁ‘[iﬂﬁNﬁﬂi%ﬂ’lﬁlUlﬂaﬂ’l

0 o 1 s - 1 o s o o
Pocp  Omonthe  LestFU lagn1svinaiusaninszninsszamaasunnduas

F/U o o o o
ﬂ’]EﬁLL‘W‘V]EJﬁ%UU‘Ui%ﬁ’W]LQW’]S‘Y]'NG]’]%I?F]GN%HN

sUMW# 3 Box plot 1WSeuifisuUSanaeniudnzasgiae dandAgagrsnniinldgUaelasulszlegsiann
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N13HGATH 1SNmouANIsLUaRaRSI9aTn Usein,
m'sa%wma, EEG, Video EEG monitoring LLae MRI
iWovnuSufiasdeindugaduianisdn silug
N13979UHWN1SHIAR I aoRangUnsoigiinle
I lng LLa:ﬁ'i’lemﬁﬁaﬂquﬂizﬁ alw
Tigayanniignainnisiidaldgunsailuanosiia
n3ramaulingaos nasnkusidowlananan
"L‘V\I‘Wwﬂuauﬁaizqﬁ%mmﬂaﬂqmﬁ”n,ﬁmmiﬁ’n ua
MNILEBATENARSNEN lsAaNTN AR URAENIINHE
nsAnwanuinfiglaedineglu Engel classifcation

| 91%49% 23 918 (76.7%) N1 6 LAOWARINIAR LAz

' 1l
1 = =1

21 918 (70.0%) NN19IATIVARAINATIANGA FaLile

q

= A

WIeUeUAUWITE AU INawnIIHIzNUINREUE
namagln Engel classification type | Uszanmusaeas
_ o cw Sa o od
47.0-64.7°"7 TagdngNewidehinaansd
AndtAnafenill negidezessiuwnaanidn 2
sunnnan lown 1) gUgluauwideidugUaens
soelsAagNaNDINAUINU (temporal lobe) 31943%
=2 a = = °
15 518 (50.0%) ZoUBUINIUATINHIZDITINIL
| & [~ o | dda o
duarevonan wasilusunsendniswennseilsni
ndurweang uaz 2) gUaeluinidedansinis
AR resection N1gani19widedny lnedguedls
JUNISHIAR resection I1%IW 29 318 (96.7%) &4
19666 resection HNAANWSIWNITAIVANEINTEN
A IARANFALNBNEUNUNSHARIRAD 1)
Azunsndaunasiinngaeguielninuidei
wuIAgUaed win 3 s1enfeEsngn 1 1w 3 578
AIIANUHNAIINNNIT0195 Aada I naea1daUns
KUY Left homonymous inferior quandrantanopia
waNANBEIREUI88N 1 918NHANNNNI30193 A
§ mild Left facial paresis l#318918398R%lgUqe
da . . . o =)
IH major complication MWW 4 518 (13.3%) %9

AUSBULNEUAUIWIFEAK ) NAaWRIIRIZNUINH

nmzunsndoueludiesaeaz 4.6-25.0'°"* (A1919

71 5) wanannhaziadainulunisAnwin wu

1 a

Jfinsfndefiunanndn 2 518 (6.7%) L?iaﬁ’zn
supednLsuRnge 3 318 (10.0%) uazHluanas
1 978 (3.3%) HensfinunzBadendinisiisn
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a191391UszamAagans aATeiAagaans lsoneruiaginasgagiag

Unljf] Ependymoma
o Germinal Matrix
AenRslulnssanamaainiianaanlulng R—
ANBIZa9NIINNIRaaANawi1¥ke (post-hemorrhagic /
hydrocephalus of prematurity 7158 PHHP) YN \

fiasanasainnisiiiionaanluwlnssanas(in-
traventricular hemorrhage) nwulpuasfis 20-50%
‘lumsn‘ﬁ'ﬂaamriauﬁmumﬁﬂmqﬂﬁﬁﬁaaﬂﬁﬁ 32
sUmHA 22 ﬁaa’immﬁ;mmnmiﬁﬁl,ﬁamaaﬂaluity'u

germinal matrix (g‘dﬁ 1) ﬁgﬁﬁ'&u%’lmauuﬁiﬁﬂmz SUN 1 AuNUIZ8Y germinal matrix ABUSLIMALIE?

u

FIATIA d1MSUgerminal matrix 1SNA3191WE907Y 1% medial 289 caudate nucleus WaSARNU
A33 8-28 dUMY waziasqiiivlmfiafinauany lateral wall 287 lateral ventricle

A33A 32 dUa% laenisnAaannaui1nwai N

HIbNEIa e Qzﬁawuqﬁﬁnﬁsﬁﬂaqm'suﬁamaaﬂiu A1rsuNIzIA L BlnsIaNaInaIa N EDABEN
Twssanaslaningu®>o7 Tulwseanntin azdunnsiunisiiianaanlnanas

NfimNguusI(severe IVH) N1dnagln Papile clas-
sification grade IIl uaz IV (113199 1)7 lnenfond

aantatvadd iU lulnssanasazinlviinniizilu

a
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TwseanasAsuazinlvAInawlwnzlnanAsue iy
goanauni ninUaseielianuanlwnzlnandsue

fganaznsentauaINNSNinznawadianlulng

ANz lvaNauiaRNLAerY Feazduafanin
a = N |
AnnsuazatiznwanInlminngniduagieanle

BUWIRB

f157990 1 The Papile Classification of LUINISLAR intraventricular hemorrhage T%Lﬁﬂ preterm Iﬂﬁﬂ‘ﬁ

DANSIENINA’

The Papile Classification of Preterm Intraventricular Hemorrhage on UItrasonography7

Grade |
Grade Il
Grade I
Grade IV

Isolated germinal matrix hemorrhage
Intraventricular hemorrhage without ventricular dilatation
Intraventricular hemorrhage with ventricular dilatation

Intraparenchymal hemorrhage plus intraventricular hemorrhage

nuaMYNMSSnEM:thALIulwsLaUBVAdLINIAR
1denaaniulwsvauevyavnisninasaisuiInuA

nssnwdagiuudsaaniy

1. n135nwnuuldenfn(nonsurgical treat-
ment)

2. nssnunlaenisiaaioszunesinlulngs
ﬂNENLﬁaﬁﬁ%ﬁ%a%m’n(temporaw surgical treat-
ment)

3. ns3nwlaenisrsaieszuieiilulngs
du290135(permanent surgical treatment)

nssnwanuulainga laud nisienzszunein
Ta&unas (lumbar puncture) Tran1s3nwniilaroed
UszAnSnwainin Lﬁaamﬂ;j’ﬂaanduf:ﬁn%ﬁﬂmm
Fanannnldnisinzszunednledundeinlamon
Freenn szunelaluuSanadlann o1sessaoany
szurgUaeAsenlmAnANuUIauAdae adls
ﬁmué’aﬁ@ﬂmmﬂna"uﬁmauﬂuaovfﬁﬁLLazmazvf’l

Adlulnssanasanisanialulaiee® Tndaiwzasnis

lnzszunesinlulnssanainudasnznaaNA1wRIN
(anterior fontanelle tapping) ARSI 1w
fUreegiinn1zingfainanisinAsiulnseanas
wiarasamdanlddeldanansaludrsmiald
gunsalle 0991115191252 UN 8T s IS os N
inwdoanzrsienswatwazinlanianisinide
Tulnseanas waztinna1e loculated hydrocephalus
ATHN LB uanmnﬁms‘lﬁ’mﬁ’uﬂamazmju acet-
azolamide was furosemide taann1sa3199nlulnag

LY

anes JagtulasunisBnduuarinlidfivszlovsad
e Bnvesarnliinnisazanasunadenlwiieln
FINBINAUNTNTOWE 7 AINNIAIL®
Tud1nze9n135neILUURIARia sz U BN T
Twseanaadassundainsane 8lSfesnuiniie
inlulwssanasncawinldiinnnusuluaneogedn
waztinan1snieszuulszan desiuszleeilenis
Snwludasusnfinisndefinnazunsndansinnis

ARBANAWATYWA b2% WIVHNWEEY NRIRBINUIY
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Usanalusiulusdlulnseansefidogend vinlwld
sansaldaneszuneinlulnssanasuuuaisluan:
wnle anaoeno nsldgunssidmiunisianz
szuneinlulnsesnse (ventricular access device
w38 VAD)''2 wiansldaneszuneinlulnseanes
13lsnsiariswz">"* (ventriculo-subgaleal shunt #38
vsgs) ludanzasnisldaneszuievinlulnssanas
AaNN1EINE AN (external ventricular drainage %30
EVD)"® finnsfnwinuinfinanudessianisianis
fadalulnsianosuaznizunsndoudnjaasmisnd
ARBANBWAIAWANINATY N15LE VAD ¥138 VSgS'®

masnwilagmsindmiioszunevinlulnssues
0123 azufiegiaedomefionnissasnnisinalu
I‘Wiﬂﬂuaﬂagj (persist of hydrocephalus symptom)
Tnedunsldanaszuneinlulnseanaslusadoatias
?i'ml,?iaﬁ’amam %38 MIlanasunaI L usw laedn
aldiile N13N818NINNT 3 LlaunaiAaen, s
31 2.5 Alansw uaz Tusiuzasinlulnseanes
fiAiaendn 1.5 n5n/8R3"7 wenanigeRn1ssnun
AI8N1H endoscopic third ventriculostomy with
choroid plexus coagulation (ETV-CPC) galwunanis
Snwndidlwinnisniifiony 6 (amw(corrected age)
Fnalye

wd A.A. 2010 Whitelaw wae Ame' laidane
n135nwn1zinaslnlnssanesnasaniinden
panlulwssannizasmIsnfinaonnaninwe Aae3s
DRIFT (Drainage, Irrigation and Fibrinolytic Therapy)
Tneansldaneszunesinlulnseanos 2 dufivsim
frontal horn 219LR87N% WAL occipital homn F19AFIINHN
wazle Ringer lactate solution JIHAU recombinant
tissue plasminogen activator (rt-PA) iiazaelwns
Frodenneanlulnsanes Imamsﬁnmﬁlﬁ%qmm

o i

NANIAWLIEEIANNNUI NaUmn1SaizadnN1IzLaanaan

9

g a & v o o | Hd

FUNNIW waz NIAARAINITLIaa18Tz U111
Twssanasuuun1IsiiacInll 6 LHaK wWANI5NYI
pe38 DRIFT WU 15NN LASUNITSNEIREINITNS

d | 1

szuvlszanisniinganlalasnen lnewliafinmna

'
=]

ormsRaiosd 2 Juaz 10 U2° wudsnnsnan
severe cognitive disability LLas 8k overall death Ts

waztitasainiagiuifmuinisaesgunsal
NIN1SUNNEREEY AlHReNLARLWIARZEINTS
ldnaoedaslnsadnas (endoscope) lunsanaiion
Hwn1saeenaaslulnsianas(neuro-endoscopic

d 1

lavage %38 NEL) Z9{#0FN311139NWILUU DRIFT
TuudaasnaUaonae oI INaINITANDILAKLES
aatdanfinadnisagnielulnssanaslslaenss,

AuANUSIIaLE-aanlunisadanls

LAz
AT I s ERI9 TS IaN B (septum
pellucidum) tialu&aidanfioglulnasanassnunse
Falglunsdif Tanansaldngaadnlugsln usion
2849 foramen of Monro LaUILIUABN third ventricle
fiflawnmanleoeees

#1AlU A.A. 2014 Congress of Neurological
Surgeons Paediatric Hydrocephalus Guidelines Tar
wuzinlhnsrin NEL wniislunissnwaniazsin
Asluwlnseanaimasaniiadonasnlulnsesnod
aunsanlaageuaende®

FoUe%, TR ULAZINATANTSHNAAIHANTS Y
Azrnaclulnssanssndsaniniansaninlng
AN8989NIINNAaEAnaRiTMwAREIEN13a10 a0 e
HuATaaInaaelnsIaNad

gawsudavedlunisnin NEL ﬁ?uf]ﬂﬁ;ﬂ'u U214
TA5nhwie

1. 1A head ultrasonography WU ventricular
index (maximal width of body of lateral ventricles

¥156128 biparietal diameter) > 97 1Wasidnlng e
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anterior horn width > 6 N§.%°
2. LduIaUIIATWLLANT 0.5 1 TH./ T AEAD
% 2-3 % 3anfuRaIn15989 Az lulnseanns
A9 1w nzvsleantnAnisldeionndu, wiefnns
uenupeseefaaninzlnanisws (splayed sutures)?
3. #A1 fronto-occipital horn ratio(FOHR)
> 0.55 (3Ufl 2) Fandufiennis 2 lu 3 Fsia
U
1) ¥ialaLsndn (bradycardia)
2) fin1suenzeeseanarainslrnandsue
(splayed sutures)
3) nevslonnndnisldeiennndu (bulging

fontanelle)

(A+B)
26

Fronto-Occipital Horn Ratio (FOHR) =

Wk

sUf 2 351m Fronto-occipital horn ratio (FOHR) lme
N13IAINNI9GAZBY frontal horn LaAzYBY
occipital horn H1UINIINAYK LAIHIIADE
AvAnanitefigaassiulunzlnandsue
parietal bWIETWIULREINY

iasanninaianisesin NEL ulalsfinisszy

(9 ]
s

ANAAUNIALIN I LRADwIsuane9lUTwlsza

N =)

Fagunndunazsie Zerinlinanissnwisenanla
et aoinlull A.A. 2022 Sefimanenens
Usudgelwuuanienissnuwisaeds NeL Tidunly
Tusmsgiwiieann lag Saniya wasAmeyingIw
289 DOLPHIN-UK 1ai1n1353usindaygasinnais
Uszamdagunnd Tun158mn31891% 1589 A Stan-
dardised Protocol for Neuro-endoscopic Lavage for

Post-haemorrhagic Ventricular Dilatation: A Delphi

Consensus Approach wazle?a ayURIn°e

dumaunazinAiANSLEA

'
a s |

SudavingUaeldagluniuawnoe Wauaailn
WUURSI9NAN (semicircular skin incision) fiusiand
1 %3, 1158 coronal suture bibkib? midpupillary line
ASIRNUWTIN1919123 bur hole BWIALEN L?Jml,?iaﬁ'u
fn0a%% dura mater Wiialdngdasdaslnssanas (rigid
%38 flexible endoscope) W lUgasune frontal
horn 284 lateral ventricle laaunsinldldluluse
anasdneiifiianeguiniign nasanldndoainly
Tulwseanaaseusesunds aunsnsudradanse
warmed Ringer’s lactate solution (genQd 37°C
Tneuszanny) Taeisudsannudian frontal hom U
&3 occipital horn 2898aLBeiw aniwliaedaly
g9USL1I04289 foramen of Monro WA third ventricle
natanarienieglulnssanadraieaiuan v
Tulwsoanns SE7laud? unsrinldvinnisanzai
fuszndrolnseaaes (septostomy) wiiednadent
agl lateral ventricle Homsada Tunadififiasidon
‘ﬁ ”wavlaiaaﬂmmaaﬁw moderate suction Iﬂﬂiif sy-
ringe Bafuday suction 2aendaaiiaiiiausinaion

Baalwoananls unssinlvasawinlulnseana s
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flaanusanaafnlaseasiente 9 lulnseanaels
Fan(IaeUSanmas Ringer's lactate solution 71l
dreazagiivszana 2-3 &ns) (5UM 3) ndeand
Lﬁ%ml,é'm,mzﬁﬂﬁsf,dqﬂnisﬂumﬁzmaﬁﬂu‘[wm

AnpedIms1IABLEND (EVD, VAD w38 VSgS) uasld

A

gel foam Un7d09319289 corticotomy tract AONLEU
% periosteum ARNTIUNIELUNE reservoir Snew (Nl
‘ﬁliﬁl VAD #1538 VSgS) uag Lﬁuﬁy’% galea aponeurosis
sandefiamiolRurmialosfwnnssadnaosinle

IWi\‘]ﬂN?J\‘]?JBﬂN’]g\‘iﬂ']EI%Qﬂ

I a

5UN 3 (A) sUuanudanneanlulnssanasnouiinisans (B) judewidenfignagusiinzas foramen of

Q

Monro (C) LARIN1SAARBWLABRBENAIEIMATA moderate suction laale syringe (D) 3UnasaINa10

A lwlwssaNa N A Ld L#An structure 8179 7 LAAALAW

NSAUanavwinn

ﬂé’ﬂﬁhfifﬂ;jﬂaannswmiagié’aLﬂmmmiﬁm
duredngaanniuianusnifin uuesinlienufaane
IRTINAINIAR 24 AN, WAZHARTNIALEWIDUITU
Fsws TuazA3 A19917 ultrasound Aswzdnnnelu 24

A, I UszIiniauioaNA190g5INT012291 AT

Iwseanes wazsin ultrasound gmn 7 2 T nnguae
fifsueilngwiifnund nSafennszasAasule
nzlnanfswzge Inennasanuiewdanfinieds
g szuuzinliluiinisansideariwnisdesnass

Inssanag (re-lavage) 8nAss umofieda1nns

09N UIAIIINTIaNDIL 9D E19LAE #1190
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Uanensalanzszuievinlulnssana e reservoir T

U3N1ae 10 88./nN.15 1n 12-48 7. LNBARBINTS

Tet

wan1ssnun

grwsulunsdifivi NEL 91nn1sfnwn2e9 Schulz
M. uazAnelud A.A. 2014 wut flaniadigiae
§13150187 temporary device 88N bARAILE LULAT
1 9 Tnegtaefisniusoclssunissnuisae per-
manent treatment 52811318 shunt HuaAEsLRE
50% LﬁﬂUﬁUﬂEjNﬁvLﬁvLﬁﬁ’l NEL 71 100% 39n89R
shunt survival rate 63.6% ‘ﬁl 12 18w LaE 56.2%
i 24 1Haw'

doRAaIlUNUNANISANEN289 Jorge Tirado-
Caballero wazamzlngd m.A. 2020 fiRNWINI59
NEL Twg1)28 modified Papile grade 11l Wag IV 31%2%
46 918 WUIIH permanent shunt rate agjﬁ 58.7%
wazfinan1ssnufingulwudaas good neurological
motor outcome (GMFCS Grade I-11) 7l 65.79% uaz
H Good neurocognitive outcome # 53.3% Ine
Uaqunladin1sfnw TROPHY registry study design:
a prospective, international multicenter study for the
surgical treatment of posthemorrhagic hydrocephalus
in neonates®® flamziiindtaglnazninsdunannis

=4 =3 =3 o

ANwuazNUIaye LWaNRWIADEIATINAIA 1A

ad as VN~ d s do dgl d
"Jﬁﬂ"]iiﬂ'lﬂ"ﬂ“ﬁLU%N’IMig?%Lﬁlﬁl?ﬂ%LLazﬂﬂﬂﬂ%‘lﬂﬂﬂ

TnawiAn

asu

N195NWIN1IL AT INTIFNDINAIRINLAR

LHanaanlnlwsigNe9209N1INNARDANDWATAWE

v a

A1835n19819L80RN I wN1Sd09na Il NIIa N

WuisndreuazUaands Jedagunlauusiilald

Hwnissnenasuiisdnainnissnulagniseise
Woszungrnlulnssanondosdurseding lag
g1N15aansasINslanazdnszeziianlunsiuaemw
seszueinlulnssanasuuansle sandelvua
mi%'ﬂm"lm%‘awaa motor LLaZ cognitive function ‘Vdi

ad’
2N 0%

19Na1SH0dV

1. Duncan CC, Ment LR. Intraventricular hemorrhage and
prematurity. Neurosurg Clin N Am 1993;4:727-34.

2. Ment LR, Ehrenkranz RA, Philip AG, et al. Risk period
for intraventricular hemorrhage of the preterm neonate
is independent of gestational age. Semin Perinatol
1993;17:338-41.

3. Volpe JJ. Neurology of the newborn. 3rd ed. Philadel -
phia7 Saunders; 1995. p. 403-63.

4. Kadri H, Mawla AA, Kazah J. The incidence, timing,
and predisposing factors of germinal matrix and
intraventricular hemorrhage (GMH/ IVH) in preterm
neonates. Childs Nerv Syst. 2006;22(9):1086-90.

5. Mancini MC, Barbosa NE, Banwart D, et al. In-
traventricular hemorrhage in very low birth weight
infants: associated risk factors and outcome in the
neonatal period. Rev Hosp Clin Fac Med Sao Paulo
1999;54:151-4.

6. Paneth N, Pinto-Martin J, Gardiner J, et al. Incidence
and timing of germinal matrix intraventricular hem-
orrhage in low birth weight infants. Am J Epidemiol
1993; 137:1167-76.

7. Papile LA, Burstein J, Burstein R, et al. Incidence
and evolution of subependymal and intraventricular
hemorrhage: a study of infants with birth weights less
than 1500 gm. J Pediatr 1978;92:529-34.

8. Alan N, Manjila S, Minich N, et al. Reduced ventricular
shunt rate in very preterm infants with severe intra-
ventricular hemorrhage: an institutional experience.

J Neurosurg Pediatr. 2012;10(5):357-64.



Thai Journal of Neurological Surgery
Vol. 1 No. 3 July - September 2023

99

10.

11.

12.

13.

14.

15.

16.

17.

18.

Whitelaw A, Kennedy CR, Brion LP. Diuretic therapy
for newborn infants with posthemorrhagic ven-
tricular dilatation. Cochrane Database Syst Rev.
2001;2:CD002270.

Kennedy CR, Ayers S, Campbell MJ, Elbourne D,
Hope P, Johnson A: Randomized, controlled trial of
acetazolamide and furosemide in posthemorrhagic
ventricular dilation in infancy: follow-up at 1 year.
Pediatrics. 2001,108:597-607.

Hudgins RJ, Boydston WR, Gilreath CL. Treatment of
posthemorrhagic hydrocephalus in the preterm infant
with a ventricular access device. Pediatr Neurosurg.
1998;29(6):309-313.

McComb JG, Ramos AD, Platzker AC, et al. Manage -
ment of hydrocephalus secondary to intraventricular
hemorrhage in the preterm infant with a subcuta-
neous ventricular catheter reservoir. Neurosurgery.
1983;13(3):295-300.

Fulmer BB, Grabb PA, Oakes WJ, et al. Neona-
tal ventriculosubgaleal shunts. Neurosurgery.
2000;47(1):80-83, discussion 83-84.

Perret GE, Graf CJ. Subgaleal shunt for temporary
ventricle decompression and subdural drainage. J
Neurosurg. 1977;47(4):590-595.

Schulz M, Buhrer C, Pohl-Schickinger A, et al. Neu-
roendoscopic lavage for the treatment of intraven-
tricular hemorrhage and hydrocephalus in neonates.
J Neurosurg Pediatr. 2014;13:626-35.

Gurtner P, Bass T, Gudeman SK, et al. Surgical
management of post-hemorrhagic hydrocephalus
in 22 low-birth-weight infants. Childs Nerv Syst.
1992;8(4):198-202.

Whitelaw A, Aquilina K. Management of posthaem-
orrhagic ventricular dilatation. Arch Dis Child Fetal
Neonatal Ed. 2012;97(3):F229-F233.
Riva-Cambrin J, Kestle JRW, Rozzelle CJ, et al.
Predictors of success for combined endoscopic
third ventriculostomy and choroid plexus cauteriza-
tion in a north american setting. a hydrocephalus

clinical research network study. J Neurosurg Pediatr.

19.

20.

21.

22.

23.

24.

25.

26.

2019:11-11.

Whitelaw A, Jary S, Kmita G, et al. Randomized trial of
drainage, irrigation and fibrinolytic therapy for prema-
ture infants with posthemorrhagic ventricular dilata-
tion: developmental outcome at 2 years. Pediatrics.
20101 25(4):e852—8.

Luyt K, Jary S, Lea C, et al. Ten-year follow-up of a
randomised trial of drainage, irrigation and fibrinolytic
therapy (DRIFT) in infants with post-haemorrhagic
ventricular dilatation. Health Technol Assess.
2019;23(4):1-116.

Cavalheiro S, Dastoli PA, Suriano IC, Sparapani F,
Mello FB: Brain wash in premature neonate with in-
traventricular hemor- rhage. Childs Nerv Syst. 2007,
23:1051 (Abstract).

D’Arcangues C, Schulz M, Biihrer C, et al. Extended
experience with neuroendoscopic lavage for posthem-
orrhagic hydrocephalus in neonates. World Neurosurg.
2018;116:e217-24.

Tirado-Caballero J, Rivero-Garvia M, Arteaga-Romero
F, Herreria-Franco J, Lozano-Gonzalez A, Marquez-
Rivas J. Neuroendoscopic lavage for the manage-
ment of posthemorrhagic hydrocephalus in preterm
infants: safety, effectivity, and lessons learned. J
Neurosurg Pediatr. 2020;26(3):237-46. doi:
10.3171/2020.2.PEDS2037. PMID: 32413865.
Bauer DF, Baird LC, Klimo P, et al. Congress of Neu-
rological Surgeons Systematic Review and Evidence -
Based Guidelines on the Treatment of Pediatric
Hydrocephalus: Update of the 2014 Guidelines.
Neurosurgery. 2020;87:1071-5.

de Vries LSFG, Liem KD, Heep A, et al. Treatment
thresholds for intervention in posthaemorrhagic ven-
tricular dilation: a randomised controlled trial. Arch Dis
Child Fetal Neonatal Ed. 2019;104(1):F70,AiF75.
Wellons 3rd JC, Holubkov R, Browd SR, et al. The as-
sessment of bulging fontanel and splitting of sutures
in premature infants: an interrater reliability study by
the hydrocephalus clinical research network. J Neu-

rosurg Pediatr. 2013;11(1):12-4.



100

21saisus:anAagmansing
U 1 auuil 3 nsnAu - Auegteu 2566

27.

28.

Wellons 3rd JC, Shannon CN, Holubkov R. Shunt-
ing outcomes in posthemorrhagic hydrocephalus:
results of a Hydrocephalus Clinical Research Net-
work prospective cohort study. J Neurosurg Pediatr.
2017;20(1):19-29.

Mediratta S, Chari A, DOLPHIN-UK Collaborators. A
standardised protocol for neuro-endoscopic lavage
for post-haemorrhagic ventricular dilatation: A Delphi

consensus approach. Childs Nerv Syst. 2022;38:

29.

2181-7.

Thomale UW, Cinalli G, Kulkarni AV, Al-Hakim S, Roth
J, Schaumann A, Biihrer C, Cavalheiro S, Sgouros S,
Constantini S, Bock HC. TROPHY registry study design:
a prospective, international multicenter study for the
surgical treatment of posthemorrhagic hydrocephalus
in neonates. Childs Nerv Syst. 2019;35(4):613-
9.



