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Seizure Outcome after Surgical Treatment for
Temporal Lobe Epilepsy with Hippocampal Sclerosis

Tanatkan Kumpanont, M.D.
Teeradej Srikijvilaikul, M.D.

Department of Neurosurgery, Neurological Institute of Thailand,
Bangkok, Thailand

Abstract

Objective: To study seizure outcomes in patients with temporal lobe epilepsy (TLE) with hippocampal
sclerosis (HS) and predictive factors associated with seizure outcome.

Material and Methods: One hundred and forty-seven patients with drug-resistance temporal lobe
epilepsy with hippocampal sclerosis were retrospectively reviewed at Neurological Institute of Thailand
between 2011 and 2021. All patients underwent temporal lobectomy and had pathologically proven hip-
pocampal sclerosis. A minimum follow-up period was two years and seizure outcomes were classified as
being seizure free and not seizure free using Engel’s classification.

Results: A total of 109 patients were included in the study, there were 47 males and 62 females.
The median follow-up duration was 4 years. Long-term seizure freedom at 2 years was 86.2% and at 5
years was 85.1%. Overall, 93 (85.3%) patients were seizure free (Engel |) at their last follow-up. Ninety-
four (86.2%) patients were seizure free at a minimum of two years after surgery. Thirty-four patients were
able to discontinue anti-seizure medication. There was 14% morbidity rate with no mortality. No predictive
factors were found associated with seizure outcome in this study.

Conclusion: Temporal lobectomy is effective in drug-resistant temporal lobe epilepsy with hippocam-
pal sclerosis. Favorable seizure free outcomes at least two years can be achieved. However, there are no
predictive factors associated with seizure outcome in this study.

Keywords: Hippocampal sclerosis, Temporal lobe epilepsy, Drug-resistant epilepsy
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Introduction

Epilepsy is a chronic and debilitating condi-
tion that affects millions of people worldwide".
Temporal lobe epilepsy (TLE) is the most common
type of epilepsy. Temporal lobe epilepsy with hip-
pocampal sclerosis is the most common pathology
frequently operated’. Patients with TLE-HS usually
develop drug resistance®”. With medical treatment
alone, the remission rate for TLE-HS ranges from
only 11 - 42%°.

Surgery is now widely recognized as an ef-
fective and safe treatment option for patients
whose seizures are not adequately controlled by
medication’. Short-term outcomes following epi-
lepsy surgery for TLE-HS are promising, with seizure
freedom rates ranging from 70% to 90%"’. Five-year
follow-up studies report seizure freedom rates of
50% to 75%'""?. However, Seizure freedom when
follow-up in longer term begins to decline®.

This study aimed to evaluate seizure-free
outcomes after a minimum of two years follow-up
and to identify predictive factors associated with

long-term seizures outcome.

Material and Methods

Patient and data

This study retrospectively reviewed patients
with drug-resistant temporal lobe epilepsy associ-
ated with hippocampal sclerosis who underwent
surgical treatment at Neurological Institute of
Thailand during 2011 - 2021.

All patients underwent comprehensive pre-
surgical evaluation including detailed history and
examination, neuropsychological testing, 1.5 or 3.0

tesla magnetic resonance imaging (MRI) and 24-hour

video-electroencephalography (EEG) monitoring. All
patient’s information were discussed at epilepsy
management conference before surgery. If there
was an undetermined or discordance imaging and
video- EEG then an invasive EEG monitoring using
either subdural electrodes, strip electrodes or
depth electrodes were undertaken.

The inclusion criteria were as follows; (1)
confirmed unilateral hippocampal sclerosis on
MRI (2) pathologically confirmed hippocampal
sclerosis (3) having completed minimum follow
up period of two years. Patients with bilateral HS,
Dual lesions on MRI, presence of other lesion on
pathological examination or underwent selective
amygdalohippocampectomy were excluded. All
patients underwent standard anterior temporal
lobectomy by a single neurosurgeon.

The data was gathered through comprehen-
sive review of medical records, including clinical his-
tory, pre-operative evaluations, and postoperative
clinical follow-up. Data collected including gender,
age, age at seizure onset, age at surgery, side of
surgery, duration of epilepsy, history of febrile sei-
zure, family history of epilepsy, history of trauma,
meningitis or encephalitis, history of secondary
generalized tonic-clonic seizure, invasive EEG,

postoperative seizure outcome and complications.

Seizure outcome

Seizure outcomes were assessed initially after
surgery and during outpatient visit until the most
recent follow-up using Engel’s classification’.
Seizure outcomes were classified into 4 classes;
Class | (Free of disabling seizures, seizure free),
Class Il (Rare disabling seizures, almost seizure

free), Class Il (Worthwhile improvement) and Class
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IV (No worthwhile improvement). Patients were
categorized into 2 groups: Engel | was classified as

seizure-free and Engel II-IV were not seizure free.

Statistical analysis

In this analysis, continuous variables were
presented as median and interquartile range
(IQR). Categorical variables were described with
percentages. Differences in baseline characteristics
between seizure status were analyzed using the
Mann-Whitney U test for continuous variables and
the Chi-square or Fisher’s exact test was used for
categorical variables. A univariate cox regression
was used to examine the individual relationship be-
tween each variable and seizure-free status, those
that achieved a p-value < 0.20 were selected for
testing in multivariate cox regression. Hazard ratio
(HR) and 95% confidence intervals (Cls) were used
to illustrate the association between factors and
seizure status. All probability values were two-sided
and the significance level was set at p-value < 0.05.
Statistical analyses were performed using SPSS for
Windows version 16.0 (SPSS Inc., Chicago, Illinois,
USA).

Results

A total of 147 patients with drug-resistance
temporal lobe epilepsy associated with hippo-
campal sclerosis underwent temporal lobectomy
between 2011-2021, 38 patients were excluded
due to a loss of follow-up or lack of information
in the medical record.

One hundred and nine patients (47 males and
62 females) met the inclusion criteria (Table1). The
median age at seizure onset was 13 years (range

8 to 21.5 years). The median duration of epilepsy

was 19 years (range 9 to 31 years). Median age at
surgery was 35 years (range 26 to 47 years). The
median duration of follow up was 4 years (range
2 to 6.5 years). Eighty-eight patients (90.7%) were
right handedness.

Six patients had discordance data and un-
derwent further invasive monitoring. Two patients
had subdural electrode placement, 3 patients had
bitemporal strip electrode placement and 1 patient
had depth electrode placement. Fifty-eight patients
(53.29%) were operated on the right.

Post-operative outcome

The seizure outcomes were classified by the
Engel’s classification as summarized in Table 2.
Ninety-four patients (86.2%) were seizure free for at
least two years. Ninety-three patients (85.3%) were
seizure-free at their last follow up (Engel class ).
The seizure free outcomes after surgery with yearly
follow-up were as follows; 86.2% at 2 years, 92.5%
at 3 years, 88.4% at 4 years, 85% at 5 years, 83.9%
at 6 years, 82.5% at 7 years, 82.8% at 8 years, 76%
at 9 years, 80% at 10 years, 87.5% at 11 years and
100% at 12 and 13 years (Table 3). The Kaplan-
Meier curve shows overall survival of long-term
seizure outcome (Figure 1). Seizure-free outcomes
slightly decrease with longer follow-up period,
86.2% at 2 years, 85% at 5 years and 80% at 10
years. At last follow up, 34 patients were free from
antiseizure medications.

Factors including age at epilepsy onset, du-
ration of epilepsy, age at surgery, gender, side of
surgery were not associated with seizure outcome.
Additionally, other factors, including family history
of epilepsy, history of trauma, history of febrile

seizure, history of meningitis or encephalitis and his-
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tory of secondary generalized tonic-clonic seizure
were not predictive factors of seizure freedom.
There was no mortality in this study. Sixteen

(14%) patients having post-operative complications

Table 1 Characteristics of patients

including 9 patients with meningitis, 6 patients had
hemorrhage either subdural or intracerebral hem-
orrhage and one with ischemic stroke. There was

permanent neurological deficit in one patient.

Sex (%) 0.331
Male 38 (46.3) 9 (33.3) 1.00 -
Female 44 (53.7) 18 (66.7) 1.49 0.67 -3.32
Age at seizure onset (years; median, IQR) 12.0,(7.8-20.2)  15.0,(10.0-23.0) 1.01 0.98 - 1.04 0.69
Duration of epilepsy (years; median, IQR) 19.0, (10.0-30.0)  20.0, (6.0-32.0) 1.00  097-1.02 0.740
Age at surgery (years; median, IQR) 35.5,(26.0-48.2)  35.0, (26.0-46.0) 1.00 0.97-1.03 0.990
Side of operation (%) 0.556
Left 37 (45.1) 14 (51.9) 1.26 0.59 - 2.67
Right 45 (54.9) 13 (48.1) 1.00 -
History of febrile seizure 33 (40.2) 10 (37.0) 0.88 040-194  0.758
Family history of epilepsy 3(3.7) 3(3.7) 086 0.12-6.38  0.887
History of trauma 6(7.3) 3(11.1) 130 039-436  0.665
History of meningitis/encephalitis 6 (7.3) 3(11.1) 154  046-511 0.484
History of 2™ generalized tonic-clonic seizure 32 (39.0) 16 (59.3) 1.86  0.86-4.00 0.115
Invasive monitoring 4(4.9) 2(7.4) 133 0.32-563 0.69

* Significant at 95% confidence interval (p < 0.050)

Table 2 Seizure outcome at last follow-up

I

I

11l

\Y
Total

93 (85.3)
6 (5.5)
9 (8.3)
1(0.9)

109
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Cumulative survival
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Figure 1 Kaplan-Meijer curve of long-term seizure outcome

Table 3 The number of patients and seizure outcomes in longitudinal follow-up

Post-op year Seizure free (%) Not seizure free (%) Total
2 94 (86.2) 15 (13.7) 109
3 87 (92.5) 7(7.4) 94
4 69 (88.4) 9 (11.5) 78
5 57 (85) 10 (14.9) 67
6 47 (83.9) 9 (16) 56
7 33 (82.5) 7(17.5) 40
8 29 (82.8) 6 (17.1) 35
9 19 (76) 6 (24) 25
10 12 (80) 3 (20) 15
11 7 (87.5) 1(12.5) 8
12 4 (100) 4
13 1 (100) 1




88

91saisus:ainfAagmansing
U 16 auunl 4 manu - SUAU 2568

Discussion

Overall seizure outcome

This study aims to assess long-term seizure
outcomes in 109 patients who underwent tem-
poral lobectomy with pathologically confirmed
HS and had a minimum follow-up period of two
years. Overall, 85.3% of patients had seizure free-
dom (Engel class 1) at their last follow-up. Seizure
freedom at 2 years and 5 years after surgery were
86.2% and 85.1% respectively. In our study, seizure
outcomes were comparable to previous study
which reported seizure freedom of 86% and 83% at
2 and 5 years'". This study also shows high rates
of seizure freedom on a yearly basis which concur
with previous report conducted in Thailand’®. The
Kaplan-Meier curve shows similar seizure-free out-
comes at two and five years, followed by a slight
decrease in seizure-free outcomes after five years,
which then tends to stabilize over the long term.
(Figure 1). This indicates that stable and favorable
outcomes might be expected for patients who
remain seizure-free five years after surgery. Small
number of patients follow-up in longer term in our
study might influence seizure outcomes. However,
the seizure free outcomes in our study correlate

Y17 3nd confirm benefits

with those of other studies
of surgical treatment in drug-resistant temporal

lobe epilepsy with hippocampal sclerosis.

Predictive factors for seizure outcome

Whether febrile seizure had an impact on
seizure outcome of temporal lobe epilepsy with
hippocampal sclerosis was still on debate. Dalio et
al.'” found that patients who reported a history of
febrile seizure were likely to remain seizure free.

One meta-analysis study (18) also concluded that

febrile seizure correlates with good post-surgical
outcome. Our study found no association between
febrile seizures and seizure outcomes comparable
to other study”. Since records from early childhood
care of a number of patients were not available,
data regarding the presence of febrile seizure as
initial precipitating injuries might not be reliable
enough.

History of secondarily generalized tonic-clonic
seizures (2™ GTC) has been previously identified as
a predictor of seizure recurrence after epilepsy sur-
gery. Janszky et al.”’ reported that 2nd GTC seizures
were associated with worse outcome at 2-year but
not at 5-year following surgery for TLE-HS, possibly
indicating more widespread cortical involvement
and a distributed epileptogenic zone. However,
other study” has reported the presence of 2"
GTC did not have any impact on seizure outcome
similar with our findings in this study.

It has been hypothesized that early-onset
seizures, characteristic of mesial temporal lobe
epilepsy, were associated with better postopera-
tive outcomes™?”. In this study, the median age of
seizure onset was 12 years in seizure-free patients
and 15 years in those who were not seizure-free.
Although there was a trend suggesting that seizure-
free patients had an earlier onset of seizures, the
difference between the two groups was not statisti-
cally significant in our study.

Studies have suggested that a longer dura-
tion of epilepsy is associated with poor surgical
outcomes™, potentially due to the development
of secondary epileptogenesis at sites distant from
the primary lesion. However, our study found that
epilepsy duration was not a predictive factor for

seizure outcomes. This finding agrees with other
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reports which found no association in epilepsy
duration with seizure-free patients and those who
continued to experience seizures’'.

Age at the time of surgery can influence differ-
ent seizure outcomes. In our study, the median age
at surgery was 35.5 years. This finding agrees with
Sperling et al.** which reported seizure-free patients
tended to be younger at the time of surgery.

Even though, many predictive factors were
reported relating to surgical outcome in temporal
lobe epilepsy with hippocampal sclerosis. We
found no predictive factors associated with seizure
outcome in this study similar to previous study by

Aull-Watschinger et al.” and a study conducted in
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Abstract

Long Term Outcome for Surgical Resection of Pediatric Spinal Lipoma in Kecmh: 20 Years
Experience

Prem Kamolamnuaykit, M.D., Kusawadee Juengsirakulwit, M.D., Jiraphorn Amornfa, M.D.

Neurosurgery unit, Department of Surgery, Faculty of medicine, Chulalongkorn University, Bangkok, Thailand

Background: The optimal surgical approach for spinal lipoma remains controversial, particularly in
asymptomatic patients. Factors contributing to an increased risk of TCS require further investigation.

Objective: This study aims to analyze the long-term outcomes of patients with spinal lipoma who
underwent surgery at King Chulalongkorn Memorial Hospital and identify factors associated with an increased
risk of developing TCS.

Methods: A survival analysis was conducted on pediatric patients with spinal lipoma who underwent
surgery at King Chulalongkorn Memorial Hospital. Data were retrospectively reviewed for patients who un-
derwent surgery between September 2003 and September 2023 (20 years).

Results: Among 69 patients with a mean follow-up period of 9.6 years, the mean time to progression
was 15.7 years, with a progression-free survival (PFS) rate of 84.1% at 19years. The time to retethering
ranged from 2 to 17 years after the initial surgery. When analyzing risk factors for TCS, asymptomatic pa-
tients had a PFS of 86.7 %, while symptomatic patients had a PFS of 79.2%, with no statistically significant
difference (p = 0.519). The PFS rates for different spinal lipoma types were as follows: dorsal (50%),
transitional (78.6%), chaotic (94.4% ), and terminal (89.5% ), with no significant difference (p = 0.157).
In terms of the extent of resection, patients who underwent complete or near-total resection had a PFS
of 94.7%, while those who underwent partial resection had a PFS of 77.3%, with no significant difference
(p = 0.071). However, when stratified by cord-sac ratio, PFS rates were 100% for < 0.3, 92.7% for
0.3-0.5, and 50% for > 0.5, demonstrating statistical significance (p = 0.002).

Conclusion: The long-term outcomes of spinal lipoma patients who underwent surgery at King Chul-
alongkorn Memorial Hospital showed a PFS rate of 84.1%. The cord-sac ratio was the only significant factor

associated with an increased risk of developing TCS.

Keywords: Spinal lipoma, Tethered cord syndrome, Long-tern outcome, Progression-free survival,
Cord-sac ratio
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msﬁﬂmﬁﬁﬁﬂm Progression free survival
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Kaplan-Meier method Wae Log-rank test

wan1sfAnuy (Result)

3.1 Preoperative and Early postoperative status

InMsnUMIUnTsEIsudLEeu fusney
2546 89 fugeu 2566 931 20 U lanauuseans
Wanua 133 578 ﬁﬂﬂaaﬁmwfﬁwmmsﬁmiﬁ’mﬁaﬂiu
MsAnwIvLR 69 18 WumAme 32 AU A
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AuAgteaiungue1nsdu 8 au lén VACTERL
2 919, anorectal malformation 2 $1¢ LLazﬂﬁjm
AuAnUNABY IeuA OIS, cloacal extrophy, hip
dysplasia, caudal regression syndrome o&19a%
1518 dnsuUsennves spinal lipoma Usenausig
dorsal, transitional, chaotic, WLag terminal type
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45 518 H01NSHAUNG 24 978 Usenausie motor
weakness 5888z 18.8 sensory deficit S8ay 10.1
urological deficit Sepag 27.5 (M157471 1)

Uszannuas spinal lipoma lunsdneniileuds
aonsdiu 4 Usvinv mu classification 189 Pang 1nel
Tunsnuniliangu fatty filum Adudiumisves
terminal type aonlu a1ndtae 69 aw 1l dorsal
type 4 AU (5.8%) transitional type 28 Ay (40.6%)
chaotic type 18 AU (26.1%) Lag terminal type 19
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d93U extent of resection wusladu com-
plete %38 near total resection Sovay 30.2 Lag

subtotal resection 5eway 69.8 wagludIuvad cord-

v A a

sac ratio Ma9ANHIFRIALRAYRYN 0.45 + 0.15

Y

o Y &
M1379N 1 ﬂ@ﬁaw%iﬁ%ﬂaﬂﬂiz?ﬁﬂi

wazlunsAnwilnMzunINgounaIaINAITHIAALAR
Fulugthe 5 518 Anlufesas 7.2 unausn 1 578
cerebrospinal fluid leakage 2 18 Uan@nite 1 518

wazfnalumaiudaaiy 1 578 (157199 1)

Characteristics Value
Demographics
Sex (%)
Male 32 (46.4)
Female 37 (53.6)
Age, months
Range (Min-Max) 1-180
Mean (SD) 25.23 (38)
Associated syndromes (%) 8 (11.6)
VACTERL 2 (2.9)
Others 6 (8.7)
Type of Lipoma (%)
Dorsal 4 (5.8)
Transitional 28 (40.6)
Chaotic 18 (26.1)
Terminal 19 (27.5)
Clinical Presentation (%)
Symptomatic 24 (34.8)
Asymptomatic 45 (65.2)
Cutaneous manifestations (%) 63 (91.3)
Mass 57 (82.6)
Skin dimple 9 (13)
Skin tag 3 (4.4)
Neurological Presentations (%)
Motor weakness 13 (18.8)
Sensory deficit 7 (10.1)
Urological deficit (%) 19 (27.5)
Extent of Resection (%)
Complete/Neartotal resection 19 (30.2)
Subtotal resection 44 (69.8)
Cord-Sac ratio
Range (Min-Max) 0.2 - 0.79
Mean * SD 0.45 +£0.15
Complications (%) 5(7.2)
Wound complications 1(1.4)
CSF leak 2 (2.9)
Others 2 (2.9)
Follow up duration, years
Range (Min-Max) 2-20
Mean = SD 9.6 £ 4.7
Retethering (%) 11 (15.9
Duration to retethering, years
Mean = SD 8.6 +4.4
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§151971 2 Early postoperative status 31NATSARAINAITSAB 1WA 6 LHBWLINHRAINTITHIAR

Early postoperative status Stable Improved Worsened
Postoperative Neurological status (%) 65 (94.2) 2 (2.9) 2 (2.9)
Postoperative urological status (%) 63 (91.3) 0 6 (8.7)

3.2 Retethering-free survival analysis

Tunsnuedsilafinisutsndudesiiiensiou
Weudnsnsianaueinisdudssamlvdundagn
e¥q Tnerumsiinsensadnge Kaplan-Meier
way Log-rank test wansliifiuinannis 69 5o 3
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I wawdl PFS 91 19 U oefi 84.1% Iug’{ﬂ’mﬁ'lﬁﬂmi
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dwsunguiseuiisu cord-sac ratio bAdN13
wiangueonidu 3 nau euA cord-sac ratio < 0.3,
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Long-term Outcomes and Complications of Multilevel ACDF,
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Abstract

Objective: To compare the clinical outcomes, radiological parameters, and complication incidence
of patients who underwent anterior cervical discectomy and fusion (ACDF) to prove our hypothesis that
multilevel ACDF did not have higher rate of complication than single level or 2-level ACDF.

Methods: We conducted a retrospective review of 82 consecutive patients who underwent ACDF for
treatment of cervical spondylosis at Neurological Institute of Thailand in 10 years (2006 - 201 5) by single
surgeon. Patients were divided into 3 group (1-level, 2-level and 3 or 4 level ACDF). The clinical courses,
fusion rate, postoperative complications, and radiographical adjacent-level changes regarding each group
were evaluated.

Results: There is no statistical difference in restoration of cervical lordosis, and incidence of post-
operative early and late complications between 1 -level ACDF, 2-level ACDF and 3 or 4-level ACDF groups
(P > 0.05). The 3 or 4-level ACDF group had more bleeding (P = 0.000) and longer length of stay in
hospital (p = 0.002), with no clinically significant. Subgroup analysis of 3-level ACDF and 4-level ACDF
had no statistical differences in all categories.

Conclusion: This study showed that result of multilevel ACDF was not different from 1 or 2-level ACDF
in all outcome parameters. Compared to previous systematic review of posterior approach, this study does
not show different results and complications. Multilevel ACDF had no higher risk of surgery in comparison
to 1 or 2-level ACDF.

Key words: ACDF, multilevel ACDF, single-level ACDF, anterior cervical discectomy and fusion,
Long-term outcomes, complications
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Introduction

Cervical spondylotic myelopathy (CSM) and
radiculopathy are common causes of neurological
dysfunction. These conditions are frequently pre-
sented in adult and old age groups. The onset of
CSMis typically remarked by fine motor dysfunction
and decreased hand dexterity, as well as worsening
gait and balance."”

First introduced by Smith, Robinson, and
Cloward in 1958, anterior cervical discectomy and
fusion (ACDF) is currently one of the most com-
monly performed procedure in the cervical spine.
Usually, it is reserved for patients with myelopathy
and/or intractable radiculopathy secondary to age-
related degeneration.’

Anterior cervical fusion is shown to be a suc-
cessful and often preferred treatment option in the
surgical management of cervical radiculopathy and
CSM.> ACDF most commonly addresses single- or
two-level disease. Three-level and four-level ACDF,
however, are less common and there are limited
data regarding their clinical outcomes, particularly
for 4-level ACDF.*

There is a concern about high rates of compli-
cations and pseudarthrosis with multilevel ACDF.
The purpose of this study is to compare surgical
complications, short-term and long-term outcomes
of patients with cervical spondylosis or herni-
ated nucleus pulposus both single and multilevel
who underwent ACDF at Neurological Institute of

Thailand in 10 years (2006 — 2015).

Methods

Following institutional review board approval,

a retrospective review of clinical and operative
notes was performed to identify all neurosurgical
patients who underwent an ACDF at a Neurologi-
cal Institute of Thailand (NIT) by a single surgeon
(T. Tangviriyapaiboon) between 2006 and 2015.

The patients older than 18 years underwent
ACDF for treatment of cervical spondylosis were
enrolled. Patients with a history of previous cervi-
cal spine surgery (n = 9), less than 6 months of
follow-up (n = 5), patients underwent ACDF fol-
lowing trauma, tumor resection, or primary spinal
infections as well as patients who experienced
combined (anterior/posterior) approaches, were
excluded from this study. Patient with incomplete
document or imaging were also precluded. (n = 40)
(Figure 1)

Patient data including age, sex, comorbidities,
presenting symptoms and degree of neck pain mea-
sured by visual analog scale (VAS) pain score were
collected from clinical notes. The intraoperative
data, including discectomy levels, type of bone
graft, and estimated blood loss, were gathered
from the operative notes.

Outcomes consisted of perioperative compli-
cations, need for surgical revision due to pseudar-
throsis or adjacent segment disease (ASD), symp-
toms and last follow up pain score were evaluated.
Outcome variables were obtained from clinical
documents at the last available follow-up.

No funds were received in support of this
work. No benefits in any form have been or will be
received from a commercial party related directly

or indirectly to the subject of this research.
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Anterior cervical approach in NIT
(n=174)

Excluded incomplete information
(n =40)

Exclusion criteria
(n=52)

Figure 1 Patient selection flowchart showing the final cohort of 82 patients who underwent ACDF.

Figure 2 Intraoperative view of 3-level ACDF

Operative technique

Patient was placed in supine position. Neck was
hyperextended and shoulder was gently distracted
down if lower cervical level was affected (Figure

2A). Skin incision was marked under fluoroscopic

guidance (Figure 2B). We preferred to operate on
the right of the neck in all patients (Figure 2C). Skin
incision is usually performed in transverse cervi-
cal fashion, except in patient who had multilevel

disease or high vertebral height; incision was done
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by longitudinal incision parallel to medial side of
sternocleidomastoid muscle (SCM). Subcutaneous
fat was undermined in all direction and bleeding
was carefully checked. Platysma was opened in
transverse fashion at midline to medial head of
SCM (Figure 2D). Avascular plane was identified and
dissected with Metzenbaum’s scissor until prever-
tebral fascia was identified. Prevertebral fascia was
sharply opened. Longus colli was dissected later-
ally to expose lateral cervical uncovertebral joint
bilaterally. Cervical self-retraining retractors were
applied (Figure 2E), then fluoroscope was used to
identify level of surgery (Figure 2F). Discectomy was

done under microscope until both uncovertebral

joints was seen and dura was freely identified level
by level (Figure 3G). In term of fusion, either iliac
bone graft or PEEK (Polyetheretherketone) was
used (Figure 3H). Anterior plate fixation was per-
formed in all cases with more than 2 level ACDF,
butin 1 or 2 level ACDF, stand-alone PEEK maybe
used in patients who not required reduction. After
plate-screw system was placed, fluoroscope was
used for instrumental adjustment (Figure 3I-J).
Bleeding was checked and stopped. Vacuum drain
was not inserted in all cases. Platysma and subcuta-
neous tissue were sutured with Vicryl 3-0. Skin was
closed by subcuticular stitches and sterile strip was

placed.

Figure 3 Intra operative view of 3-level ACDF (cont.)
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Table 1 Demographic data
Data 1-level: N = 35 2-level: N=27 > 2-level: N=20 p Value
Age (Median) 54 (26-75) 53 (35-75) 56 (40-76) 0.286
Sex
Male (%) 19 (54.3) 9 (33.3) 6 (30.0) 0.123
Underlying disease (%)
DM 6(17.1) 5(18.5) 5 (25.0) 0.769
HT 15 (42.9) 8 (29.6) 14 (70.) 0.021
AF 0 (0) 1(3.7) 1(5.0) 0.326
Asthma 2 (5.7) 2 (7.4) 3(15.0) 0.530
Anxiety 1(2.9) 1(3.7) 0 (0) 1.000
Old CVA 1(2.9) 1(3.7) 2 (10.0) 0.556
Other 11 (31.4) 4 (14.8) 8 (40.0) 0.138
Level
C2-3 (%) 0 0 0
C3-4 (%) 11.40 18.50 60.00 0.000
C4-5 (%) 2.90 55.60 100 0.000
C5-6 (%) 57.10 81.50 100 0.001
C6-7 (%) 28.60 44.40 70 0.012
C7-T1 (%) 0 0 0
Current Smoking (%) 5(14.3) 3(11.1) 2 (10.0) 0.738
Drug Abuse (%) 0 0 0
Current Alcohol user (%) 5(14.3) 5(18.5) 2 (10.0) 0.791
Main clinical (%) 0.193
Myelopathy 15 (42.9) 17 (63) 14 (70)
Radiculopathy 19 (54.3) 9(33.3) 6 (30)
Neck pain 1/2.9% 1(3.7) 0 (0)
Follow up time (years) (Median) 4 (2-6) 3 (1-5) 3 (1-5) 0.635

DM = Diabetes mellitus type |l

HT = Hypertension

AF = Atrial fibrillation

Statistical Analysis

Patient variables are presented as the median
where applicable. Binary outcomes were compared
using chi-square tests while continuous variables
were compared using Fisher’s exact test and paired
samples test. Statistical analyses were performed
using Microsoft access and SPSS. A p value < 0.05

was defined as statistically significant.

CVA = Cerebrovascular accident

Results

Demographics

A total of 174 ACDF were performed in our
institution during 2006-2015. Eighty-two cases met
our inclusion and exclusion criteria, with 35 cases
underwent single level ACDF, 27 cases underwent

2-level ACDF and 20 cases underwent more than
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2-level ACDF (Figure 1). There is no difference in pa-
tient’s demographic data, except hypertension that
was found to be a significant comorbid in > 2-level
ACDF group compared with other groups. Cervical
myelopathy was the main presenting symptom in
multilevel ACDF patients, while radiculopathy was
the major presenting symptom in single level group,
but there was no statistical difference among these
groups.

This study found that C5-6 (100% in > 2-level,
81.5% in 2-level, 57.1% in 1-level) was the most
affected segment followed by C4-5, C6-7 and C3-4
in orderly (Table 1). A significantly higher propor-
tion of patient in > 2-level group (100%,70%,60%)
required surgery at C4-5, C6-7 and C3-4 respective-
ly. Neither C 2-3 nor C7-T1 segment was involved

in any group.

Table 2 Operative data

Comparison of Perioperative outcomes

In the study, the bony fusion was usually
performed using PEEK (Polyetheretherketone) with
or without anterior plate fixation. Autologous bone
grafts harvested from anterior iliac crest were used
as much as 22.9%, 33.3% and 45% in 1-level,
2-level and >2-level group, respectively. Operative
time was increased according to increased num-
ber of operative levels (Table 2). Blood loss was
increased significantly in > 2-level ACDF but any
of patient in all groups have an anemic symptom
or need for blood transfusion. Length of stay in
> 2-level ACDF group (5.5 days) was longer than
other groups (4 days). Delta Cobb angle in all group

was not significantly changed.

Group 1-level 2-level > 2-level p Value

Graft

Autologous bone (%) 8(22.9) 9 (33.3) 9 (45.0) 0.231
Operative time (Minute)* 120 (70-240) 165 (100-300) 226 (151-325) 0.000
EBL (mU)* 20 (5-150) 40 (10-160) 125 (30-700) 0.000
LOS (day)* 4 (2-16) 4 (2-19) 5.5 (4-26) 0.002
Delta Cobb angle (degree)* -3.37 -4.148 -2.65 0.646
* = Median

Delta Cobb angle = Immediate post-operative Cobb angle — Pre-operative Cobb angle

Early Complications

There is no patient in our study had neuro-
logical decline, surgical revision, or deep venous
thrombosis (Table 3). Dysphagia was the most fre-
quent complication in all groups (25.7%,33.3%,40%

respectively), but no statistically significant among

them. Dysphonia was detected mostly in single
level group (17.1%) but there was no statistical
significance comparing with other groups. One pa-
tient in single level ACDF group was re-admitted
due to urinary tract infection and was treated with

antibiotics for 1 week. Wound complication was
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found in 3 patients, all of them were a superficial was fully conscious, was evaluated and recorded
wound dehiscence and were treated with wound in VAS score. In all groups, there was no difference
dressing until primary closure as out-patient cases. in post-operative pain at early period and before

In term of post-operative pain, when patient patients were discharged from hospital.

Table 3 Early post-Operative complications

Dysphagia (%) 9 (25.7) 9 (33.3) 8 (40.0) 0.536
Dysphonia (%) 6(17.1) 4(14.8) 2(10.0) 0.922
Wound complication (%) 2(5.7) 0(0.0) 1 (5.0) 0.466
Neurological decline 0 0 0
Revision 0 0 0
Readmission (%) 1(2.9) 0 0 1.000
DVT 0 0 0
VAS immediate 4(1-8) 4 (2-8) 4.5 (2-8) 0.862
VAS at DC date 2 (1-2) 2 (0-5) 2 (0-4) 0.169

DVT = Deep vein thrombosis
VAS = Visual analog scale

Table 4 Late postoperative complications

Dysphagia 0 0 0

Dysphonia (%) 2(5.7) 1(3.7) 0(0) 0.787
Pseudarthrosis (%) 1(2.9) 1(3.7) 0 (0) 1.000
Instrument failure 0 0 0

Adjacent level 4(11.4) 2(7.4) 2(10.0) 0.898
VAS Neck pain 1 (0-5) 1(0-3) 1(0-3) 0.489
VAS Radicular pain 1(0-4) 0 (0-5) 0 (0-3) 0.155
Delta cobb angle -5.371 -1.815 4.45 0.131

Delta Cobb angle = Last follow up Cobb angle - Pre-operative Cobb angle
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Late Complications

The median follow-up time was 4 years in
single level group, 3 years in 2-level group and 3
years in > 2 group, respectively (p-value = 0.635)
(Table 1). There was no long-term complications
of dysphasgia or instrumental failure. Prolonged
dysphonia was found in 3 patients, 2 in single level
ACDF group and 1 in 2-level ACDF group (Table 4).
Pseudarthrosis was seen 1 in single level group
and 1 in 2-level group. Adjacent segment disease
was found in all groups; 4,2 and 2 patients in each
group, respectively, without statistical significance
(p = 0.898), Extended ACDF procedures were per-
formed in 2 patients with adjacent segment disease
in single level group at 2 years after first surgery
and 1 patient in 2-level group at 3 years after first
surgery. The others were improved by conservative

management.

There was no statistical significance in both
long-term post-operative axial neck pain and ra-
dicular pain among 3 groups. Nearly all patients
reported no pain (VAS = 0) or minimal intermittent
pain (VAS = 1). Postoperative follow-up dynamic
imaging was performed in all cases. The cobb
angle of latest follow-up imaging was compared
with immediate postoperative imaging. Progressive
kyphosis was found in group of > 2-level ACDF (4.45
degree in 3 year follow up) more than other group,

but without statistical significance (p = 0.131).

Subgroup Analysis

In subgroup analysis of > 2 level ACDF group,
14 patients underwent 3-level ACDF and 6 patients
in d-level ACDF. In term of complications of surgery,
both early and late complications in all categories

were not significantly different. (Table 5)

Table 5 Early and Late post-Operative complications in 3-level and 4-level ACDF

Group 3-level (14) 4-level (6) p-Value

Early complications

Dysphagia (%) 4 (28.6) 4 (66.7) 0.161

Dysphonia (%) 2 (14.3) 0 (0) 1.000

Wound complication (%) 1(7.1) 0(0) 1.000

Neurological decline 0 0

Revision 0 0

Readmission 0 0

DVT 0 0

VAS immediate 4 (2-8) 5(2-8) 0.673

VAS at DC date 2 (1-3) 2 (1-3) 0.760
Late complications

Late Dysphagia 0 0

Late Dysphonia 0 0

Pseudarthrosis 0 0

Instrument failure 0 0

Adjacent level (%) 2(14.3) 0 (0) 1.000

Late VAS Neck pain 1 (0-3) 1.5(0-2) 0.794

Late VAS Radicular pain 0 (0-3) 0 (0-3) 0.507
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Discussion

ACDF is a common procedure in neurosurgery
and is the gold standard treatment for single level
cervical HNP, but in multilevel disease, it has con-
troversy whether anterior or posterior approach has
better result and less complications. At Neurologi-
cal Institute of Thailand, ACDF is the procedure of
choice in multilevel HNP with both myelopathy
and radiculopathy. This research is retrospective
study of patients underwent ACDF and followed up
by our senior author (T. Tangviriyapaiboon), during
2006 - 2015.

This study was focus on both early and late
post-operative complications between single level
ACDF, 2-level ACDF and > 2-level ACDF groups. To
the best of our knowledge, this study is the very
first article in Thailand that focus on clinical result
among these groups of patients.

There was no statistically significant difference
in demographic data among 3 groups except under-
lying hypertension, which was higher in > 2-level
ACDF. C5-6 disc was the most affected level in
all groups, followed by C6-7, C4-5 and C3-4 level
respectively.

Intraoperative blood loss and operative time
were significantly increased correlated with number
of operative levels. However, the clinical was simi-
lar in the aspect of blood transfusion and anemic
symptom after surgery. Length of hospital stay was
extended in multilevel ACDF for additional 1.5 day
compared with single level or 2-level ACDF.

All groups have no difference in early and late
complications, implied that number of levels was
not associated with early or late complications in
this study (Dysphagia, Dysphonia, Pseudarthrosis
and adjacent level spondylosis). Instrument failure

and re-operation were not seen in all groups.

In Yang Liu’s’ study of surgical management
of multilevel CSM, dysphagia was presented in
ACDF 11.6%, Anterior cervical corpectomy and
fusion (ACCF) 10.3% and Anterior cervical corpec-
tomy/discectomy and fusion (hybrid) 9.7%, which
was significantly higher comparing with our study.
Hoarseness was found in 4.3% in ACDF group of
Yang Liu’s study and 1.8 — 3.8% in Craig Kilburg’s
study® compare with 0% of this study. In a system-
atic review of CSM published in 2013 by Lawrence
et all, pseudarthrosis was higher in multilevel ACDF
group than posterior approach (4-17%). However,
pseudarthrosis was not seen in all groups in our
study. In term of neurological decline, especially
C5 palsy was not found in our study but commonly
found in posterior approach (3.7%)’ (7.1 — 10.2%)".

In subgroup analysis of > 2-level ACDF showed
that 3-level and 4-level ACDF was not difference
in both results and complications.

Limitations of this retrospective study were
incomplete patient information leading to small
number of collected data and all surgical proce-
dures performed by only one spine surgeon that
has experience in this type of surgery more than

10 years.

Conclusion

Multilevel cervical spondylosis has variety in
choice of treatment include ACDF, ACCF, hybrid
and posterior approach. This study was shown that
result of multilevel ACDF was not difference to 1 or
2 level ACDF in all outcome parameters. Compared
with systematic review of posterior approach, this
study was not difference to all results. Multilevel
ACDF had no higher risk of surgery in terms of
neurological complications and instrument failure,

compared with 1 or 2-level ACDF.
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Abstract

Background: External ventricular drainage (EVD) is a temporary management in patients
with acute obstructive hydrocephalus from various causes. However, prolonged EVD placement is
associated with significant risk of EVD-associated complications. To mitigate these risks and expedite
the weaning process, a rapid external ventricular drainage weaning protocol has been proposed as
a potential solution. This research aims to evaluate the efficacy of such a weaning protocol in preventing
EVD-associated complications and improving patient outcomes.

Methods: Between January 2020 and December 2023, a prospective cohort study was conducted
in patients who underwent EVD placement. The rapid EVD weaning protocol was assigned in the cohort
group. The rate of EVD-associated complications was compared to the historical control group.

Results: Sixty patients were divided into rapid or gradual EVD-weaning groups (n = 30 each).
EVD-related infection and complications occurred in 3.3% vs 10%; p=0.612 and 23.3% and 40.0%:
p=0.258 in the rapid and gradual groups, respectively. Secondary outcomes—VP shunt rate,
hospital length of stay, ICU stay, and EVD duration—did not differ significantly between groups. Only
EVD-weaning duration was shorter with rapid weaning (4.4 vs 7.61 days; p=0.002).

Conclusion: The results indicate that rapid EVD weaning may shorten the weaning process
without adversely affecting clinical outcomes or increasing complication rates. Confirmation in larger,

adequately powered studies with extended follow-up is needed to define its role in neurocritical care.
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Introduction

External ventricular drainage (EVD) is a standard
intervention for the management of acute neurosurgical
conditions, including obstructive hydrocephalus,
aneurysmal subarachnoid hemorrhage (SAH),
intraventricular hemorrhage (IVH) or traumatic
brain injury (TBI). Although effective for intracranial
pressure (ICP) control and cerebrospinal fluid (CSF)
diversion, prolonged EVD placement increases the
risk of complications—including EVD-related infec-
tion and EVD-related complications (CSF leakage,
occlusion, displacement, and overdrainage) —which
may extend hospitalization, escalate healthcare
costs, and worsen clinical outcomes.’

Following resolution of the primary indication
for EVD placement, the catheter should be weaned
and removed as early as feasible, as the risk of
ventriculostomy-associated infection (meningitis/
ventriculitis) and other complications increase with
dwell time.”” To mitigate these risks and improve
outcomes, rapid EVD-weaning protocols have been
adopted to facilitate timely catheter removal,
thereby reducing dwell time and associated
complications.

This study aims to investigate the efficacy of
a rapid EVD weaning protocol in reducing EVD-
associated complications compared with standard
(gradual) weaning. By comparing patient outcomes
across protocols, thereby delineating the clinical

utility of structured EVD weaning strategies.

Materials and Methods
Patient population
This prospective cohort study was conducted
in the neurosurgical critical care unit of a tertiary
referral hospital. The protocol was approved by

the Research Ethics Committee of Chiang Mai

University Hospital (Study code: SUR-256408108).
Adults (=18 years) treated between January 2020
and December 2023 were included in the rapid
EVD-weaning cohort if they met all of the following
criteria: diagnosis of acute obstructive hydroceph-
alus; placement of an external ventricular drain
(EVD); no history of prior brain surgery; and no clin-
ical evidence of central nervous system infection.
A matched historical control cohort managed with
gradual EVD weaning was constructed by matching

on age, diagnosis, and Glasgow Coma Scale score

Intervention

The rapid EVD-weaning protocol entailed im-
mediate clamping with continuous ICP monitor-
ing once the indication for EVD placement had
resolved, as determined by senior neurosurgical
staff. If ICP exceeded 20 mm Hg for more than
5 minutes, the EVD was opened at 10 cm above
the external acoustic meatus (EAM) for 5 minutes
or until 10 mL of CSF had drained, whichever oc-
curred first. A maximum of three releases per day
was permitted; if additional releases were required,
continuous drainage at 10 cm above the EAM was
maintained until the following day. The protocol
was implemented as individualized 2- or 5-day
plans. At completion, a head CT was obtained to
exclude hydrocephalus.

In contrast, the gradual EVD-weaning protocol
consisted of stepwise elevation of the drainage
height in 5-cm increments to 20 cm above the
EAM, followed by clamp trials with ICP monitoring
to assess readiness for removal. Decisions to con-
tinue or discontinue the EVD were based on clini-
cal judgment, with head CT obtained selectively to

confirm suitability for removal. (Table 1)
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Table 1 A comparison between the rapid and gradual EVD weaning protocol.

Rapid EVD weaning

Immediate clamping of EVD

If ICP > 20 mmHg for more than 5 minutes, the EVD
is released for 5 minutes at a level 10 cm above
the EAM or if drainage > 10 ml.

If released exceeded 3 times/day, continuous

releasing was carried out.

Tailored to each patient, the rapid EVD weaning
protocol encompassed 2 and 5-day plans, if the

weaning failed, VP shunt was indicated.

Data Collection and Statistical Analysis

General demographic characteristics, primary
diagnoses, and outcomes—including EVD-related
complication rates (which include CSF leakage,
occlusion, displacement, and overdrainage), hos-
pital and ICU length of stay, shunt placement rate,
EVD dwell time, and EVD weaning duration—were
collected. Medical records were systematically re-
viewed on an individual basis to ensure data ac-
curacy and appropriate matching of demograph-
ic variables. Analyses were performed using Stata
version 16, with statistical significance defined as
two-sided p<0.05. Baseline characteristics were
summarized using descriptive statistics: categori-
cal variables as counts (percentages) and contin-
uous variables as mean+SD for normally distribut-
ed data or median (interquartile range) otherwise.
Between-group differences were assessed using
Student’s t test or Wilcoxon rank-sum test for con-
tinuous variables and the chi-square test for cate-

gorical variables.

Gradual EVD weaning

Progressive increase in drainage levels at 5 cm

intervals until reaching a level 20 cm above the EAM.

Clamping was initiated for ICP monitoring and de-
cision regarding EVD discontinuation or VP shunt
were relied upon clinical judgment and expert

opinions.

Results
Baseline characteristics
Sixty patients were enrolled, comprising 30
in the rapid EVD-weaning group and 30 matched
controls. The groups were comparable at baseline,
with no significant differences in age, sex, admis-
sion Glasgow coma score, or indication for EVD

placement. (Table 2)

Outcomes

The primary outcome were the rates of EVD-
related infection and EVD-related complications.
EVD-related infection occurred in 1/30 patients
(3.3%) in the rapid-weaning group and 3/30 (10.0%)
in the gradual-weaning group; the difference was
not statistically significant (p=0.612). EVD-relat-
ed complications occurred in 7/30 (23.3%) versus
12/30 (40.0%), respectively, also without a signifi-
cant difference (p = 0.258).

Secondary outcomes included VP shunt place-
ment, hospital and ICU length of stay, total EVD

dwell time, and EVD weaning duration. Hospital
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Table 2 Baseline characteristics of the patients in both group.

Parameters Rapid EVD weaning Gradual EVD p-value
Group weaning group
(N=30) (N=30)
Age (years), Mean (+SD) 57.97 (15.97) 59.10 (15.08) 0.779
Sex, N(%)
Male 10 (33.3) 12 (40.0) 0.789
Female 20 (66.7) 18 (60.0)
GCS Admission Mean (+SD) 7.79 (2.67) 7.80 (2.77) 0.969
Indication for EVD placement, N(%)
Ruptured intracranial aneurysm 12 (40.0) 13 (43.3) 0.885
Hemorrhagic stroke 4(13.3) 5(16.7)
Brain tumor 14 (46.7) 12 (40.0)

and ICU length of stay and EVD dwell time did not
differ significantly between groups. EVD weaning
duration was significantly shorter in the rapid-
weaning group (4.40 vs 7.61 days; p=0.002). VP
shunt rates were equal in both groups (23.3% vs
23.3%; p=1.00). (Table 3)

Discussion

An external ventricular drain (EVD) is a valuable
intervention for neurosurgical patients with acute
obstructive  hydrocephalus arising from  various
etiologies, particularly brain tumors and hemorrhagic
stroke (SAH or IVH). It is also indicated in traumatic
brain injury patients who require intracranial pressure
monitoring. However, prolonged EVD placement
may result in adverse events, notably EVD-related
infection and complications.”” Efforts to reduce
these risks are highly valuable, particularly in
resource-limited settings. In a study by Poblete
et al., the EVD-related infection rate among
patients with aneurysmal SAH was 7.3%, with an
associated mortality rate of 19.8%.6 Holloway et al.

demonstrated a positive association between

EVD dwell time and infection risk, which increased
over the first 10 days, leading to recommendations
for removing EVD catheters as soon as clinically
feasible.’

There is no consensus on a standard EVD
weaning protocol, and practice frequently depends
on individual clinician preference. Several groups
have proposed rapid weaning protocols with

variable efficacy.® "

Although prior studies have
explored rapid weaning, our protocol is uniquely
tailored to local clinical practices and resource
constraints, and provides a reproducible framework
for low-resource settings. In our study, the EVD-
related infection rate was lower in the rapid weaning
group compared with the gradual weaning group
(3.3% vs 10.0%; p = 0.612), although this difference
was not statistically significant, the lower infection
rate in the rapid weaning group may be due to
reduced EVD exposure time. This finding is
consistent with results from Rao et al., who reported
infection rates of 1.3% versus 8.8% (p = 0.315) for
rapid versus gradual weaning, respectively. Although

the overall rate of EVD-related complications



71581sUs=anAagnansing
0A 16 aUUA 4 garnu -8UAY 2568

117

Table 3 A comparison of outcomes between the rapid and gradual EVD weaning protocol.

Rapid EVD weaning

Gradual EVD

p-value

protocol weaning protocol
(N=30) (N=30)
EVD-related infection, N(%) 0.612
Yes 1(3.3) 3 (10.0)
No 29 (96.7) 27 (90.0)
EVD-related complication, N(%)
Yes 7 (23.3) 12 (40.0) 0.258
No 23 (76.7) 18 (60.0)
Length of hospital stay (day) (+SD) 21.34 (3.97) 25.86 (4.53) 0.188
ICU stay (day) (+SD) 16.50 (5.52) 15.30 (6.28) 0.718
Total EVD dwell time (day) (+SD) 12.45 (4.43) 12.36 (4.97) 0.899
EVD weaning duration (day) (+SD) 4.40 (2.26) 7.61(3.81) 0.002
Rate of VP shunt, N(%) 7 (23.3) 7 (23.3) 1.000

*p <0.05

did not differ significantly between the groups
(23.3% vs 40.0%; p = 0.258), subgroup observation
suggested higher frequencies of cerebrospinal
fluid leakage and catheter occlusion in the gradual
weaning group. These trends warrant further inves-
tigation.

Prior studies have reported that rapid weaning
is associated with shorter hospital and ICU lengths
of stay and reduced mean EVD dwell time. In
our cohort, however, none of these outcomes
differed significantly between groups. Consistent

“' the EVD weaning interval

with previous study
was significantly shorter with rapid weaning (4.40
vs 7.61 days; p = 0.002). Some studies have also
reported lower ventriculoperitoneal (VP) shunt
placement rates with rapid weaning'"", whereas
we observed no between-group difference. Taken
together, these findings suggest that strict imple-

mentation of a rapid-weaning protocol may reduce

healthcare provider workload, minimize invasive
monitoring, and lower healthcare costs without
increasing the risk of clinical deterioration.

This study has several limitations. First, the
relatively small sample size reduced the statistical
power to detect between-group differences.
Second, heterogeneity in the primary indications
for EVD placement, peri- and postoperative care,
and the criteria for obtaining pre-discontinuation
CT imaging between the prospectively enrolled
rapid-weaning cohort and the historical control
group may have introduced bias. Finally, long-
term follow-up to determine the incidence of late
shunt dependence was not available. Therefore,
larger, multicenter RCTs with blinded outcome
assessment, standardized complication criteria,

and cost-effectiveness analyses are warranted.
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Conculsion
Our study found that rapid EVD weaning short-
ened the weaning period by more than 3 days
without evidence of worse outcomes compared
with gradual weaning and showed trends toward
lower infection and complication rates. Larger

studies with longer follow-up are needed to
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Abstract

Introduction

Spinal meningiomas are usually benign spinal cord tumors, representing about 25% of all spinal
tumors. Treatment options include watchful waiting and surgery, which typically removes the tumor
completely with a low recurrence risk. However, undetected recurrences can cause neurological issues,
necessitating regular MRI scans. Previous studies showed a 7-9% recurrence rate at 5 years post-
surgery, increasing to 20-25% after 10 years3. This study aims to find 5-year recurrence rate and related
factors for recurrence.

Methods

The authors conducted a single-center retrospective descriptive study in patients with spinal
meningiomas treated in Siriraj hospital from July 2006 to November 2024. Finding 5-year and overall
recurrence rate of 66 spinal meningiomas and related factors for recurrence.

Results

5-year and overall recurrence rates were 10.6% and 24.2%, respectively. The factors mostly
affected recurrence were younger age at diagnosis (esp. <45 years) and history of neurofibromatosis
type 2 (NF2). Other factors included gender, volume, location of tumor, dural tail sign, histopathological

diagnosis and intra-operative finding did not showed statistically significance for tumor recurrence.

Conclusions

The study at Siriraj Hospital shows that surgical removal of spinal meningiomas is effective but
has a significant risk of recurrence, especially in younger patients or those with NF2. Despite benign
nature of disease, our findings emphasize the importance of careful surgery and long-term follow-up.

High-risk groups may need early and more frequent investigation.

Keywords: Spinal meningioma, Recurrent meningioma, Recurrent rate, Recurrent factor, Spinal cord

tumor
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Introduction

Spinal meningioma is type of spinal cord
tumors which classified as slow-growing tumors,
and most are non-invasive. The incidence rate
of this type of tumor is low. In the United States,
it is found in approximately 0.33 people per
100,000 individuals. ‘At Siriraj Hospital, there
are 4-6 cases of this tumor per year. However,
meningiomas are the most common type among
spinal cord tumors, accounting for about 25%
of all pinal cord tumors.2 Symptoms found in
patients include weakness or numbness in specific
areas corresponding to the location of the tumor
in the spinal cord.

There are several treatment options for spinal
meningiomas, including observation in cases where
there are few neurological symptoms, as well
as surgery. Regarding surgical treatment, almost
all cases can be completely removed, and the
recurrence rate is low. However, recurrence of
the tumor can lead to neurological dysfunction.
In some cases where recurrence occurs early, no
symptoms may be detected, requiring periodic
MRI scans for monitoring. At Siriraj hospital, there
was not protocol for routine image follow-up.
Some cases were suspected recurrence by clinical
presentation before imaging.

Over the years, several studies worldwide have
been conducted on the recurrence rates of spinal
meningiomas. The recurrence rate after 5 years
post-surgery is around 7-9%, and the recurrence
rate after 10 years is about 20-25%.3 However, no
studies on recurrence rates have been conducted
in Thailand. Therefore, the researchers are interested
in studying the recurrence rate of this tumor type,
using it as a reference for recurrence rates in the
country and determining the appropriate treatments

and follow-up intervals.

For this study, “Recurrence” means recurring
of the tumor on the same dural base after surgery of
total resection (at least Simpson 2 grading) which

found by MRI after clinical presentation.

Materials and methods

Study design

The authors conducted a single-center retro-
spective descriptive study in patients with spinal
meningiomas treated in Siriraj hospital from July
2006 to November 2024. Regarding ethical issue,
this study was approved by Siriraj Institutional
Review Board (SIRB), Faculty of Medicine Siriraj
Hospital, Mahidol University, Bangkok, Thailand;
Certificate of Approval (COA) number Si 369/2024.
The patient data in the study was kept confidential

according to the Declaration of Helsinki.

Patient selection

This study included all patients with spinal me-
ningiomas, treated by surgical procedures in Siriraj
hospital with follow-up period for at least 5 years
by magnetic resonance imaging (MRI). The tumor
was diagnosed by histopathological examination.
The patients who were not followed up for at least
5 years was excluded from the study.

AWl symptomatic recurrent patients were
diagnosed by MRI and undergone surgery for

treatment.

Data collection

The collected data were described as the follows

1. Demographic characteristics included gender,
age, history of neurofibromatosis type 2 (NF2), and
presenting symptoms.

2. Tumor characteristics included volume of
tumor in milliliter (mL), site of tumor, extension of
tumor, dural tail sign, pathological diagnosis and
WHO grade of tumor.
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3. Intra-operative information included surgical
grade, dural excision and arachnoid invasion.

4. Post-surgical information included post-
surgical status, recurrence status at 5 years after
surgery, overall recurrence status, timing of recur-

rence and follow-up.

Statistical analysis

The study on spinal meningiomas focuses on
the following aspects:

1. Recurrence rate at 5 years - This will be
reported using the recurrence rate and 95% confi-
dence interval (95%Cl) to indicate the reliability of
the data.

2. Factors Related to Tumor Recurrence -
Analyzed using Univariate Analysis to identify any
significant associations.

3. Qualitative Data Factors - Includes gen-
der, NF2 status, symptoms, MRI characteristics of
the tumor, tumor location, histopathological find-
ings reported by pathologists, surgical grade, arach-
noid invasion and dural excision. These will be an-
alyzed using Chi-square test or Fisher’s Exact test,
and Kaplan-Meier method (for time to recurrence),
with results presented as percentages.

4. Quantitative Data Factors - Includes age
and tumor volume, analyzed using independent
t-test or Mann Whitney-U Test based on the ap-
propriate data distribution. Results will be reported
as means (with standard deviation) for normally
distributed data or medians (range) for non-nor-

mally distributed data.

Results
Patient characteristics
This study included 66 cases with female pre-
dominance (51 patients, 77.3%). The average age

of the patient cohort was 50.32 years, and 20

patients (30.3%) had a history of neurofiboromatosis
type 2 (NF2). Common presenting symptoms included
weakness (81.8%), paresthesia (86.4%), and pain
(25.8%).

Analysis of patient characteristics in relation to
5-year recurrence revealed that age was a signifi-
cant factor. The mean age of patients experiencing
5-year recurrence was 35 years, significantly lower
than the 52.14 years observed in the non-recur-
rence group (p = 0.014). From ROC graph of age,
about 45 (p = 0.01) is cut off age which give best
sensitivity (0.857) and specificity (about 0.7).

Gender did not demonstrate a significant
association with recurrence.

History of NF2 had significant effect to 5-year
recurrence with rate of 25% compared with 4.3%
in non-NF2 group (p = 0.023). Time to recurrence
in NF2 group were found to be earlier than in non-
NF2 group for both 5-year recurrence and overall
recurrence

Finally, the presenting symptoms, including
weakness, paresthesia, and pain, did not differ sig-
nificantly between the recurrence and non-recur-

rence groups.

Tumor characteristics

First diagnostic tumor volume was estimated
using the formula (AP diameter x coronal diameter
x craniocaudal length/ 2) and expressed in
milliliters. The mean volume was 1.69 mL. While
5-year recurrence group exhibited higher mean
tumor volume of 3.17 mL compared to 1.51 mL in
the non-recurrence group, this difference did not
reach statistical significance (p=0.212).

Tumor location was categorized by spinal level
(cervical, thoracic, or lumbar) and by quadrant
within the spinal canal (dorsal, dorsolateral, lateral,

ventral, or ventrolateral). Thoracic tumors were
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most prevalent (65.2%), followed by cervical
(30.3%) and lumbar (4.5%) tumors. Spinal level
did not correlate with recurrence (p = 0.423). In
the recurrence group, tumors were predominantly
located in the dorsolateral region (42.9%), where-
as in the non-recurrence group, they were more
commonly found in the ventrolateral region (39%).
Extension of tumor still did not affect recurrence
(p=0.384).

The majority of tumors were classified as WHO
grade 1 meningiomas (98.5%), with only one case
of WHO grade 2, atypical meningioma. Among
the WHO grade 1 tumors, subtypes included
psammomatous (34.8%), meningothelial (15.2%),
transitional (3%), and angiomatous (1.5%), while
a significant proportion remained unclassified
(43.9%). Pathological diagnosis did not influ-
ence 5-year recurrence status (p = 0.099), but
there were more ratio of psammomatous type in
recurrence group (71.4%) compared to non-

recurrence group (30.5%).

Intra- operative information

Surgical grade was categorized as total, subtotal,
or partial, based on operative notes. Total resection
was achieved in the majority of cases (86.4%),

with no statistically significant difference observed

Table 1 Overall patient demographic data

between the recurrence and non-recurrence
groups. Dural excision was performed in only
a small number, 5 cases in non-recurrence group.
No dural excision was performed in recurrence group,
but procedure did not affect recurrence (p = 0.414).
No arachnoid invasion was noted in recurrence
group, but 9 in the non-recurrence group (15.3%),
again showing no significant difference between

the groups (p = 0.58).

Post—surgical information

This study observed a 5-year recurrence rate
of 10.6% (7 out of 66 cases) and an overall recur-
rence rate of 24.2% (16 out of 66 cases). The mean
time to 5-year and overall recurrence was 3.86 and
6.81 years, respectively. Furthermore, no signifi-
cant differences were found between the groups
regarding post-surgical improvement or worsening

of symptoms.

Discussion
Our study of 66 cases in Siriraj hospital showed
a 10.6% 5-year recurrence rate, with overall recur-
rence rate of 24.2%. Mean 5-year recurrence time
is 3.86 years and overall recurrence time of 6.81
years in a mean follow-up time of 7.85 years (range

5-16 years) which revealed importance of long-

Age (yr), mean + SD; range

Gender, n (%) Male
Female

NF2 history, n (%)

Presentation, n (%)  Weakness
Paresthesia

Pain

50.32 + 17.63; 11-82
15 (22.7)
51 (77.3)
20 (30.3)
54 (81.8)
57 (86.4)
17 (25.8)
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Table 2 Tumor characteristic data

Volume (mL), mean

Gender, n (%)

Extension level, n (%)

Site of tumor, n (%)

Dural tail sign, n (%)
Histopathology, n (%)

WHO grading, n (%)

Cervical
Thoracic
Lumbar
1

2

3

a

Dorsal
Dorsolateral
Lateral
Ventral

Ventrolateral

Meningioma
Psammomatous
Meningothelial
Transitional
Angiomatous
Atypical

1

2

Table 3 Intra-operative information

Surgical grading, n (%)

Dural excision, n (%)

Total
Subtotal
Partial
Yes

No

1.69

20 (30.3)
43 (65.2)
3(4.5)
15 (22.7)
43 (65.2)
7 (10.6)
1(1.5)

7 (10.6)
13 (10.7)
9(13.6)
6 (9.1)
24 (36.4)
37 (56.1)
29 (43.9)
23 (34.8)
10 (15.2)
2(3)
1(1.5)
1(1.5)
65 (98.5)
1(1.5)

57 (86.4)
4(6.1)
2(3.0)

9 (13.6)
54 (81.8)
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Table 4 Post-operative information

Postsurgical status, n (%) Improve 58 (87.9)
Stable 4 (6.1)
Worsening 2(3.0)
Overall follow-up time (yr), mean + SD; range 7.85 + 2.80; 5-16
5-year recurrence, n (%) 7 (10.6)
Overall recurrence, n (%) 16 (24.2)
Time to 5-year recurrence (yr), mean + SD; range 3.86 + 1.07; 3-5

Time to overall recurrence (yr), mean + SD; range 6.81 + 3.53; 3-15

Table 5 5-year recurrence information

Patient demographic data

Age (yr), mean + SD 35.0 + 15.14 5214 + 17.12 0.014
Age (yr), range 12 -82 11 - 46

Age < 45 yr 6 (85.7) 19 (32.2) 0.01
Age > 45 yr 1(14.3) 40 (67.8)

Gender, n (%) Male 1(14.2) 14 (23.7) 1.00
Female 6 (85.8) 45 (76.3)

NF2 history, n (%) Yes 5(71.4) 15 (25.4) 0.023
No 2 (28.6) 44(74.6)

Tumor characteristic data

Volume (mL), mean + SD 3.17 +3.12 1.51 + 0.88 0.212
Volume (mL), range 0.72-7.72 0.06 - 3.26
Level, n (%) Cervical 2 (28.6) 18 (30.5) 0.423
Thoracic 4 (57.1) 39 (66.1)
Lumbar 1(14.3) 2(3.4)
Extension level, n (%) 1 2 (28.6) 13 (22.0) 0.384
2 5(71.4) 38 (64.4)
3 0 (0) 7(11.9)
a4 0 (0) 1(1.7)
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Table 5 5-year recurrence information (Cont.)

Site of tumor, n (%) Dorsal 0(0) 7(11.9) 0.246
Dorsolateral 3(42.9) 10 (16.9)
Lateral 1(14.3) 8 (13.6)
Ventral 0 (0) 6 (10.2)
Ventrolateral 1(14.3) 23 (39.0)
Dural tail sign, n (%) 4(57.1) 33 (55.9) 1.00
WHO grading, n (%) 1 7 (100) 58 (98.3) 0.729
2 0 (0) 1(1.7)
Histopathology, n (%) Meningioma 1(14.3) 28 (47.5) 0.099
Psammomatous 5(71.4) 18 (30.5)
Meningothelial 0 (0) 10 (16.9)
Transitional 1(14.3) 1(1.7)
Angiomatous 0 (0) 1(1.7)
Atypical 0 (0) 1(1.7)

Intra-operative information

Dural excision, n (%) Yes 0(0) 5(8.5) 0.414
No 7 (100) 52 (88.1)

Plain of tumor, n (%) Good 7 (100) 47 (79.7) 0.58
Poor 0(0) 9(15.3)

Consistency, n (%) Hard 1(14.2) 5(8.5)
Firm 0 (0) 13 (22.0)
Soft 3(42.9) 20 (33.9)

Overall follow-up time (yr), mean + SD 9.56 + 3.65 7.30 £ 2.25 0.004

Table 6 Correlation of NF2 and recurrence

Age (yr), mean + SD 33.05 + 15.12 57.83 + 12.75 <0.001
Time to 5-year recurrence (yr), mean + SD 3.4 + 0.89 50+ 0 0.016
Time to overall recurrence (yr), mean + SD 5.57 + 3.78 7.78 + 3.19 0.22
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Figure 3 Overall recurrence-free graph

term observation. Recurrences were significantly
associated with younger age (<45 years, p=0.01)
and presence of neurofibromatosis type 2 (NF2,
p=0.023), but not with sex, surgical grade, tumor
location, dural tail sign, tumor extension, or histo-
pathologic subtype. Most tumors were WHO grade |,
with the exception of one atypical WHO grade |l
case, which did not recur. The grade | tumors
primarily included psammomatous (34.8%) and
meningothelial (15.2%) subtypes, with all recurrences

occurring in this grade.

Recurrence Rates and the Importance of Long-Term
Follow-Up

Our study reveals that while the 5-year recur-
rence rate for spinal meningiomas is about 10%,
the rate increases to 24.2% with longer follow-up,
highlighting the tumors’ indolent yet persistent
risk. Historically, recurrence rates reported for
spinal meningiomas have varied widely, from

around 1% to about 20%*', depending on the

15 20

different factors. A recent systematic review by
Kwee et al. reported recurrence rates ranging from
0% to 25% and suggested that studies with shorter
follow-up likely underestimate the true recurrence
risk.” Our data supports this; our 5-year recurrence
10.6%, but extended

revealed a rate more than double. Notably, one

rate  was surveillance
patient experienced recurrence 15 years postop-
eratively, underscoring the potential for late recur-
rence. Mirimanoff et al. also observed a decrease
in recurrence-free survival from 93% at 5 years to
68% at 15 years post-gross-total resection.” Our data,
which mostly included Simpson grade |-l resections,
suggests that long-term follow-up is essential to

monitor the recurrence.

Risk Factors for Recurrence

Age: In our study, younger patient age (<45
years) was a significant predictor of recurrence,
with these patients showing a higher recurrence
likelihood (p=0.01). This aligns with global findings,



71581sUs=anAagnansing
UA 16 aUUA 4 gatay -8UAL 2568

129

such as those by Cohen-Gadol et al., who reported
that patients under 50 had a 22% recurrence rate,
markedly higher than the 5% seen in older patients.’
Notably, our younger patients often had neurofi-
bromatosis type 2 (NF2), factors that contribute to
the increased recurrence risk. These observations
suggest that younger age may serve as an indica-
tor of genetic or anatomical predispositions that
enhance recurrence risks. Clinically, this indicates
that even “benign” spinal meningiomas in younger
patients require careful and prolonged monitoring,
particularly with underlying conditions like NF2.

NF2 Status: In our series, 30.3% of patients had
NF2, significantly higsher than the approximately 3%
prevalence noted in general spinal meningioma
studies.” This high proportion likely reflects a
referral bias due to Siriraj Hospital’s status as a
tertiary care center. NF2 status was a significant
predictor of recurrence (p = 0.023) in our study.
NF2 is associated with a higher incidence of spinal
meningiomas, which constitute about 14% of all
spinal tumors in NF2 patients, and these tumors
often exhibit a more aggressive behavior compared
to sporadic cases.10 This aggressiveness is attribut-
ed to genetic alterations, including the loss of the
merlin protein, which contributes to increased
tumor growth and lesion multiplicity. Given these
dynamics, NF2 patients require intensive and
ongoing surveillance. Despite complete resections,
they remain at elevated risk for the development
of new tumors or recurrence at the original site,
underscoring the need for vigilant follow-up in this
population.

Extent of Resection (Simpson Grade): Complete
microsurgical resection is fundamental in treating
meningiomas. In intracranial cases, achieving a
Simpson grade | or Il resection correlates with the

lowest recurrence rates. In spinal meningiomas,

the grading system is similarly applied but adapted:
Simpson grade | involves excising the dural
attachment, often necessitating a dural patch
repair, while grade Il involves coagulating the
dural insertion without excision.

In our study, 86.4% of the spinal meningiomas
were totally resected (Simpson | or Il), with only 7
patients (10.6%) undergoing subtotal (Simpson 1)
or partial (Simpson V) resections. We found no sta-
tistically significant difference in recurrence rates
between Simpson grade | and others. While none
of the 5 patients with a Simpson grade | resection
experienced recurrence, the sample size might
be too small to draw definitive conclusions. The
majority, about 80%, underwent Simpson grade I
resection, and experienced a modest recurrence
rate.

Our findings align with recent studies, such as
one by Kobayashi et al., which also reported no
significant differences in recurrence between Simp-
son | and Il resections over a mean follow-up of 7
years."" This suggests that aggressive dural resec-
tion (Simpson 1) might not always be necessary,
particularly if it poses additional risks like spinal
cord manipulation or cerebrospinal fluid leakage.4
For spinal meningiomas, especially those located
ventrally, attempting a Simpson | resection may
increase these risks. The generally low recurrence
rates observed with Simpson Il in our study support
a less aggressive approach when appropriate.

Tumor Location (Axial and Longitudinal): In our,
the majority of spinal meningiomas were located
in the thoracic region (65.2%), followed by the
cervical (30.3%) and a few in the lumbar region
(4.5%), reflecting the common preference for the
thoracic spine.”” The tumors were found in various
axial positions, including dorsal, dorsolateral, lateral,

ventral, and ventrolateral attachments.”” Our analysis
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showed that neither the spinal level nor the axial
position significantly influenced ecurrence rates,
suggesting that tumor location does not inherently
determine recurrence risk, provided that gross-
total resection is achieved.

However, the location does affect the ease of
resection. Tumors located ventrally or ventrolat-
erally are often more challenging to remove com-
pletely due to the difficult surgical access to the
dural attachment on the anterior side of the spinal
cord. For example, Nakamura’s study highlighted
that all recurrences occurred in ventral tumors
that only underwent a Simpson Il resection, where
the dura was coagulated but not excised.” In our
series, despite these challenges, our ventral tumors
did not show a significant difference in recurrence
rates compared to dorsal tumors, likely because
the ventral dura was adequately coagulated and
the cases were followed long-term.

For large ventral tumors, we sometimes used
posterolateral approaches to improve access,
following techniques described in recent surgical
literature.15 Additionally, the extent of the tumor
vertically (number of spinal levels affected) did
not correlate with recurrence; tumors spanning
multiple levels were either removed en bloc or
in piecemeal but completely, with outcomes sim-
ilar to those of single-level tumors. This compre-
hensive approach helped us achieve satisfactory
resection rates across various tumor locations and
sizes.

Sex: Spinal meningiomas are more common
in females, with our study showing 77% female
patients. Despite this, studies like Kobayashi et
al. report higher recurrence rates in males, sug-

gesting more aggressive tumor biology or links to

conditions like NF2 in this less commonly affected
group.'’ Our data did not show significant sex
differences in recurrence.

Dural Tail Sign: In our study, 56.1% of patients
showed a dural tail on preoperative MRI, an
indicator of significant dural involvement by the
tumor. However, the presence of a dural tail did
not statistically predict recurrence, likely because
we consistently addressed the dural attachment
zone through resection or coagulation in all cases.
While a residual dural tail could potentially lead
to recurrence if not completely coagulated, our
thorough approach in treating these areas, regard-
less of resection type, may explain the lack of sig-
nificant findings. This contrasts with other studies,
such as the multicenter study that found a dural
tail sign associated with higher recurrence risks",
possibly due to less aggressive management in
some centers. Our effective surgical techniques,
including extensive cauterization of any dural tail,
likely mitigated this risk, underscoring the impor-
tance of proper dural management in surgery.

Histopathology and Subtype Considerations:
In our study, nearly all tumors were WHO grade |
meningiomas, with only one atypical WHO I
case (1.5%) that did not recur. High-grade spinal
meningiomas are rare, and even high-risk tumors
can remain controlled under certain conditions.
Histologically, psammomatous meningioma was
the most common subtype (34.8%), followed by
meningothelial (15.2%). Although histologic subtype
did not significantly correlate with recurrence (p =
0.099), higher incidence of the psammomatous type
in the recurrence group (71.4% compared to 30.5%)
may indicate tumor calcification. This calcification
tends to give the tumors a firmer consistency and
often results in them being broadly attached to

the dura, which can complicate surgical resection.
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Our findings emphasize the clinical relevance
of histologic subtypes and WHO grade in spinal
meningioma management. Subtype identification
can influence surgical strategies and follow-up, es-
pecially in cases with unusual pathology. Overall,
while WHO grade is a primary prognostic factor,
understanding the nuances of each subtype within
the context of other risk factors, like NF2 status, is

crucial for tailored treatment and surveillance.

Clinical Implications

Maximal Safe Resection is Crucial: We reaffirm
that gross-total resection (Simpson grade | or II)
should be the surgical goal whenever feasible,
as it offers the best chance for long-term tumor
control. However, attempting Simpson grade | (dural
resection) in every case is not always necessary if it
would incur undue risk.

Long-Term Surveillance is Essential: Our data
strongly indicates the necessity for long-term
follow-up in spinal meningioma patients, with
recurrences as late as 10-15 years post-surgery
not being uncommon. This aligns with recommen-
dations from some studies that advise lifelong
surveillance after resection." Practically, this entails
periodic MRI screenings for patients—initially more
frequently within the first five years post-surgery,
then possibly annually or biennially, even if they
remain asymptomatic. Given the relatively slow
progression of these tumors, as evidenced by the
mean overall recurrence time of about 6-7 years
in our study, early detection of recurrence allows
for timely re-operation with minimal risk and
before any significant neurological decline. The fact
that our observed 5-year recurrence rate (10.6%)
more than doubles with extended follow-up high-
lishts the insufficiency of short-term monitoring.

Therefore, we recommend continued surveillance

for at least 10-15 years, or ideally for life, espe-
cially in younger patients or those with NF2 whose
recurrence occurred earlier than the other group
(3.4 yrvs 5.0 yr, p = 0.016).

Risk Factor—_Tailored Management: |dentifying
patients at higher risk of recurrence is crucial for
optimizing management strategies. In our cohort,
younger patients, or those with NF2, are considered
high-risk. These individuals may benefit from more
aggressive initial surgical approaches, such as
a Simpson | resection when feasible, given their
longer potential duration for recurrence. Furthermore,
such high-risk patients require closer and more
consistent follow-up. Specifically, we recommend
that these high-risk patients be clearly informed
about their elevated recurrence risk to ensure they
remain vigilant and engaged in long-term surveil-
lance. For instance, in our practice, young patients
with NF2 are scheduled for annual MRI scans
indefinitely to monitor for any changes. Conversely,
an elderly patient with a small, low-risk dorsal
meningioma that has been completely resected
might not require as frequent follow-up after an
initial disease-free period. However, given that
recurrences can occur even late in life, as seen
with a patient at age 82 in our series, we still advise
long-term imaging for most cases to ensure
comprehensive care and early detection of any

potential recurrence.

Conclusion

This study of spinal meningiomas at Siriraj
hospital confirms that surgical treatment not only
yields excellent outcomes in terms of symptom
relief and initial tumor control, but also highlights
the non-negligible risk of late recurrence. Younger
age <45 years and NF2 are associated with higher

recurrence risk, calling for meticulous resection
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and prolonged observation in these patients.
Histopathologic trends were noted (with psam-
momatous tumors being common in our cohort),
though subtype alone did not significantly dictate
recurrence. Even WHO grade | spinal meningio-
mas can recur a decade or more after resection,
meaning that patients and clinicians must remain
vigilant. Our series emphasized on long-term and

frequent follow-up in spinal meningioma patients,
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