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Abstract

Background Chronic subdural hematoma (cSDH) is a collection of old blood in the subdural space and has a rela-
tively high estimated incidence, especially among the elderly and men, possibly due to falls, anticoagulant use, or age
as independent factors. The subdural evacuating port system (SEPS) offers a minimally invasive solution for cSDH
treatment.

Objective The objective of our meta-analysis is to review the literature and assess the safety and efficacy of SEPS
as a first-line treatment for cSDH.

Method We conducted an exhaustive literature search to explore outcomes resulting from the implementation

of SEPS as the initial treatment for cSDH. The main focus was on treatment success, comprising both symptom
improvement and the absence of additional operating room interventions. Supplementary outcomes encompassed
factors such as discharge arrangements, length of hospital stay (LOS), recurrence of hematoma, and any associated
complications.

Result A total of 15 studies, involving 1146 patients who underwent SEPS placement, satisfied the inclusion criteria.
The combined rate of achieving a successful outcome stood at 0.79 (95% Cl 0.75-0.83). The occurrence of delayed
hematoma recurrence was found to be 0.155 (95% Cl 0.101-0.208). Meanwhile, the aggregated inpatient mortality
rate was 0.017 (95% Cl 0.007-0.031). In terms of complications, the rates were 0.02 (95% CI 0.00-0.03) for any acute
hemorrhage, 0.01 (95% CI 0.00-0.01) for acute hemorrhage necessitating surgery, and 0.02 (95% Cl 0.01-0.03) for sei-
zures. Notably, SEPS placement is associated with a success rate of 79% and exceptionally low incidences of acute
hemorrhage and seizure.

Conclusion SEPS is a viable first-line treatment for cSDH, supported by its minimally invasive nature, avoidance
of general anesthesia, high success rate, and favorable safety profile.

Introduction

A chronic subdural hematoma (cSDH) is a collection of
blood in the subdural space that is 3 weeks old [1]. The
incidence of ¢cSDH has been estimated at 1.72-20.6 suf-
ferers per 100,000 people, which is certainly a high inci-
dence [2]. In addition, cSDH risk is relatively higher in
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has been found to progress in distinct steps from the
time of its emergence to the time of its presentation
and even thereafter. Therefore, its development is called
a dynamic process [9]. Clinically, the progression of the
hematoma is divided into three stages: the initial trau-
matic event, the latency period, and the clinical presenta-
tion period [10]. Patients may present without symptoms,
or if symptoms are present, they can range from mild,
such as headaches, to severe, such as ataxia, Parkinson’s
symptoms, etc. [11]. Various treatment modalities for
c¢SDH have been described and have evolved over time,
each having its advantages and disadvantages, such as.
Surgical evacuation with burr holes, which is associated
with higher recurrence rates [12], and middle meningeal
artery embolization, which can be used either as a pri-
mary approach or as a surgical procedure for recurrent
hematomas [13, 14]. However, with recent developments
and to provide patients with the best possible care, new
devices, and techniques are being discovered and experi-
mented with, including the Subdural Evacuating Port
System [SEPS], a new device intended to simplify the
treatment of ¢SDH [15]. SEPS is a new technique with
the advantage that it is the least invasive approach in the
treatment of ¢SDH and can be performed under local
anesthesia [16]. Today, SEPS is receiving greater atten-
tion in various hospitals and clinical settings due to its
various advantages over traditional approaches such as
burr-hole craniotomies, ranging from a shorter hospital
stay to better postoperative prophylaxis to a reduced risk
of complications such as seizures. SEPS also reduced the
risk of ¢cSDH recurrence by a significant proportion [17],
originally estimated at up to 12-20% [18, 19]. However,
because the technique is new, many institutes will hesi-
tate to adopt it and think twice about what’s best for their
patients when some traditional approaches like Middle
Meningeal artery (MMA) embolization and craniotomy
are already available. Our study’s objective is to conduct a
systematic review of outcomes among patients who have
utilized SEPS.

Procedure

The subdural evacuating port system (SEPS) is a mini-
mally invasive procedure used for the treatment of
chronic subdural hematoma. Before commencing the
procedure, radiological imaging is performed to deter-
mine the precise location of the subdural fluid accumula-
tion with maximum thickness.

Once the imaging is complete, the selected site is pre-
pared with antiseptic solutions and draped to maintain
a sterile field. Local anesthesia is administered at the
chosen site using lidocaine with epinephrine to mini-
mize bleeding and provide pain control. An incision of
approximately five millimeters is made through the layers
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of the skin, subcutaneous tissue, galea, and periosteum.
A self-retaining scalp retractor is then used to maintain
access and visualization. Next, a twist drill hole is care-
fully created in the skull, allowing access to the under-
lying dura. The dura is incised using a unipolar cautery,
providing a controlled opening for the SEPS placement.
The SEPS device consists of a stainless-steel evacuat-
ing port, which is inserted into the twist drill hole in the
skull. The other ends of the device include silicone tub-
ing and a suction reservoir bulb, which are connected
and securely fastened using silk ties. Once the SEPS is
properly positioned and secured, the wound is closed,
and a dressing is applied to protect the site. Following the
procedure, the patient is kept in a supine position for a
period of six to eight hours to ensure proper fluid drain-
age and minimize the risk of complications. After this
period, the patient can gradually begin to mobilize under
medical supervision.

The SEPS allows continuous drainage of the subdural
fluid, which facilitates the gradual re-expansion of the
compressed brain tissue. It is important to note that the
SEPS procedure is performed using sterile techniques
and adheres to the principles of patient safety and opti-
mal surgical outcome [16, 20, 21].

Method

Search strategy

We conducted a comprehensive exploration of various
databases, including but not limited to PubMed, Google
Scholar, and Cochrane Library. This exhaustive search,
encompassing all available data, was carried out on July
18, 2023. The complete MeSH phrase, which can be
found in Additional file 1, was employed for reference.
Specifically, we utilized the MeSH phrases "Subdural
evacuating portal system OR SEP AND Chronic subdural
hematoma OR CSDH" during the search process. The
search was exclusively conducted in English. The refer-
ences within these materials were diligently sought and
reviewed by the authors. This meticulous approach was
undertaken to ensure the inclusion of all relevant articles
and to prevent the inadvertent omission of any pivotal
studies. To ensure a thorough approach, we also consid-
ered supplementary sources to identify pertinent records.
The search strategy was independently formulated by two
authors, Dr. MAS, and SMSA adhering to specified crite-
ria. Any inconsistencies or uncertainties that arose were
harmonized through consensus discussions involving
MSM, a third investigator.

Inclusion and exclusion criteria

The selection process for appropriate studies adhered
to specific Population, Intervention, Comparison, and
Outcome (PICO) criteria. Inclusion involved studies



Shafique et al. Egyptian Journal of Neurosurgery (2023) 38:76

that explored the utilization of SEPs as the intervention
for the treatment of chronic subdural hematoma (cSDH)
within a population aged 18 years and above. Preference
was given to research plans employing case series or
case—control methodologies while focusing on investiga-
tions that assessed the implementation and outcomes of
SEPs in cSDH cases. On the other hand, exclusion crite-
ria comprised studies involving patients below 18 years of
age, as well as materials categorized as "letter to the edi-
tors," editorials, review articles, or correspondence. This
systematic approach aimed to ensure the selection of rel-
evant and valuable studies while excluding materials that
didn’t align with the study’s scope and objectives.

Protocol

We adhered to the recommended procedures outlined in
the Cochrane Handbook of Systematic Review and Inter-
ventions for conducting systematic reviews and meta-
analyses. Additionally, we applied the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Anal-
yses) principles throughout our study. To ensure trans-
parency and rigor, our study protocol was submitted to
Prospero (CRD42023449993) and underwent compre-
hensive discussion and evaluation.

Data extraction

MAS and SMSA independently extracted the data from
the selected studies. To help settle any disputes or contro-
versies, a third author, AH, was consulted. The data were
reviewed for duplicate research after being extracted.
The extracted data included the name of the author,
publication year, sample size, presenting symptoms, the
characteristics of the hematoma (volume, thickness, and
midline shift), the type and duration of the interven-
tion (SEPs), and the results (Seizure Rate, Non-routine
discharge Disposition, the proportion with recurrence,
Overall Hemorrhage Rate, Reoperation for Hematoma,
Length of Hospital Stay, Success Rate and Hemorrhage
Rate requiring Surgery).

Data analysis

Data integration and analysis were carried out using
OpenMeta-Analyst, independently conducted by author
MSM. Descriptive statistics encompassed study-specific
sample sizes for weighing means and standard deviations,
while proportions were computed by relating patient
numbers. Binary outcomes employed the Der Simonian-
Laird approach, and continuous outcomes utilized a
weighted mean technique within a random effects model,
yielding combined estimates and 95% confidence inter-
vals. Heterogeneity was assessed through the Higgins 12
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statistic, with values above 50% indicating significance.
Sensitivity analysis using leave-one-out identified het-
erogeneity-contributing studies, with a resulting plot in
Additional file 1.

Quality assessment and risk of bias

AH conducted an independent assessment of study qual-
ity using the Newcastle Ottawa scale (Fig. 2). This evalua-
tion considered aspects such as outcome data participant
blinding, random sequence generation, outcome assess-
ment, and other potential validity concerns. Each study
was assigned a risk of bias grade, categorized as low, high,
or unsure, for each variable. Discrepancies that emerged
during this evaluation were resolved through consen-
sus with a third researcher, MAS. Publication bias was
appraised via funnel plot, Egger’s test, and the Duval trim
and fill method, visually presented in Additional file 1.

Results

Search result

A total of 15 studies met inclusion criteria and were
included in the meta-analysis. This included ten case
series and five observational studies, all of which were
retrospective (Fig. 1). All the included studies are of high
methodological quality, assessed by Newcastle Ottawa
scale and shown in Fig. 2.

Description of studies

The research encompassed a selection of 15 studies,
which collectively involved 1146 patients with a mean
age of 71 £+ 5 years (ranging from 56.4 to 83.9). Neurologic
deficit (focal paresis or aphasia) emerged as the most
prevalent presenting symptom among the twelve stud-
ies, accounting for 44.2% of cases, followed by altered
mental status (34.1%), headache (34.1%), ataxia/gait dis-
turbance (30.9%), and seizure (2%). The average Glasgow
Coma Scale (GCS) score at presentation was 13.7+0.5,
with a range of 13.2 to 14.5. On presentation, close to
43.6% of patients were using antiplatelet or anticoagu-
lant medication. Septations were found in a minority
of patients (25.7%), while over half of the patients had
isodense/subacute, mixed density, or acute on chronic
appearing subdural hematomas (58.3%). The average
follow-up duration was 3.35+ 1.9 months, ranging from
1 to 11 months. The patients underwent SEPS placement
with the administration of local anesthesia and moderate
sedation. In some studies, the positioning of patients dur-
ing the procedure varied. Two patients were placed flat,
while in one study, patients were positioned in the Tren-
delenburg position. Baseline characteristics of included
studies is shown in Table 1.
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Identification of new studies via databases

Reports of studies
included in previous

version of review.

(n=12)

Records identified from
Databases searching.

(n=261)
Pub Med (n = 108)
Google scholar (n =
150)Cochrane library
(n=3)

Included

Fig. 1 Prisma Flow Chart

Records removed before
screening.
Duplicate records removed.
(n=111)

Records screened.
(n = 150)

A

Records excluded.
(n=145)

Reason: Relevant data not
available.

Reports sought for retrieval.
(n=5)

v

Reports not retrieved.
(h=0)

Reports assessed for eligibility.

(n =5)

New studies included in review.

(h=3)

Reports excluded: (n = 2)

Irrelevant Data (n = 2)

Total studies included in review.

(n=15)

Proportion of successful outcomes

The data regarding proportion of successful outcomes
was extracted from 14 studies. The pooled success rate
was 79%. Upon conducting a sensitivity analysis, the
results revealed significant heterogeneity between the

studies (p=0.002, I’=60%). Despite this heterogeneity,
the analysis indicated that the difference between stud-
ies was statistically significant (pooled rate 0.79, 95%
CI 0.74-0.83, p=0.002) (Fig. 3). Leave one out analysis
was done and plot was included in the Additional file 1.
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First author | Modified Newcastle Ottawa Quality Assessment Scale Meta-analysis
Selection Comparability | Exposure Eligible | selected
1 2 3 4 5 6 7 8

Ortiz 2020 * * * * * * * * * yes yes
Golub 2020 * * * * * * * * * yes yes
Hoffman * * * / * / * * * yes yes
2018

Flint 2017 * * * * * * * / * yes yes
Tanveer * * * / * * * * * yes yes
2016

Basler 2013 * * * / * / * * * yes yes
Safain 2013 | * * * * / * * * * yes yes
Neal 2013 * * * * / * * * * yes yes
Singla 2013 * * * * * / * * / yes yes
Rughani * * * * * * * * * yes yes
2010

Kenning * * * * * * * * * yes yes
2010

Asfora 2001 | * * * * * * * * * yes yes
Mohan 2022 | * * * * * * / * * yes yes
Monney * * * / * * * * * yes yes
2023

Liu 2023 * * * / * * * * * yes yes

Selection: (maximum 4 stars)

1: Is the case definition adequate?

2: Representativeness of case

3: Selection of control

4: Definition of Control

Comparability: (maximum 2 stars)

5: Comparability of cases and control on the basis of design or analysis

Exposure: (maximum 3 stars)

6: Ascertainment of exposure

7: Same method of Ascertainment of cases and control

8: Non-response rate

Fig. 2 Assessment of Risk of bias

Length of stay

The data for length of stay was extracted from 6 stud-
ies. The length of stay was found to be 6.75 days. Upon
conducting a sensitivity analysis, the results revealed
significant heterogeneity between the studies (p<0.001,
I’=97%). Despite this heterogeneity, the analysis indi-
cated that the difference between studies was statistically
significant (pooled LOS 6.75, 95% CI 5.51-7.99, p <0.001)
(Fig. 4).

Discharge disposition

The data for non-routine discharge disposition was
extracted from 4 studies. The non routine discharge
disposition was found to be 35.3%. Upon conducting a
sensitivity analysis, the results revealed significant heter-
ogeneity between the studies (p <0.001, >=91%). Despite
this heterogeneity, the analysis indicated that the differ-
ence between studies was statistically significant (pooled
rate 0.35, 95% CI 0.21-0.50, p <0.001) (Fig. 5).



Shafique et al. Egyptian Journal of Neurosurgery (2023) 38:76 Page 6 of 12

Table 1 Baseline characteristics

Author Year Country Studydesign Sample size Male/female Mean follow up Mean age (years) Presenting symptoms

Mohan [22] 2022 USA Retrospective 55 36/19 8 years 72111 NA

Mooney [23] 2023 USA Retrospective 86 11 years 68 Headache 52 (60%), Nausea/
Vomiting 14 (16%), Weakness
4 (4%)

Liu [16] 2023 China Retrospective 52 40/12 3 years 83.9(3.3) Limb 42 (80.8), Dizziness 21

(40.4), Headache weakness15
(28.8), Speech impairment 4
(7.7), Incontinence 3 (5.8), Nau-
sea/vomiting 2 (3.8), Seizure 2
(3.8), Unconsciousness 1 (1.9)

Ortiz [24] 2020 USA Case—control 25 19/6 2.7 years 715 Headache: 40, Neural Deficit: 36,
Ataxia: 4, Seizure: 4, AMS: 12
Golub [17] 2020 USA Case—control 39 29/10 6.69 years 68.7 Headache: 5.6, Neural Deficit:
534, AMS: 231
Hoffman [25] 2018 USA Case series 126 NA 2.7 years 716 Headache: 39, Neural Deficit: 42,
Ataxia: 9, Seizure: 0.7, AMS: 51
Flint [26] 2017 USA Case series 371 257/114 6 years 75 NA
Tanweer [27] 2016 USA Case series 14 NA 3 years 564 AMS: 42.9, Headache: 28.6,
Ataxia: 14.3, neural deficit: 14.3
Balser [28] 2013 USA Case series 29 44 NA 76.6 Neural deficit: 75, Ataxia: 41
Safain [29] 2013 USA Case series 23 15/8 3 years 68 Neural Deficit: 71.4, Seizure: 9
Neal [30] 2013 USA Case series 159 99/60 3 years 742 Neural Deficit: 34.1, Ataxia: 22.5,
Seizure: 1.6, AMS: 40.3
Singla [31] 2013 USA Case series 52 37/15 6 years 73 Headache: 55.7, Neural Deficit:
46.2, Ataxia: 17.3, Seizure: 1.9,
AMS: 519
Rughani [32] 2010 USA Case—control 21 85/44 2.2 years 73 Headache: 47.6, Neural Deficit:
47.5, Ataxia: 66.7, Seizure: 9.5,
AMS: 61.9
Kenning [33] 2010 USA Case series 74 45/10 1 years 69.2 Headache: 31, Neural Deficit: 23,
Ataxia: 20, Seizure: 4, AMS: 22
Asfora [34] 2001 USA Case series 20 NA 1 years 736 NA
NA not available
Studies Estimate (95% C.T.) FEv/Trt
Mohan 2022 0.818 (0.716, 0.920) 45/55 -
Mooney 2023 0.640 (0.538, 0.741) 55/86 -
Liu 2023 0.865 (0.773, 0.958) 45/52 =
Ortiz 2020 0.600 (0.408, 0.792) 15/25 =
Hoffman 2018 0.762 (0.688, 0.836) 96/126 +
Flint 2017 0.841 (0.804, 0.878) 312/371 D ——
Tanweer 2016 0.929 (0.794, 1.000) 13/14 =
Balser 2013 0.655 (0.482, 0.828) 19/29 = :
Safain 2013 0.826 (0.671, 0.981) 19/23 —
Neal 2013 0.843 (0.786, 0.899) 134/159 ——
Singla 2013 0.731 (0.610, 0.851) 38/52 = :
Rughani 2010 0.762 (0.580, 0.944) 16/21
Kenning 2010 0.743 (0.644, 0.843) 55/74 |
Asfora 2001 0.800 (0.625, 0.975) 16/20 -
Overall (1A2=59.52 % , P=0.002) 0.786 (0.743, 0.828) 878/1107 i
I T T ‘ T T 1
0.5 0.6 07 0.8 0.9 1

Proportion of Success Rate

Fig. 3 Forest plot showing the Proportion of successful outcomes
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Studies Estimate (95% C.I.)
Mohan 2022 5.810 (5.419, 6.201) ——
Liu 2023 7.400 (5.579, 9.221) i =
Golub 2020 4.000 (3.639, 4.361) —— ;
Hoffman 2018 6.400 (6.098, 6.702) —|-
Balser 2013 9.300 (7.968, 10.632) 5 =
Neal 2013 8.500 (7.148, 9.852) g =
Overall (1*2=96.75 % , P< 0.001) 6.752 (5.511, 7.994) {$==—
[ T T : T T T 1
4 5 6 7 8 9 10

Length of Hospital Stay
Fig. 4 Forest plot showing the mean length of Hospital stay
Studies Estimate (95% C.I.) Ev/Trt
Mooney 2023 0.419 (0.314, 0.523) 36/86 =
Ortiz 2020 0.520 (0.324, 0.716) 13/25 »
Hoffman 2018 0.349 (0.266, 0.432) 44/126 —
Flint 2017 0.189 (0.149, 0.228) 707371 —Jl— ;
Overall (12=90.6 % , P< 0.001) 0.353 (0.210, 0.496) 163/608 —_—

I T ‘ T T T 1
0.2 03 04 05 06 07

Fig. 5 Forest plot showing the pooled rate of Discharge disposition

Hematoma recurrence

The data for delayed hematoma was extracted from
10 studies. The pooled rate of hematoma recurrence
was found to be 16%. Upon conducting a sensitivity
analysis, the results revealed significant heterogeneity
between the studies (p<0.001, I?=72%). Despite this
heterogeneity, the analysis indicated that the difference
between studies was statistically significant (pooled
rate 0.16, 95% CI 0.10-0 21, p <0.001) (Fig. 6).

Proportion with non-routine discharge disposition

Hematoma reoperation

The data for Reoperation of hematoma was extracted
from 3 studies. The pooled rate of hematoma reoperation
was found to be 9%. Upon conducting a sensitivity analy-
sis, the results revealed significant heterogeneity between
the studies (p<0.019, >=75%). Despite this heteroge-
neity, the analysis indicated that the difference between
studies was statistically significant (pooled rate 0.09, 95%
CI10.01-0.18, p<0.019) (Fig. 7).

Studies Estimate (95% C.I.) Ev/Trt

Golub 2020 0.333 (0.185, 0.481) 13/39 "

Hoffman 2018 0.103 (0.050, 0.156) 13/126 +

Flint 2017 0.159 (0.122, 0.196) 59/371 —.—

Tanweer 2016 0.071 (0.000, 0.206) 1/14 L -

Balser 2013 0.138 (0.012, 0.263) 4/29 =

Safain 2013 0.043 (0.000, 0.127) 1/23 —@— |

Singla 2013 0.346 (0.217, 0.475) 18/52 -

Rughani 2010 0.238 (0.056, 0.420) 5/21 =

Kenning 2010 0.203 (0.111, 0.294) 15/74 : ]

Asfora 2001 0.050 (0.000, 0.146) 1/20 L]

Overall (1*2=71.52 % , P< 0.001) 0.155 (0.101, 0.208) 130/769 —::::;—
I T - T T 1
0 0.1 0.2 03 04

Proportion with Recurrence

Fig. 6 Forest plot showing the proportion of patients with Hematoma recurrence
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Studies Estimate (95% C.I.) Ev/Trt

Mohan 2022 0.182 (0.080, 0.284) 10/55 : ]

Mooney 2023 0.035 (0.000, 0.074) 3/86 —J— :

Liu 2023 0.096 (0.016, 0.176) 5/52 -

Overall (1*2=74.61 % , P=0.019) 0.094 (0.012, 0.176) 18/193 —_—
I T ‘I T T 1
0 0.05 0.1 0.15 02 0.25

Fig. 7 Forest plot showing the Hematoma reoperation

Inpatient mortality

The data for inpatient mortality was extracted from 7
studies. The pooled rate of inpatient mortality was found
to be 1.7%. Upon conducting a sensitivity analysis, the
results revealed insignificant heterogeneity between the
studies (p=0.618, P=0%). Despite this heterogeneity, the
analysis indicated that the difference between studies was
statistically insignificant (pooled rate 0.02, 95% CI 0.01—
0.03, p=0.618) (Fig. 8).

Reoperation for Hematoma

Hemorrhage rate

The data for overall hemorrhage rate was extracted from
8 studies. The pooled rate of hemorrhage rate was found
to be 2%. Upon conducting a sensitivity analysis, the
results revealed significant heterogeneity between the
studies (p<0.227, P=25%). Despite this heterogeneity,
the analysis indicated that the difference between stud-
ies was statistically significant (pooled rate 0.02, 95% CI
0.01-0.03, p=0.227) (Fig. 9).

Studies Estimate (95% C.I.) Ev/Trt |
Mooney 2023 0.035 (0.000, 0.074) 3/86 - ! ]
Liu 2023 0.019 (0.000, 0.057) 1/52 ——W——
Ortiz 2020 0.040 (0.000, 0.117) 1/25 ; =
Hoffman 2018 0.008 (0.000, 0.023) 1/126 —Jl——
Flint 2017 0.019 (0.005, 0.033) 7/371 —fi—
Safain 2013 0.043 (0.000, 0.127) 1/23 : ™
Rughani 2010 0.095 (0.000, 0.221) 2/21 -
Overall (1*2=0 % , P=0.618) 0.017 (0.007, 0.026) 16/704 <
r + T T T 1
0 0.05 0.1 0.15 0.2
Proportion of Mortality
Fig. 8 Forest plot showing the pooled rate of Inpatient mortality
Studies Estimate (95% C.I.) Ev/Trt
Ortiz 2020 0.120 (0.000, 0.247) 3/25 : =
Hoffman 2018 0.008 (0.000, 0.023) 1/126 -
Flint 2017 0.022 (0.007, 0.036) 8/371 —Jl—
Neal 2013 0.013 (0.000, 0.030) 2/159 —lH—
Singla 2013 0.096 (0.016, 0.176) 5/52 - =
Rughani 2010 0.048 (0.000, 0.139) 1/21 ; =
Kenning 2010 0.027 (0.000, 0.064) 2/74 ———
Asfora 2001 0.050 (0.000, 0.146) 1/20 : =
Overall (I\2=25.26 % , P=0.227) 0.019 (0.007, 0.031) 23/848 <>
I T T T 1
0 0.05 0.1 0.15 0.2

Fig.9 Forest plot showing the pooled rate of any acute Hemorrhage

Overall hemorrhage Rate
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Hemorrhage rate requiring surgery

The data for hemorrhage rate requiring surgery was
extracted from 7 studies. The pooled hemorrhage rate
requiring surgery was found to be 5%. Upon conducting a
sensitivity analysis, the results revealed significant heter-
ogeneity between the studies (p <0.001, =88%). Despite
this heterogeneity, the analysis indicated that the differ-
ence between studies was statistically significant (pooled
rate 0.05, 95% CI 0.01-0.08, p <0.001) (Fig. 10).

Seizure rate

The data for seizure rate was extracted from 8 studies.
The pooled seizure rate was found to be 2%. Upon con-
ducting a sensitivity analysis, the results revealed sig-
nificant heterogeneity between the studies (p<0.106,
P=41%). Despite this heterogeneity, the analysis indi-
cated that the difference between studies was statistically
significant (pooled rate 0.02, 95% CI 0.01-0.04, p <0.106).
Study, conducted by Golub in 2020, exclusively examined
the utilization of anti-epileptic medications. In this study,
all patients received prophylactic treatment with leveti-
racetam for a duration of 14 days (Fig. 11).
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Discussion

Chronic subdural hematoma (cSDH) refers to a con-
fined accumulation of fluid, blood, and degraded blood
components located between the arachnoid and dura
mater layers covering the brain’s surface [35, 36]. The
preferred surgical approaches for treating this condi-
tion have been a subject of ongoing debate. Historically,
craniotomy and bur hole surgery were the primary
treatment modalities [37—-39]. However, recently, pro-
cedures such as SEPS and other minimally invasive
techniques like middle meningeal artery emboliza-
tion have gained traction among surgeons [40, 41]. The
objective of our meta-analysis is to assess the poten-
tial of SEPS as a primary treatment option for CSDH.
Despite a prior meta-analysis incorporating SEPS out-
comes, numerous new series have emerged since that
study was published. In this comprehensive review,
which includes data from 15 studies involving 1146
patients who underwent SEPS treatment, we observed
significantly favourable results in terms of procedural
success, accompanied by low rates of morbidity and
mortality.

Studies Estimate (95% C.I.) Ev/Trt

Mooney 2023 0.360 (0.259, 0.462) 31/86

Ortiz 2020 0.040 (0.000, 0.117) 1/25

Hoffman 2018 0.004 (0.000, 0.015) 0/126 |}

Neal 2013 0.013 (0.000, 0.030) 2/159 —M—

Singla 2013 0.038 (0.000, 0.091) 2/52 :
Kenning 2010 0.014 (0.000, 0.040) 1/74 ——!
Asfora 2001 0.050 (0.000, 0.146) 1/20 ;
Overall (1A2=87.88 % , P< 0.001) 0.046 (0.012, 0.081) 38/542  ~—=—_ ==

I
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Fig. 10 Forest plot showing the pooled rate of Hemorrhage requiring surgery

Studies Estimate (95% C.I.) Ev/Trt

Mohan 2022 0.127 (0.039, 0.215) 7/55 .
Mooney 2023 0.006 (0.000, 0.022) o/86 J—

Liu 2023 0.009 (0.000, 0.035) 0/52 —M——

Ortiz 2020 0.040 (0.000, 0.117) 1/25 =

Golub 2020 0.026 (0.000, 0.075) 1/39 -

Flint 2017 0.019 (0.005, 0.033) 7/371 —Jl—

Singla 2013 0.077 (0.004, 0.149) 4/52 - =

Rughani 2010 0.048 (0.000, 0.139) 1/21 »

Overall (1*2=40.88 % , P=0.106) 0.021 (0.005, 0.037) 21/701 <:>

Fig. 11 Forest plot showing the pooled Seizure rate
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The success rate of SEPS in our analysis was found to be
79%, consistent with previous studies [25]. However, var-
iations in success rates have been observed across differ-
ent studies, with Tanveer et al. reporting a higher success
rate of 93% attributed possibly to a younger population
[27]. Conversely, other studies showed lower success
rates around 60% [28]. Mooney and colleagues, as well as
Ortiz and Bazler’s studies, revealed success rates below
70% [23, 24, 28]. Mooney’s study included a population
with a high prevalence of hypertension (90%) and trau-
matic brain injury (TBI) patients [23]. Ortiz’s study also
exhibited a relatively low success rate and necessitated
subsequent procedures; notably, none of the patients in
their study underwent craniotomy [24]. Comparatively,
MMA embolization demonstrated a higher success rate
of 93% [42]. Notably, while surgical evacuation has a
relatively low failure rate of 3-5%, it is accompanied by a
higher risk of side effects [43, 44].

The management of seizure rates in ¢SDH patients
has evolved through approaches like SEPS and Middle
Meningeal Artery (MMA) embolization [45]. Our analy-
sis revealed a seizure rate of 2% following SEPS, a figure
comparable to rates observed with burr-hole cranios-
tomy [BHC] or craniotomy [46, 47]. Golub et al. identi-
fied a significantly lower seizure incidence with SEPS
compared to craniotomy [17, 21]. However, variations
in seizure rates are evident across studies, indicating the
need for further investigation [16, 22, 31].

Regarding hematoma recurrence, our meta-analysis
indicated a pooled recurrence rate of 16% following SEP
procedures. Notably, individual studies showed varying
recurrence rates, emphasizing the effectiveness of SEP in
managing cSDH [17, 31, 34]. Haemorrhage rates neces-
sitating surgical intervention were found to be 5%, with
reoperation rates for hematoma at 9%. The consideration
of non-routine discharge disposition in ¢SDH manage-
ment revealed rates ranging from 18.9% to 52%, under-
scoring the complexity of patient outcomes [21, 23, 26].
Furthermore, the length of stay (LOS) following SEPS
treatment was found to be 6.75 days, which aligns with
some surgical studies but is notably lower than others
[48-50].

Limitations

This study is constrained by several limitations. Firstly,
we conducted a single-arm analysis and omitted data
that directly contrasts SEPS with alternative treatments
or control groups. Drawing comparisons with published
cohorts that underwent procedures like BHC or craniot-
omy might be flawed due to disparities in baseline patient
characteristics. Those patients might have been chosen
for those treatments based on larger hematoma volumes
or worse neurological conditions, inherently raising their
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chances of an unfavorable outcome. Secondly, not all the
studies we included provided information on all the vari-
ables of interest. Certain outcomes, such as Length of Stay
(LOS) and post-treatment disposition, were only docu-
mented in a subset of the analyzed studies, introducing
variability. Likewise, there were inconsistencies among
studies regarding the clinical or radiographic criteria used
to define a successful outcome. While each study referred
to symptomatic or radiographic improvement in chronic
subdural hematoma (cSDH), slight variations in these cri-
teria contributed to the heterogeneity of the composite
outcome measure. Lastly, the strength of meta-analyses
hinges on the quality of the studies they encompass. In
this instance, all 12 studies were retrospective, potentially
introducing bias in the selection of patients for SEPS and
consequently influencing the outcomes.

The limitations inherent to our investigation of chronic
subdural hematoma management using the subdural
evacuating port system encompass a paucity of available
research, dependence on case series and case—control
studies, data availability challenges, and the difficulty of
sourcing sufficient randomized controlled trials (RCTs).
Furthermore, our search was limited to English language
studies, thus excluding any relevant research published in
other languages from our results.

Conclusions

In conclusion, our study supports SEPS as a viable first-
line approach for ¢cSDH treatment due to its minimally
invasive procedure and lack of requirement for general
anaesthesia, enhancing its safety profile. The substantial
success rate and favourable safety record underscore its
potential advantages. Nevertheless, comprehensive ran-
domized clinical studies are crucial to authenticate and
contrast these findings against conventional surgical
choices and emerging innovative techniques like MMA
embolization.
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