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Abstract 

Background The surgical techniques for treatment of chronic subdural hematoma (CSDH), a common neurosurgical 
condition, have been discussed in a lot of clinical literature. However, the recurrence proportion after CSDH surgery 
remains high, ranging from 10 to 20%. The standard surgical procedure for CSDH involves a craniostomy to evacu-
ate the hematoma, but irrigating the hematoma cavity during the procedure is debatable. The authors hypothesized 
that the choice of irrigation fluid might be a key factor affecting the outcomes of surgery. This multicenter rand-
omized controlled trial aims to investigate whether intraoperative irrigation using artificial cerebrospinal fluid (ACF) 
followed by the placement of a subdural drain would yield superior results compared to the placement of a subdural 
drain alone for CSDH.

Methods The study will be conducted across 19 neurosurgical departments in Japan. The 1186 eligible patients will 
be randomly allocated to two groups: irrigation using ACF or not. In either group, a subdural drain is to be placed 
for at least 12 h postoperatively. Similar to what was done in previous studies, we set the proportion of patients 
that meet the criteria for ipsilateral reoperation at 7% in the irrigation group and 12% in the non-irrigation group. 
The primary endpoint is the proportion of patients who meet the criteria for ipsilateral reoperation within 6 months 
of surgery (clinical worsening of symptoms and increased hematoma on imaging compared with the postoperative 
state). The secondary endpoints are the proportion of reoperations within 6 months, the proportion being stratified 
by preoperative hematoma architecture by computed tomography (CT) scan, neurological symptoms, patient condi-
tion, mortality at 6 months, complications associated with surgery, length of hospital stay from surgery to discharge, 
and time of the surgical procedure.
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Discussion We present the study protocol for a multicenter randomized controlled trial to investigate our hypoth-
esis that intraoperative irrigation with ACF reduces the recurrence proportion after the removal of chronic subdural 
hematomas compared with no irrigation.

Trial registration ClinicalTrials.gov jRCT1041220124. Registered on January 13, 2023.

Keywords Artificial cerebrospinal fluid, Chronic subdural hematoma, Irrigation fluid, Recurrence, Surgical evacuation

Introduction
Background and rationale {6a}
Chronic subdural hematoma (CSDH) is a neurological 
condition caused by a hematoma that slowly collects in 
the subdural space between the dura mater and brain. 
CSDH is one of the most common neurosurgical dis-
orders, particularly in the elderly population [1, 2]. As 
the world population ages, the incidence and median 
age of patients with CSDH steadily increase [3, 4]. 
CSDH presents with a variety of neurological symp-
toms, ranging from mild symptoms such as headache 
and dizziness to severe symptoms like disorientation. 
In cases with minimal or no symptoms, the hematoma 
may resolve spontaneously, while in severe cases, sur-
gery is indicated when the symptoms progress or the 
volume of the hematoma is large [5, 6]. Surgical out-
comes are generally favorable, but hematoma regrows 
in 10–20% of cases postoperatively and necessitates 
reoperation [1]. Therefore, appropriate surgical pro-
cedures must be established to reduce postoperative 
recurrence.

The focus of this study stems from the debate over 
the efficacy of intraoperative irrigation — a technique 
involving washing out the hematoma during surgery — 
in preventing the hematoma recurrence. Some studies 
suggest that irrigation significantly reduces recurrence 
rates, while others report no difference or even that 
perfusion should be avoided [7–16]. A meta-analysis 
including some of these studies revealed no significant 
difference in recurrence or complications between the 
two methods [17]. As a reason for these inconclusive 
results, variability in the type of irrigation fluid used can 
be considered. Specifically, in previous studies, artificial 
cerebrospinal fluid (ACF) (Table 1) was not used when 
washing out hematomas. Recent reports suggest that 
ACF is more effective in reducing recurrence rates com-
pared to normal saline [18]. Therefore, a more definitive 
investigation is needed regarding the role of intraop-
erative irrigation in the management of CSDH when 
appropriate perfusion fluids are used.

Furthermore, various factors like age, antithrombotic 
therapy, alcoholism, and pre- and postoperative com-
puted tomography (CT) have been identified as recur-
rence risks, underscoring the need for a comprehensive 
approach to studying CSDH recurrence [19–25].

Objectives {7}
We hypothesized that with the use of appropriate irriga-
tion fluid, CSDH surgery with irrigation would reduce 
the recurrence rate compared to the non-irrigation 
group. The primary objective of this study is to deter-
mine whether intraoperative irrigation with ACF or no 
irrigation is associated with better clinical outcomes and 
recurrence proportions of CSDH. This will be measured 
primarily by the rate of meeting criteria for symptomatic 
CSDH recurrence necessitating reoperation within a 
6-month period post-surgery. Furthermore, this study 
seeks to explore the potential of irrigation as a more 
effective intervention for patients at high risk of CSDH 
recurrence, thereby providing a more holistic under-
standing of the condition’s management by stratifying the 
CSDH patient background.

Trial design {8}
This study is a prospective, multicenter randomized, con-
trolled, non-blinded trial. This study evaluates intraop-
erative irrigation via ACF with a subdural drain versus 
a subdural drain alone after the evacuation of a CSDH. 
Except for randomization to irrigation versus no irrigation, 
the management of the study participants will not differ 
from the current management of patients. A 1:1 stratified 

Table 1 Composition of human spinal fluid and solutions used 
in neurosurgery

Abbreviations: CSF cerebrospinal fluid, ACF artificial cerebrospinal fluid, NS 
normal saline, LR lactated Ringer’s solution

Component Normal human 
CSF

ACF NS LR

Na+ (mEq/L) 145 145 154 130

K+ (mEq/L) 2.8 2.8 0 4

Mg2+ (mEq/L) 2.2 2.2 0 0

Ca2+ (mEq/L) 2.3 2.3 0 3

Cl− (mEq/L) 111.9 129 154 109

P (mmol/L) 1.1 1.1 0 0

HCO3− (mEq/L) 23.1 23.1 0 0

Lactate− (mEq/L) 0 0 0 28

Glucose (g/L) 0.61 0.61 0 0

Osmolality ratio ≈1 ≈1 1 ≈0.9

pH 7.307 ≈7.3 ≈6.3 ≈6.7
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randomization will be performed at each site using a web-
based system. Clinical symptoms and imaging assessments 
will be conducted by the treating physicians at each facil-
ity, following the timeline of the participants.

Methods: participants, interventions and outcomes
Study setting {9}
The study will recruit patients with CSDHs requiring sur-
gery at hospitals in the Tokai region of Japan. The par-
ticipating sites are the neurosurgical departments of the 
National Hospital Organization Nagoya Medical Center 
(Nagoya, Japan), Kariya Toyota General Hospital (Kariya, 
Japan), Anjo Kosei Hospital (Anjo, Japan), Komaki City 
Hospital (Komaki, Japan), Toyohashi Municipal Hospital 
(Toyohashi, Japan), Okazaki City Hospital (Okazaki, Japan), 
Nishio Municipal Hospital (Nishio, Japan), Inazawa City 
Hospital (Inazawa, Japan), Handa City Hospital (Handa, 
Japan), Nagoya Ekisaikai Hospital (Nagoya, Japan), Tosei 
General Hospital (Seto, Japan), Shizuoka Saiseikai Gen-
eral Hospital (Shizuoka, Japan), Japan Community Health 
Care Organization Chukyo Hospital (Nagoya, Japan), Yok-
kaichi Municipal Hospital (Yokkaichi, Japan), Kainan Hos-
pital (Yatomi, Japan), Japanese Red Cross Aichi Medical 
Center Nagoya Daiichi Hospital (Nagoya, Japan) Japanese 
Red Cross Aichi Medical Center Nagoya Daini Hospital 
(Nagoya, Japan), Ogaki Municipal Hospital (Ogaki, Japan), 
and Nagoya University Hospital (Nagoya, Japan).

Eligibility criteria {10}
Study participants
Patients diagnosed with CSDH for whom surgical resec-
tion is indicated will be screened for participation.

Inclusion criteria

• Patients with symptomatic CSDH requiring burr-
hole evacuation

• Patients > 20 years
• Patients undergoing surgery for single-sided CSDH

Exclusion criteria

• Patients who have previously undergone a craniotomy
• Patients who have previously received an ipsilateral 

craniostomy
• Patients with spinal fluid shunting
• Patients with intracranial mass lesions that may affect 

their current symptoms (e.g., very small tumors or 
contralateral hematomas) should be excluded.

• Patients who have received radiation or chemother-
apy within the last 5 years

• Immunocompromised states
• Patients with such severe thrombotic risk from the 

discontinuation of antithrombotic drugs are not tol-
erated (recent cardiac or intracranial stents, recent 
pulmonary embolisms, and mechanical valves).

• Patients deemed unable to insert a drain preopera-
tively due to a lack of patience or small hematoma

• Patients who, in the judgment of the investigator, are 
likely to be non-compliant or uncooperative during 
the study.

Who will take informed consent? {26a}
In this study, a neurosurgeon, who is also an investigator 
or subinvestigator, approaches patients who are eligible 
for CSDH surgery. Following the explanation and con-
sent for surgery, patients are informed about the study. 
Patients are enrolled in the study only if they consent to 
both the surgery and the research. If a patient is unable 
to provide written consent, it will be obtained from their 
next of kin. Patients who choose not to participate in the 
study can still receive the same quality treatment as par-
ticipants. The participants will be free to withdraw from 
the study at any time in accordance with the most recent 
2013 version of the Declaration of Helsinki.

Additional consent provisions for collection and use 
of participant data and biological specimens {26b}
We do not currently plan to use samples or information 
obtained from participants in this research for future 
studies. If this changes, we will obtain proper ethical 
approval, document the details clearly, and either secure 
consent from the participants or provide an opportunity 
to opt out by making the research information public 
before using the information in new research.

Interventions
Explanation for the choice of comparators {6b}
To evaluate the effectiveness of irrigation using an ACF 
following the removal of a CSDH, the intervention is to 
be divided into two groups: one that will undergo hema-
toma irrigation and another that will not. The most 
widely and commercially available ACF for neurosurgical 
procedures in Japan (ARTCEREB Cerebrospinal Surgery 
Perfusion and Irrigation Solution®, Otsuka Pharmaceuti-
cal Factory, Tokushima, Japan) is chosen as the irrigation 
fluid in this study. Except for washing out the hematoma 
intraoperatively, all perioperative management will be 
performed identically across both groups.

Intervention description {11a}
In the hematoma irrigation group, the subdural space 
will be irrigated repeatedly until fluid drainage becomes 
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clear, using at least 200 mL of ACF after CSDH removal. 
A closed drain will then be inserted and left in the cavity 
for at least 12-h post-surgery.

In contrast, in the non-irrigation group, a drain will be 
placed without irrigation after performing the burr-hole 
craniostomy. Similar to the hematoma irrigation group, 
a closed drain will be left in the cavity for at least 12-h 
post-surgery.

Previous literature has examined the direction and 
duration of subdural space drainage, yet a consensus 
on evidence-based guidelines remains elusive [26–28]. 
Therefore, this study advocates that the minimum dura-
tion of subdural drainage should be at least 12 h, and that 
the exact position and duration of the drain should be left 
to the discretion of the attending physician. Similarly, as 
the optimal volume for irrigation is not yet known [29], 
the practical volume used in this study is also left to the 
discretion of the attending physician, with a minimum 
volume of 200  ml. This approach highlights the impor-
tance of clinical judgment in the absence of conclusive 
evidence and ensures flexibility in patient care while 
adhering to minimum standards.

Criteria for discontinuing or modifying allocated 
interventions {11b}
After randomization, patients who wish to change their 
assigned surgical procedure can request an interven-
tion change and withdraw from the trial. Patients do 
not have to provide the reason for withdrawal. If the 
surgeon intentionally or unintentionally administers a 
treatment different from the assigned group after ran-
domization, the case will be excluded from the analy-
sis, and crossover of participants is not permitted. This 
approach ensures the integrity of the trial and respects 
patient autonomy.

Strategies to improve adherence to interventions {11c}
This study required the investigators to provide data on 
whether they performed the treatment assigned to them. 
Information on the type, quantity, and temperature of the 
solutions used for irrigation is to be collected.

Relevant concomitant care permitted or prohibited 
during the trial {11d}
Reoperation at a stage that does not meet the criteria for 
reoperation is prohibited. All other medical treatments 
are permitted.

Provisions for posttrial care {30}
This study will implement and collect data on treatments 
accepted by national insurance in Japan. Therefore, it is 
not compensable to those likely to suffer harm from trial 

participation, as per clinical research insurance, and is 
handled the same as normal medical treatment.

Outcomes {12}
Assessment items
The demographic information collected includes age, 
sex, medical history, lifestyle history, and traumatic 
episodes that may have contributed to the condition. 
Patients’ living situations, whether at home, in a hos-
pital, rehabilitation center, or nursing home, are to be 
recorded as well.

Neurological status is to be assessed using the modified 
Rankin Scale (mRS), Glasgow Coma Scale (GCS), Mark-
walder classification, and any existing neurological symp-
toms. The modified Rankin Scale (mRS) was developed 
to evaluate the severity of stroke outcomes. However, 
its application extends to clinical assessments of CSDH 
[30–32]. This scale ranges from 0, denoting the absence 
of symptoms, to 6, which signifies death (Table 2). GCS 
is used to objectively express the degree of impairment of 
all types of consciousness in terms of the three aspects of 
eye-opening, motor, and verbal reactions (Table  3). The 
Markwalder classification divides the severity of symp-
toms of CSDH into 0–4 [33] (Table  4). The scores on 
these scale at will be determined by physicians who were 
trained to obtain them.

Based on cranial CT imaging, the architecture of the 
CSDH, volume of the hematoma, and midline shift will 
be assessed. The hematoma architecture is classified 
into four distinct types according to the framework 
established by Nagaguchi et  al.: homogeneous, lami-
nar, separated, and trabecular [21]. The homogeneous 
type is characterized by a uniform density that varies 
from low to high. In contrast, the laminar type, a vari-
ation of the homogeneous, is distinguished by a thin, 
high-density layer along the inner membrane. The 

Table 2 Modified Rankin Scale (mRS)

Score Description

0 No symptoms

1 No significant disability: Despite symptoms, able to carry 
out all usual duties and activities

2 Slight disability: Unable to perform all previous activities 
but able to look after own affairs without assistance

3 Moderate disability: Requiring some help but able 
to walk without assistance

4 Moderately severe disability: Unable to walk with-
out assistance and unable to attend to own bodily needs 
without assistance

5 Severe disability: Bedridden, incontinent, and requiring 
constant nursing care and attention

6 Death
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separated type comprises two distinct density zones 
with a clear demarcation, typically a lower density 
component located above a higher density component. 
The ‘gradation’ subtype with ambiguous boundaries is 
also included in the separated type. Finally, the ‘tra-
becular’ type presents inhomogeneous contents and a 
high-density septum running between the inner and 
outer membrane on a low-density to isodense back-
ground. The hematoma volume was calculated from 
the maximum width (A), length (B), and height (C) 
using the formula A × B × C/2 [34]. The midline shift is 
measured as the deviation of the midline at the slice 
where the foramen of Monroe can be seen on the CT 
axial image.

Medications are divided into those that may impact the 
recurrence of CSDH, such as antithrombotic agents, ster-
oids, statins, and goreisan, and those that do not. Surgi-
cal details included surgeon experience, surgery duration, 
irrigation fluid volume, direction of the inserted drain, 
and temperature of the irrigation fluid (room tempera-
ture or equivalent to body temperature).

Adverse events are to be documented when they occur. 
Personally identifiable information, such as name and 
address, will not be recorded on REDCap® data to ensure 
the anonymity of individual participants.

Primary endpoint
The primary endpoint is the proportion of patients 
who meet the criteria for ipsilateral reoperation within 
6 months of surgery.

Criteria for reoperation
Reoperation is indicated when the following two criteria 
are simultaneously fulfilled:

 (i) Neurological symptoms are present that are con-
sidered to be caused by ipsilateral CSDH.

 (ii) The hematoma has increased in size compared 
to immediately after surgery and compressed the 
brain parenchyma in CT scans.

Secondary endpoints

• The proportion of reoperations within 6 months
• The proportion of reoperation stratified by preopera-

tive hematoma architecture determined by CT scans
• Modified Rankin Scale, Glasgow Coma Scale, and 

Markwalder classification at 6 months
• Mortality at 6 months
• Complications related to the operation
• Length of hospital stay from surgery to discharge 

(including time spent in a rehabilitation unit)
• Duration of the surgical procedure

Participant timeline {13}
Data will be recorded in Research Electronic Data Cap-
ture (REDCap®) preoperatively, intraoperatively, within 
72 h (postoperatively), at hospital admission, 4–6 weeks 
(postoperatively), and 6  months (postoperatively) 
(Fig. 1).

Sample size {14}
The present study aimed to recruit 1186 cases, with 593 
patients allocated to each group. The target number of 
cases was determined based on a previous meta-analysis 

Table 3 Glasgow Coma Scale (GCS)

Eye opening Verbal response Motor response

Score Description Score Description Score Description

4 Eyes open spontaneously 5 Orientated 6 Obeys commands

3 Eye opening to sound 4 Confused 5 Localizing pain

2 Eye opening to pain 3 Inappropriate words 4 Withdrawal from pain

1 No eye opening 2 Incomprehensible sounds 3 Abnormal flexion to pain

1 No verbal response 2 Abnormal extension to pain

1 No motor response

Table 4 Markwalder classification

Grade Description

0 Patient neurologically normal

1 Patient alert and oriented; mild symptoms 
such as headache; absent or mild neurological 
deficit, such as reflex asymmetry

2 Patient drowsy or disoriented with variable 
neurological deficit, such as hemiparesis

3 Patient stuporous but responding appropriately 
to noxious stimuli; severe focal signs, such 
as hemiplegia

4 Patient comatose with absent motor responses 
to painful stimuli; decerebrate or decorticate 
posturing
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that examined the efficacy of irrigation for CSDH. A meta-
analysis reports a recurrence proportion of 8.06% (38/471) 
in the irrigation group and 13.05% (59/452) in the non-
irrigation group; however, this difference was not statisti-
cally significant [17]. The 95% confidence intervals were 
5.8–10.9% for the irrigation group and 10.1–16.5% for the 
non-irrigation group. To account for the differences in out-
come measures between the prior and present studies, we 
set the proportions of patients meeting the criteria for ipsi-
lateral reoperation at 7% for the irrigation group and 12% 
for the non-irrigation group. Using α = 0.05 and β = 0.20 
and accounting for a 10% dropout proportion, a total of 
1186 cases, with 593 cases in each group, have been calcu-
lated to be necessary for the current study. In determining 
the sample size, the sample size calculation tool for 2 × 2 

contingency tables by Kazuhiko Nagashima was used [35] 
(https:// nshi. jp/ conte nts/ js/ twofr eq/).

Recruitment {15}
All CSDH patients who meet the eligibility criteria are 
eligible to participate. If the doctors at each site can-
not immediately determine whether a patient is eligible 
to participate, the Nagoya University research team will 
respond to queries.

Assignment of interventions: allocation
Sequence generation {16a}
Randomization was performed using a minimiza-
tion method of balancing age (69  years or younger vs. 
70 years or older), hematoma architecture on CT scans 
(homogeneous, stratified, isolated, and trabecular), the 

Fig. 1 Checklist table. †Timepoint =  − t1, baseline (before surgery); 0, allocation; t1, surgery; t2, within 72 h after surgery; t3, at admission; t4, 
4–6 weeks after surgery; t5, 6 months after surgery. *If reoperation has not been performed at 6 months postoperatively, imaging studies must be 
performed in patients with worsening neurological symptoms. Radiological imaging is not always necessary if the patient’s symptoms are stable

https://nshi.jp/contents/js/twofreq/


Page 7 of 11Nagashima et al. Trials            (2024) 25:6  

presence of antiplatelet therapy, preoperative GCS score 
(13 or lower vs. 14 or higher), and institution at baseline 
in a 1:1 ratio. If there is a small contralateral hematoma, 
only the hematoma architecture is considered when 
performing surgery.

Concealment mechanism {16b}
Clinical information required for the minimization method 
would be inserted into a web-based registration system for 
allocation. This process will be performed before surgery, 
and no registrations will be accepted thereafter.

Implementation {16c}
Registration and randomization of patients will be per-
formed by the physician at each participating facility 
when the decision for surgery has been made and con-
sent from the patient or proxy has been obtained. The 
physician at each site will perform the surgery according 
to the method allocated in the web system.

Assignment of interventions: blinding
Who will be blinded {17a}
Given the nature of surgical intervention, it is impos-
sible to blind the medical staff involved. Furthermore, 
since the primary outcome measure is meeting the cri-
teria for reoperation, blinding the participants would be 
meaningless. Therefore, from the perspective of protect-
ing participants’ rights, participant blinding will not be 
implemented either.

Procedure for unblinding if needed {17b}
Blinding will not be performed in this study.

Data collection and management
Plans for assessment and collection of outcomes {18a}
All data will be collected and entered online by investiga-
tors at each site using REDCap®. The physician at each 
site will document medical records based on the data col-
lection items, and these records will be the primary source 
for input into REDCap®. The results will be verified by the 
Nagoya University research team during the study. If data 
has not been entered, an email will be sent to the investiga-
tors at each site to encourage them to enter the data.

Plans to promote participant retention and complete 
follow‑up {18b}
If the patient does not attend according to the estab-
lished schedule, the study investigator will contact 
the patient or family member to ask about the situa-
tion and whether the investigator can provide assis-
tance to avoid future missed sessions. If the patient 

cannot visit for the 6-month postoperative assessment 
of the primary outcome, the status would be checked 
telephonically.

Data management {19}
The REDCap online database serves as a platform for 
gathering and storing data in an academic context, 
ensuring password-protected access for authorized 
researchers. Physicians at each site can only enter and 
review data for their own site. Only the Nagoya Uni-
versity research team has access to data from all sites. 
This database incorporates mandatory data entry 
fields to minimize missing data. It also offers features 
such as range checking of data values and question 
branching. The gathered data will be handled and 
stored in compliance with the management plan estab-
lished according to Nagoya University’s Research Data 
Management Policy.

Confidentiality {27}
The forms used to code the patients are stored at each 
site in a locked cabinet accessible only to the investigators 
and administrators responsible for the study. Individual 
patient-identifiable information will not be entered into 
the REDCap®.

Plans for collection, laboratory evaluation, and storage 
of biological specimens for genetic or molecular analysis 
in this trial/future use {33}
No additional biological samples are collected from partici-
pants other than those taken as part of routine medical care.

Statistical methods
Statistical methods for primary and secondary outcomes 
{20a}
A statistician blinded to the treatment assignments will 
perform the analysis. For the primary endpoint, we will 
adhere to the intention-to-treat (ITT) principle; all 
patients who have been randomized and underwent sur-
gery will be analyzed according to the group they were 
allocated to, irrespective of the treatment they received. 
When outcomes are missing for these patients, they will 
be treated as not having met the criteria for reopera-
tion. The comparison for this endpoint between the two 
groups will be made using Fisher’s exact test. As a sec-
ondary analysis, the odds ratio estimates and their 95% 
confidence intervals will be calculated for the primary 
endpoint and secondary endpoints of the proportion of 
reoperations, the proportion of deaths, and the propor-
tion of surgery-related complications. For the secondary 
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endpoints of mRS, change in GCS, time from surgery 
to discharge, and operative time, the two groups will be 
compared by calculating the mean difference between the 
groups and its 95% confidence interval. 95% confidence 
intervals will be calculated using the Clopper-Pearson 
and bootstrap methods, respectively.

Interim analyses {21b}
No interim analyses are planned.

Methods for additional analyses (e.g. subgroup analyses) 
{20b}
Subgroup analyses or other exploratory analyses may be 
added if necessary.

Methods in analysis to handle protocol nonadherence 
and any statistical methods to handle missing data {20c}
If a significant amount of data is missing for any of the 
secondary endpoints or other analyses, we will conduct 
exploratory analyses to assess the impact of the missing 
data.

Plans to give access to the full protocol, participant 
level‑data, and statistical code {31c}
The protocol for this clinical trial is publicly available. The 
data sets and statistical codes analyzed in this study are 
available from the corresponding author upon reason-
able request. Prior to data lock, a statistical analysis plan 
(SAP) will be established. This plan is essential and will 
be promptly registered with the jRCT upon completion. 
All subsequent analyses will be conducted in accordance 
with this SAP.

Oversight and monitoring
Composition of the coordinating center and trial steering 
committee {5d}
The study is planned, conducted, and coordinated by 
the Nagoya University research team. Day-to-day sup-
port for the study will be provided by the Nagoya Uni-
versity research team’s coordination and management 
practitioner. The study’s conduct, safety, recruitment, 
and follow-up are to be reviewed monthly. The data man-
agement officer will manage the data appropriately and 
ensure quality, reliability, and integrity. Additionally, the 
Nagoya University research team will double-check the 
investigator’s decisions about whether patients meet the 
criteria for reoperation, the primary endpoint, before 
data locking.

Composition of the data monitoring committee and its role 
and reporting structure {21a}
A monitor authorized by the Nagoya University School 
of Medicine will supervise the sources of consent forms 
and clinical data collected at each facility. Case regis-
tration will be temporarily suspended if the number 
of cases confirmed by monitoring shows discrepancies 
between the assigned treatment group and the irriga-
tion information collected by REDCap® exceeds 5% 
of the target number of cases for this trial (59 cases). 
Subsequently, an independent monitoring committee 
consisting of three external experts who are not affili-
ated with this study will be consulted for advice on the 
feasibility of continuing this trial as well as on measures 
to prevent noncompliance with the assigned treatment 
group if the trial is to be continued. The independent 
monitoring committee has the following three mem-
bers: Masahito Hara, Department of Neurosurgery, 
Aichi Medical University Graduate School of Medicine, 
Nagakute, Aichi, Japan; Norimoto Nakahara, Depart-
ment of Neurosurgery, Nagoya Central Hospital; and 
Masasuke Ohno, Department of Neurosurgery, Aichi 
Cancer Center Hospital, Nagoya, Japan.

Adverse event reporting and harms {22}
Expected adverse events include cerebral hemorrhage, 
ischemic stroke, wound infection, and meningitis, and 
all other adverse events will be collected. These adverse 
events will be rated in terms of severity on a 5-point scale 
from grades 1 to 5 based on the Common Terminology 
Criteria for Adverse Events (CTCAE). The investiga-
tor will immediately report any serious adverse events 
related to the clinical trial to the hospital director and the 
investigators managing the study (Y. N., R. S.). Data on 
all serious adverse events will also be collected in RED-
Cap®. All data on adverse events will be published with 
the study results.

The principal investigator of the study will consider the 
continuation or discontinuation of the research under the 
following circumstances:

• If a serious adverse event or disease report suggests 
that continuing the study poses safety concerns

• If recruiting participants for the study becomes chal-
lenging, making it difficult to achieve the planned 
number of cases

• When significant new information regarding the 
quality, safety, or efficacy of the medication and sur-
gical procedure is obtained

• If the certified clinical research review committee 
directs changes to the research plan and it is deemed 
difficult to comply with these changes
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Frequency and plans for auditing trial conduct {23}
There are no audits of study conduct planned for this 
study, other than monitoring.

Plans for communicating important protocol amendments 
to relevant parties (e.g., trial participants, ethical 
committees) {25}
The research will be conducted following the most 
up-to-date version of the protocol. Any modifications 
made to the protocol document or informed con-
sent form will be recognized as amendments. These 
amendments will be described and formally submitted 
for review and approval by the Nagoya University Eth-
ics Committee.

Dissemination plans {31a}
A comprehensive plan for publication and dissemination 
will be formulated, encompassing the delivery of research 
findings through conference presentations and the publi-
cation of peer-reviewed research articles.

Discussion
This is to be the largest RCT investigating the effect of 
ACF irrigation on CSDH. Optimization of treatment 
strategies is required to reduce the recurrence proportion 
as the incidence of CSDH has been increasing worldwide, 
beyond Japan, owing to the aging population in recent 
years.

If the current study indeed confirms the recurrence 
proportion reduction with ACF irrigation, the surgi-
cal process for CSDH would be optimally achieved. This 
reduction in the need for reoperation would therefore 
significantly contribute to the maintenance of activities 
of daily living in geriatric care and ease the workload of 
medical staff.

The strength of this study lies in the large number of 
registered cases, with 1186 cases compared to previous 
trials, making it a considerably larger trial.  The num-
ber of cases planned for enrollment is more than dou-
ble that of an ongoing trial in Finland [36]. With such 
a large number of cases, the effectiveness of irrigation 
based on the risks of recurrence could be explored, 
including hematoma architecture on CT scans. CSDH 
is known to have varying proportions of recurrence 
based on preoperative clinical and imaging character-
istics such as hematoma size, midline shift, and inter-
nal architecture [37]. Therefore, this study aims to 
investigate whether irrigation of hematomas with ACF 
is effective and is expected to provide a more person-
alized and effective approach for CSDH treatment. A 
limitation of this study is the possibility of bias due to 
the inability to blindly use irrigation fluid.

Trial status
Patient enrollment would subsequently commence after 
each site’s permission to participate in the study was 
obtained. The first participant was enrolled in this study 
on January 31, 2023. The recruitment of participants is 
planned to be completed by June 30, 2025.
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