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Abstract

Background Chronic subdural hematoma (CSDH) is a rapidly growing neurosurgical condition, driven primarily

by an aging population and the increasing use of antithrombotic medications. Approximately 25% of CSDH patients
are on anticoagulants due to atrial fibrillation (AF). The postoperative management of these patients presents a sig-
nificant clinical challenge, as clinicians must balance the risks of thromboembolic and hemorrhagic complications.
Currently, no evidence-based guidelines exist regarding the optimal timing for resuming anticoagulation therapy
after surgery. This study aims to evaluate the net effect of early versus late postoperative resumption of oral anticoag-
ulation in CSDH patients with AF. We hypothesize that early resumption will result in fewer thromboembolic compli-
cations and vascular deaths, without increasing the risk of hemorrhagic complications.

Methods This is an investigator-initiated, international, multicenter, superiority, two-arm, assessor-blinded, phase 3
trial with 1:1 randomization, comparing early resumption (defined as 5 days) and late resumption (defined as 30 days)
of oral anticoagulation medication after CSDH surgery in patients with AF. The primary outcome is a composite
outcome that combines thromboembolic events, hemorrhagic events, and vascular death within 90 days of the sur-
gery. Secondary outcomes include reoperations, functional outcome, and adverse events. The estimated sample size
is 332 patients to achieve an 80% power and a two-sided alpha of 0.05 for the primary outcome, including potential
dropouts.

TJiri Bartek, Nils Danner, Oula Knuutinen, Teemu Luoto, Jussi P Posti, and Jarno
Satopéa share equal contributions.

*Correspondence:

Rahul Raj

rahul.raj@hus fi

Full list of author information is available at the end of the article

©The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

you modified the licensed material. You do not have permission under this licence to share adapted material derived from this article or
parts of it. The images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To
view a copy of this licence, visit http://creativecommons.org/licenses/by-nc-nd/4.0/.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13063-025-09133-w&domain=pdf
http://orcid.org/0000-0003-4243-9591

Raj et al. Trials (2025) 26:515

Page 2 of 17

patients with AF worldwide.

Discussion This is the first large-scale RCT addressing the critical evidence gap in anticoagulation timing after CSDH
surgery. If early resumption proves superior, it could transform clinical practice by reducing thromboembolic com-
plications without increasing hemorrhagic risk, potentially improving outcomes for the growing population of CSDH

Trial registration The study is registered on June 4, 2025. The EU Clinical Trials Register (EUCTR) under identifier EUCT
2025-521179-29-00 (https://euclinicaltrials.eu/search-for-clinical-trials/?lang=en&EUCT=2025-521179-29-00).
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Introduction

Chronic subdural hematoma (CSDH) is one of the fast-
est-growing neurosurgical diseases worldwide, antici-
pated to become the most common type of intracranial
surgery by 2030 [1]. This rise is largely driven by an aging
population and increased use of antithrombotic medica-
tions, with as many as 50% of CSDH patients being on
antithrombotic medication at diagnosis [2-4]. Up to
half of these, or 25% of all CSDH patients being oper-
ated, are on oral anticoagulants due to atrial fibrillation
(AF) [5-9]. Moreover, the rising number of patients on
oral anticoagulation medication for AF suggests a grow-
ing proportion of CSDH cases involving anticoagulation
therapy for AF in the future. [10, 11].

CSDH patients with AF requiring surgery face a sig-
nificant clinical challenge. When a patient on antico-
agulation medication presents with CSDH, the standard
approach is to withhold their anticoagulation therapy
to prevent hematoma expansion, which could result in
severe neurological impairment or death. However, with-
holding anticoagulation therapy exposes the patients to
an increased risk of thromboembolic complications. Data
show that the thromboembolic risk is especially high
after surgery for CSDH, with a rate of early postoperative
thromboembolic events ranging from 2 to 23% [12—19].

Despite the importance of the issue, there is a critical
lack of evidence-based guidelines to determine the opti-
mal timing for resuming anticoagulation therapy after
CSDH surgery. For example, recent randomized con-
trolled trials (RCTs) for CSDH show varied anticoagula-
tion resumption protocols, ranging from 2 to 10 weeks
post-surgery [5, 8, 20], with some trials lacking specific
protocols [6, 21-23]. The lack of evidence-based guide-
lines on when to resume anticoagulation after CSDH
surgery remains a significant controversy, constituting
a daily clinical dilemma for neurosurgeons, balancing
between the perceived risk of hemorrhagic complica-
tions versus thromboembolic complications [12, 24—26].
A thromboembolic event significantly worsens patient
outcomes with up to 70% of those experiencing throm-
boembolic complications after CSDH surgery have
poor functional outcomes at 6 months [27, 28]. Mean-
while, the association between resuming antithrombotic

medication and risk of hemorrhagic complications and
CSDH recurrences is uncertain. Some studies report no
increased risk of hemorrhagic complications [12-14,
29, 30] or CSDH recurrences [15, 29-36], while others
report an increased risk of CSDH recurrences [24, 37—
40]. Furthermore, the association between CSDH recur-
rence and functional outcome is inconsistent, with some
studies reporting an association between CSDH recur-
rence and poorer functional outcome [41-43], while
some studies did not find any association [44, 45]. Over-
all, the balance of risks and benefits appears to favor early
resumption of anticoagulation therapy. However, even
as emerging evidence suggests that middle meningeal
artery (MMA) embolization may be a treatment option
for CSDH patients on anticoagulation medication, it does
not provide immediate relief of compression symptoms
caused by the hematoma [46—48]. Thus, the necessity of
surgical evacuation of CSDHs, even in patients with anti-
coagulation medication, remains essential, underscoring
the need for a well-designed RCT.

This study aims to address the net effect of early ver-
sus late resumption of anticoagulation in operated CSDH
patients with AF. We hypothesize that early resumption
will reduce the incidence of thromboembolic complica-
tions without increasing the risk of hemorrhage.

Materials and analysis

Primary objective

The primary objective of the RELACS trial is to estimate
the net effect of early resumption versus late resump-
tion of oral anticoagulation medication in patients with
AF undergoing surgery for CSDH. Net effect is estimated
by a composite outcome that combines thromboembolic
events (ischemic stroke, systemic embolism), hemor-
rhagic events (intracranial hemorrhage, major extracra-
nial bleeding) and vascular death.

Secondary objectives

The secondary objectives are to assess reoperations,
functional outcome, all-cause mortality, separate vascu-
lar events and healthcare service use after early versus
late resumption in patients with AF undergoing surgery
for CSDH.
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Hypothesis

The trial hypothesis is that early resumption (5 days)
compared to late resumption (30 days) of oral anticoag-
ulation medication will result in fewer thromboembolic
complications and vascular deaths with no increase in
hemorrhagic complications in patients with AF undergo-
ing CSDH surgery.

Overview of study design
RELACS is an international, multicenter, superiority ran-
domized controlled, two-arm, assessor-blinded, phase 3
trial with the primary aim to compare early resumption
of oral anticoagulation medication versus late resump-
tion after surgery for CSDH in patients with AF. Eligible
patients will be block randomized in a 1:1 allocation rate
to one of two arms: (1) oral anticoagulation medication
resumption 5 days after the surgery and (2) oral anticoag-
ulation medication resumption 30 days after the surgery.
The study is registered at EU Clinical Trials (EU CT
number: 2025-521179-29-00). The protocol has been
written according to the Standard Protocols Items: Rec-
ommendations for Interventional Trials (SPIRIT) guide-
lines for reporting a RCT study protocol (the SPIRIT
Checklist is available in the Online Material, p2 [49].

Study settings

Participating sites are all five neurosurgical departments
in Finland and Karolinska University Hospital (Stock-
holm, Sweden). The Finnish centers are Helsinki Uni-
versity Hospital (Helsinki, Finland), Kuopio University
Hospital (Kuopio, Finland), Tampere University Hospital
(Tampere, Finland), Turku University Hospital (Turkuy,
Finland), and Oulu University Hospital (Oulu, Finland).
All participating sites are tertiary neurosurgical referral
centers.

Participant selection and recruiting process

We will screen all patients who are referred for CSDH
surgery to the recruiting centers for trial eligibility. A
standard clinical examination and a brain computed
tomography (CT) or magnetic resonance imaging (MRI)
examination will be performed. Patients with clinical and
imaging findings consistent with a diagnosis of sympto-
matic CSDH and considered to benefit from operative
treatment of CSDH by single burr-hole evacuation will be
asked to participate in the trial. The local research team
at each site will be responsible for enrolling participants
and obtaining informed consent.

All patients considered for recruitment are to be
on an oral anticoagulation medication due to perma-
nent, persistent or paroxysmal spontaneous AF that
was previously known. All types of oral anticoagulation
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medications are considered (warfarin (Marevan®), rivar-
oxaban (Xarelto®), dabigatran (Pradaxa®), apixaban (Eli-

quis®), edoxaban (Lixiana®)).

Inclusion and exclusion criteria

Adult patients with oral anticoagulation medication due
to previously known permanent, persistent or paroxys-
mal spontaneous AF with a symptomatic unilateral or
bilateral CSDH requiring burr-hole evacuation are eligi-
ble for the trial. The specific inclusion criteria are:

— Age>18 years
— DPatients with a symptomatic unilateral or bilateral
CSDH requiring burr-hole evacuation

Bl CSDH is predominantly hypodense or isodense
on imaging (CT/MRI)

M Clinical symptoms attributable to the CSDH

M If bilateral symptomatic hematomas are pre-
sent and require bilateral surgery, both sides will be
treated using burr-hole evacuation (patients with
bilaterally operated CSDHs will be treated with the
same protocol on both sides and analyzed as a single
study participant).

— DPatients that are on an oral anticoagulation medi-
cation due to permanent, persistent or paroxysmal
spontaneous AF previously known

— Randomization done within 4 days of the surgery

— DPatients with cognitive impairment, including mild
cognitive impairment or dementia, are eligible if
a legally authorized representative can provide
informed consent on their behalf, as detailed in the
informed consent section

— Patients on standard or reduced doses of oral antico-
agulants for stroke prevention in atrial fibrillation are
eligible. Reduced doses must be in accordance with
approved dosing recommendations and clinical prac-
tice guidelines based on patient-specific factors such
as renal function, age, and body weight.

Exclusion criteria are:

— Intraoperative or immediate postoperative hemor-
rhagic complication
Il Reason: If there is an acute procedure-related
hemorrhagic complication, resumption of antico-
agulation medication after the surgery may not be
safe.
— Chronic subdural hematoma (CSDH) requiring sur-
gical treatment other than burr-hole evacuation (e.g.,
craniotomy)
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l Reason: Craniotomy is a more invasive proce-
dure than burr-hole evacuation and resumption of
oral anticoagulation medication after 5 days may
not be safe. Further, craniotomy is often reserved
for patients with acute and/or subacute subdural
hematomas.

— Prior CSDH surgery within 12 months

B Reason: To avoid including early recurrences
that have a higher likelihood of further recur-
rences.

— Cerebrospinal fluid shunt

B Reason: CSF drainage may impact the natural
history and recovery of CSDH by altering the CSF
resorption and flow.

— CSDH is in an arachnoid cyst

Il Reason: CSDHs in arachnoid cysts probably fol-
low a different pathogenesis and natural history
than normal CSDHs.

— If the operated hematoma reveals to be a cerebrospi-
nal fluid collection (hygroma)

B Reason: Hygroma is a different entity from
CSDH.

— Conditions other than atrial fibrillation (AF) that
require anticoagulation, including therapeutical dose
of low molecular-weight heparin or heparin (for
example, pulmonary embolism, deep vein thrombo-
sis, hypercoagulability syndromes)

B Reason: Other indications for current anticoag-
ulation medication in addition to AF increase the
overall thromboembolic risk and resuming antico-
agulation medication after 30 days may not be safe.

— Mechanical heart valve(s)

B Reason: DOACs are contraindicated for
mechanical prosthetic valves and for moderate to
severe mitral stenosis [50].

— Moderate or severe mitral stenosis (other valvular
diseases and biological valves are eligible)

B Reason: DOACs are contraindicated for
mechanical prosthetic valves and for moderate to
severe mitral stenosis [50].

— Contraindication to anticoagulation medication (for
example bleeding disorder, documented high risk of
fall (e.g., due to severe alcoholism), severe thrombo-
cytopenia, severe anemia)

B Reason: Anticoagulation medication may need
to be discontinued after surgery if a contraindica-
tion is detected or diagnosed. Randomization can-
not be carried out.

— Concomitant use of antiplatelet medication

Bl Reason: Patients on concomitant antiplatelet
and anticoagulation therapy (e.g., due to recent
coronary stenting) are at a high risk of thrombo-
embolic complications and these patients’ antico-
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agulation medication often need to be individual-
ized. Randomization cannot safely be carried out.

— Moderate to severe renal insufficiency (creatinine
clearance <30 ml/min or on dialysis)

Il DOACs are contraindicated in severe renal
insufficiency or in end-stage renal disease [50].

— Not a permanent resident in Finland (for Finn-
ish patients) or not a permanent resident in Region
Stockholm (Swedish patients).

— Women of childbearing potential

M Potential harmful effects of medication

Informed consent

The treating physician will provide the patients with
detailed written and oral information on the trial, includ-
ing its nature, objectives, benefits, risks, expected dura-
tion, alternative treatments, and the right to withdraw,
and ask patients to sign an informed consent form within
4 days of the surgery. Withdrawal from the study is pos-
sible at any time, without affecting the course of conven-
tional treatment, in accordance with the latest version of
the Declaration of Helsinki 2024 [51]. Due to the nature
of CSDH (mass effect on the brain causing confusion and
disorientation, lowered level of consciousness, neuro-
logical disability), some patients will not be able to give
written consent Prior to randomization. Based on our
previous study, approximately 20% of patients may have
a reduced capacity of giving informed consent after the
surgery [52]. In these cases, written informed consent
will be obtained from a legally authorized representative
(LAR), such as the patient’s next-of-kin or legal guardian,
before randomization into the trial. If a patient regains
the capacity to provide consent after randomization, the
treating physician will provide the patient with the same
detailed written and oral information about the trial and
request their written informed consent at the earliest fea-
sible opportunity. The patient, or their LAR if the patient
remains incapacitated, retains the right to withdraw con-
sent at any time without any impact on the patient’s con-
ventional treatment or care. The original Swedish model
consent form and a full English translation are available
in the Online Material.

Collected data

We will document data in the electronic case report form
(eCRF) on admission, intraoperatively, and at 90 days
after surgery (see Table 1 for participant timeline). To
preserve confidentiality, all participants are allocated
a unique study identifier during the recruitment pro-
cess, which is used on all data collection forms. All
study documentation is held in secure offices, and the
study researchers operate according to a signed code
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Table 1 Participant timeline
STUDY PERIOD
Enrolment Allocation | Post-allocation Close-out
TIMEPOINT (:rde':li‘srzi:r;) Days <4 | Day 5 | Day 30 | 90 days (+14 days)
ENROLMENT:
Eligibility screen X X
Informed consent X
ALLOCATION:
Randomization X
INTERVENTIONS:
Early resumption X ¢ %
Late resumption X ¢ =
ASSESSMENTS:
Baseline data X
Surgical details X
Modified Rankin Scale X X X
Primary outcome X
Secondary outcomes X
Adverse events X X X X

*TIMEPOINT refers to the number of days relative to the index CSDH surgery (Day 0)

of confidentiality. All data are entered into a password-
secured database by the data managers.

Surgical technique

The standard surgical management of patients with
CSDH in the study centers involves single burr-hole sur-
gery under local anesthesia, followed by subdural irriga-
tion [7] at body temperature [23] and generally subdural
or subgaleal drain placement. All burr-hole evacuations

will be performed by neurosurgical residents or board-
certified neurosurgeons, reflecting the standard of care
within the participating university hospitals. To ensure
the pragmatic design and generalizability of the trial
results, we will allow for variations in surgical technique
(e.g., one vs. two burr-holes) and postoperative drain-
age (e.g., no drain, subdural vs. subgaleal) [8, 9, 22, 53].
The variation in surgical technique may affect some sec-
ondary outcome measures (e.g., reoperations) but it is
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implausible that it would influence the components of
the primary composite outcome measure [7, 9, 23, 54].

Middle meningeal artery embolization

We will allow for additional MMA embolization during
the hospital stay as an adjunct to burr-hole surgery. The
performance of MMA embolization during the index
hospitalization will be recorded in the CRE. MMA embo-
lizations performed after the index hospitalization due
to a recurrent ipsilateral CSDH (on the same side as the
surgery) will be recorded as reoperations. MMA embo-
lizations performed after the index hospitalization due
to the occurrence or growth of a new symptomatic con-
tralateral CSDH will be recorded as a hemorrhagic com-
plication. MMA embolizations performed as sole therapy
for a CSDH not treated with burr-hole surgery during the
index hospitalization, if a contralateral CSDH was oper-
ated on, will not be recorded.

Other treatment

Other medical treatments for CSDH, such as dexametha-
sone, tranexamic acid, angiotensin-converting enzyme
inhibitors, or statins are not routinely used in the trial.
The use of low-molecular heparin (LMWH) for venous
thrombosis prophylaxis is permitted and will be recorded
in the CRF [55].

Randomization

Patients will be randomized in a 1:1 allocation ratio strat-
ified by study center. We will use a random block rand-
omization technique, with a random block size of 4, 6,
or 8. A member of the RELACS study group will carry
out randomization perioperatively, either before or after
the surgery but latest within 4 days of the surgery. The
randomization is a built-in property in the online eCRF
system used in the trial (provided by REDCap) [56, 57].

Intervention

Early anticoagulation resumption

Oral anticoagulation medication will be resumed 5 days
after the CSDH surgery. The 5-day interval is based on
the following considerations:

— Retrospective studies suggest that anticoagulation
resumption after CSDH surgery may be safe as soon
as 3 days after the surgery [12, 30, 58].

— Resumption of direct oral anticoagulants (DOACs)
and warfarin 2-3 days after high-bleed risk surgery
is safe in patients with AF [59-61]. The PAUSE trial
showed that resuming DOACs 2-3 days (48-72 h)
postoperatively in patients with AF undergoing
major surgery or high bleeding risk surgery (includ-
ing neurosurgery), has a low risk (0.9-1.9%) of major
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postoperative bleeding and a low risk of thromboem-
bolism (0.2-0.6%) [62]. Further, most of major post-
operative bleedings occur within 5 days of the sur-
gery, which would make the patient ineligible for this
trial [62, 63].

— To account for the potential bleeding pathogenesis
of CSDH, anticoagulants will be resumed 5 days,
instead of 2—3 days, after the surgery. As a safeguard
mechanism, intraoperative hemorrhagic complica-
tion is an exclusion criterion for enrolment into the
study. DOACs and warfarin (the patient’s preopera-
tive anticoagulation medication) will both be started
on the 5th postoperative day. Since it is anticipated
that the time to reach the full anticoagulative effect
of warfarin will be delayed compared to DOACs [64,
65], a predefined subgroup analysis comparing those
on DOACs versus warfarin is planned.

Late anticoagulation resumption

Oral anticoagulation medication will be resumed 30 days
after the CSDH surgery. The 30-day interval is based on
the following considerations:

— We conducted a rapid systematic review of published
RCTs in CSDH from January 1, 1990, to July 27, 2024,
that showed that the mean time to resume antico-
agulation medication after surgery for CSDH was
4 weeks (Online Material, p6).

— In a meta-analysis of 13 studies that included timing
of oral anticoagulation medication resumption after
intracranial hemorrhage, the mean time to resume
anticoagulation medication was 31 days [66].

— Resumption of oral anticoagulants after 30 days is the
conventional care in the participating sites. Thus, to
adhere to the pragmatic design of the trial, the late
group was set to resume the anticoagulation medica-
tion after 30 days.

Blinding

This is an open-label trial with blinded endpoint assess-
ment. Due to the nature of the intervention, which
involves a specific medication schedule, trial participants
and their treating clinicians (care providers) will not be
blinded to the treatment allocation. To minimize poten-
tial bias, the following roles will be blinded: outcome
assessors (the primary and secondary endpoints will be
collected via a structured telephone interview conducted
by a trained assessor who is unaware of the patient’s
treatment allocation), Data and Safety Monitoring Board
(DSMB, the DSMB will only review blinded data dur-
ing interim analyses), Data Interpretation Committee (a
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blinded committee will interpret the final study results
before the randomization code is broken [67]).

Adherence with trial intervention

In Finland, adherence to DOACs is generally high [68,
69]. However, to further ensure protocol adherence,
research personnel will contact patients by telephone
either 1 day before or on the day they are scheduled to
begin anticoagulation medication, serving as a reminder.
Patients who are discharged with a neurological status
sufficient to maintain a medication diary will be provided
with one, and these diaries will be collected at the end of
the follow-up period. For patients who are transferred to
further care or are deemed unable to reliably complete a
medication diary, adherence to anticoagulation medica-
tion will be monitored by reviewing patient records and
medication logs. It is important to note that all health-
care units in Finland and Sweden utilize electronic health
records, facilitating accurate tracking of medication
adherence. This approach aligns with the strategy used in
the Dex-CSDH trial [6].

For subjects who receive warfarin, monitoring the
international normalised ratio (INR) is a more appro-
priate measure of adherence than direct questioning.
Overall percentage of time in a defined therapeutic
range (usually INR 2-3) will be derived by using a linear
interpolation method described by Rosendaal and col-
leagues, which assumes that the INR value between two
measurements increases or decreases linearly from the
first value to the second value [70]. Accordingly, we will
impute daily INR values between two consecutive meas-
urements, which assumes a linear increase or decrease
between the two values [71-74].

Adherence with trial protocol

The final decision to initiate, delay, or discontinue oral
anticoagulation for any patient will ultimately rest with
the treating clinician, based on their assessment of the
patient’s clinical status and safety. This principle applies
in all circumstances, including but not limited to the
occurrence of a new thromboembolic or bleeding event
prior to the scheduled resumption of anticoagulation or
a patient’s request to alter the timing of their medication.
All instances of deviation from the assigned intervention
schedule, along with the clinical reasoning, will be docu-
mented in the eCRF. For the primary analysis, all patients
will be analyzed according to the intention-to-treat prin-
ciple, as part of their original randomized group.

Primary outcome measure

The primary outcome is the composite of thrombo-
embolic events (ischemic stroke, systemic embolism),
hemorrhagic events (intracranial hemorrhage, major
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extracranial bleeding) and vascular death within 90 days
of the index CSDH surgery [75-77].
Ischemic stroke is defined as:

— New sudden focal neurological deficit of presumed
cerebrovascular etiology, occurring>24 h after the
index surgery, that either [78]:

O Is confirmed by brain imaging (CT/MRI) showing
evidence of cerebral infarction; or

O Persists over 24 h with other potential etiologies
excluded

Note that transient ischemic attacks (TTIA) will not be
classified as a new ischemic stroke but will be recorded as
an adverse event.

Systemic embolism includes arterial thromboembolic
events:

— Myocardial infarction is defined as clinical evidence
of acute myocardial ischemia and with detection of
a rise and/or fall of cardiac troponin values with at
least 1 value above the 99th percentile upper refer-
ence limit and at least one of the following: (1) symp-
toms of myocardial ischemia, (2) new ischemic ECG
changes, (3) development of pathological Q waves,
(4) imaging evidence of new loss of viable myocar-
dium or new regional wall motion abnormality in
a pattern consistent with an ischemic etiology, (5)
identification of a coronary thrombus by angiography
or autopsy [79].

— Systemic embolism is defined as an abrupt vascular
insufficiency associated with clinical or radiologi-
cal evidence of arterial occlusion of an extremity or
organ in the absence of another likely mechanism
(e.g., atherosclerosis, instrumentation, or trauma).
In the presence of peripheral artery disease, diag-
nosis of embolism to the lower extremities requires
angiographic demonstration of acute arterial occlu-
sion [80]. For example, lower limb ischemia, upper
limb ischemia or mesenteric ischemia due to vascular
occlusion.

Intracranial hemorrhage is defined as:

— New contralateral CSDH or growth of contralateral
CSDH that requires surgery or MM A-embolization
(ipsilateral CSDH recurrence defined as a separate
secondary outcome) based upon radiological investi-
gations.

— Spontaneous intracranial hemorrhage is defined
as any new findings of spontaneous non-traumatic
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intracranial hemorrhage based upon radiological
investigations.

— New traumatic intracranial hemorrhage is defined
as any new findings of traumatic intracranial hemor-
rhage based upon radiological investigations.

O Rationale: Patients with CSDH may have a low-
ered functional capacity after the surgery and may
be at heightened risk of falling. Thus, traumatic
intracranial hemorrhage constitutes a relevant
safety outcome measure.

Major extracranial hemorrhage [81] is defined as:

— Fatal bleeding and/or

— Decrease in hemoglobin of>20 g/L over a 24-h
period or transfusion of > 2 units of packed red blood
cells and/or

— Symptomatic bleeding in a critical area or organ,
intraspinal, intraocular, retroperitoneal, intra-articu-
lar or pericardial, or intramuscular with compart-
ment syndrome. Note that intracranial hemorrhages
are recorded separately and not included here.

Vascular death is defined as any death that is due to a
vascular cause.

— Defined as a cause of death ICD-10 diagnosis of
100-199 according to National Cause of Death Reg-
isters in Finland and Sweden. In Finland, Statistics
Finland have has upheld a classification of causes of
death since 1969, and in Sweden, The National Board
of Health and Welfare has upheld a classification of
causes of death since 1952 [82].

Secondary outcome measures

The study is not powered for secondary outcome meas-
ure comparisons and these outcomes (analyses) will be
considered exploratory. The secondary outcomes are:

— Separation of the components of the primary com-
posite outcome: thromboembolic events, hemor-
rhagic events and vascular deaths (time frame:
90 days)

— Separation of different etiologies of hemorrhagic
complications (time frame: 90 days)

— Composite outcome using all-cause mortality instead
of vascular death (time frame: 90 days)

— All-cause mortality and vascular deaths (time frame:
90 days and 12 months)

— Sliding modified Rankin Scale (time frame: 90 days)

O Adjusting for baseline mRS, preoperative mRS
and randomization (postoperative) mRS
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— Modified Rankin Scale 0-3 vs. 4—6 (time frame:
90 days)

— Modified Rankin Scale 0-4 vs. 5-6 (time frame:
90 days)

— Reoperation of ipsilateral hematoma (time frame:
90 days)

O MMA embolizations are also recorded

O The decision to proceed to reoperation is made
by the treating neurosurgeon and will be made by
the same indications as the primary operation (i.e.,
symptom recurrence or insufficient resolution of
clinical symptoms correlating to imaging findings
(CT or MRI) of CSDH).

— Number and type of unscheduled emergency radio-
logical examinations (time frame: 90 days)

— Number of emergency department visits (time frame:
90 days)

— DPostoperative total hospitalization days, counted
from the day of surgery (time frame: 90 days)

Safety endpoints

An adverse event (AE) is defined as any untoward medi-
cal occurrence in a patient or clinical investigation sub-
ject administered a pharmaceutical product and which
does not necessarily have to have a causal relationship
with this treatment [83]. A serious adverse event (SAE) is
any untoward medical occurrence that at any dose:

— Results in death,

— Islife-threatening,

— Requires inpatient hospitalization or prolongation of
existing hospitalization,

— Results in persistent or significant disability/incapac-
ity, or

— Is a congenital anomaly/birth defect.

Events included in the primary composite outcome
(thromboembolic events, hemorrhagic events, and vas-
cular death) will be recorded and analyzed separately but
are not classified as AEs or SAEs for reporting purposes
as they constitute the primary outcome measure.

AEs will be collected from the time of randomiza-
tion until the end of follow-up. Data on AEs will be col-
lected via direct questioning during the 90-day follow-up
interview and by systematically reviewing participants’
comprehensive electronic health records. The local inves-
tigator will assess the causal relationship of each AE to
the intervention.

Investigators at each site are required to report all
SAEs to the sponsor-investigator (coordinating center)
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within 24 h of becoming aware of the event. The spon-
sor-investigator is responsible for reporting Suspected
Unexpected Serious Adverse Reactions (SUSARs) to the
relevant regulatory authorities within the legally man-
dated timeframes (7 days for fatal/life-threatening events;
15 days for all others). The authorized Summary of Prod-
uct Characteristics (SmPCs) for each anticoagulant will
serve as the Reference Safety Information (RSI) for the
trial.

Follow-up

The primary and secondary outcomes are assessed at
90+14 days after CSDH surgery by a structured tel-
ephone interview or clinical visit (according to the tel-
ephone interview instructions) by trained personnel,
who is not aware of the treatment allocation. The compo-
nents of the outcome measures will be verified by trained
research personnel following the structured, blinded tel-
ephone interview. Verification will be conducted using
Finland’s statutory nationwide centralized electronic
health records database—which includes comprehen-
sive data on all healthcare visits, diagnoses, surgeries,
prescriptions, laboratory investigations, and radiologi-
cal examinations—and, for Swedish patients, the equally
comprehensive regional electronic health records data-
base in Stockholm [84]. The date and causes of death will
be obtained from the statutory Finnish Official Cause-of-
Death Statistics (covering all residents in Finland) and the
statutory Swedish National Cause of Death Register (cov-
ering all residents in Sweden) [85, 86]. Thus, follow-up in
terms of the primary outcome is expected to be 100%. A
detailed description of the death registers in Finland and
Sweden is provided in the Online Material, p9.

Sample size

We estimated the incidence of the primary composite
outcome to be 19% among patients in the late resump-
tion group and 8% among those in the early resumption
group.

The estimate for the late resumption group was based
on a posthoc analysis of the FINISH trial, where the com-
posite outcome of arterial thromboembolic events, hem-
orrhagic events and vascular death was 19% [28].

The estimate for the early resumption group was based
on results from the ELAN trial for stroke [75], where the
composite outcome—including ischemic stroke, systemic
embolism, major extracranial bleeding, symptomatic
intracranial bleeding, or vascular death—was 2.9% for
the early resumption group (resumption within 48 h for
minor and moderate stroke, and at 6-7 days for major
stroke). Similarly, in the PAUSE study [62], the inci-
dence of thromboembolism, major bleeding, or death
was 2.0% among patients with AF undergoing elective
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surgery, with anticoagulant resumption at 1 day after low
bleeding-risk procedures and 2-3 days after high bleed-
ing-risk surgeries. However, since the context of CSDH,
which often requires emergency surgery, differs from that
of elective surgery (PAUSE study [62]) and acute stroke
(ELAN study [75]), the steering committee decided to set
an estimated rate of 8% for the early resumption group
for this trial [87].

Accordingly, using the error-spending O’Brien—Flem-
ing method, we calculated that 302 patients would be
needed for the trial to show superiority of early versus
late anticoagulation resumption with 80% power and a
two-sided alpha of 0.05 for the primary outcome [88—90].
The error-spending O’Brien-Fleming method was cho-
sen for its conservative early boundaries for the interim
analysis, while providing final critical values similar to a
fixed study design [88-90]. Accounting for a 10% drop-
out rate, the final recruitment target is set at 332 patients
(166 patients per group).

Data management

All study data will be stored in an eCRF provided by
REDCap on a server upheld by Helsinki University
Hospital [56, 57]. Data are entered locally by the local
research team. On receipt of the data, the RELACS per-
sonnel, blinded to the group allocation, will make a visual
check of the data and query all missing, implausible and
inconsistent data. Hospital patient records will also be
used to collect missing data and to interpret inconsistent
or implausible data. Participant files will be maintained in
storage (both in electronic and paper format) at the coor-
dinating center for a period of 25 years after completion
of the study and medical files in accordance with national
laws in Finland and Sweden.

Data sharing

Researcher-initiated data sharing is not possible due
to the Finnish Secondary Use Act (552/2019). Thus, all
requests to process data for purposes permitted by the
Secondary Use Act are given based on an official decision
made by FINDATA (https://findata.fi/en/).

Statistical analysis

We will have three analysis populations: intention-to-
treat (ITT), per-protocol (PP) and as-treated (AT). In
the ITT analysis, all patients will be analyzed accord-
ing to their randomized group assignments, with exclu-
sions only for cases of missing information. The criteria
for the PP and AT (cross-over) analysis populations are
described below.

Per protocol
Early resumption group:
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— Resumed anticoagulation within 7 days of the index
surgery.

— If a 1st reoperation occurs, resumed anticoagulation
5 days (latest 7 days) after the 1 st reoperation.

— Ifa 2nd reoperation occurs, resumed anticoagulation
30 days (+ 5 days) after the 2nd reoperation (standard
of care).

Late resumption group:

— Resumed anticoagulation within 30+5 days of the
index surgery.

— If a reoperation occurs, resumed anticoagulation
30 days after each reoperation (standard of care).

Cross-overs (as-treated)
Patients randomized to early resumption:

— Resumes within 7 days of index surgery: Not a cross-
over.

— Resumes 8-24 days after index surgery: Not a cross-
over.

— Resumes 30+ 5 days (25—35 days) after index surgery:
Cross-over to late resumption group.

Patients Randomized to Late Resumption:

— Resumes within 7 days of index surgery: Cross-over
to early resumption group.

— Resumes 8-24 days after index surgery: Not a cross-
over.

The effect of reoperations and anticoagulation medication
resumption after reoperation

It can be assumed that approximately 10-15% of patients
will undergo reoperation due to ipsilateral CSDH recur-
rence, directly influencing the management of anticoagu-
lation re-pausing and reinitiation [7, 23]. In the FINISH
trial, the median time to reoperation was 34 days (IQR
19-48 days), with only 3 out of 91 reoperations (3.3%)
occurring beyond 90 days. Therefore, reoperations are
highly likely to occur within the planned 90-day follow-
up period in this study. If a reoperation is necessary
during the follow-up period (ipsilateral reoperation or
contralateral first operation), the protocol outlined in
Table 2 is implemented. Given the uncertainty surround-
ing the optimal timing for anticoagulation medication
resumption and the potential risk of early resumption
increasing the risk of recurrences, we have determined it
necessary to resume anticoagulation therapy 30 days fol-
lowing a second reoperation. This approach is intended
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Table 2 Criteria for per-protocol and intention-to-treat in case of
reoperation during the follow-up period

Reoperation number Randomized group

Early resumption Late resumption

First reoperation Resume anticoagula- Resume antico-
tion medication 5 days  agulation medication
after the 1 st reopera- 30 days after the 1 st

tion reoperation

Second reoperation Resume anticoagula- Resume antico-
tion medication 30 days agulation medication
after the 2nd reopera- 30 days after the 2nd

tion reoperation

Reoperation defined as reoperation of an ipsilateral CSDH within 90 days of the
index surgery

Abbreviations: CSDH chronic subdural hematoma

to minimize the risk of recurrent reoperations while safe-
guarding patient outcomes.

Blinded data interpretation

As in previous studies [7, 91, 92], the results of this trial
will be interpreted using a blinded data interpretation
(BDI) scheme [93]. In brief, the trial PI, along with the
site Pls, is responsible for developing the BDI plan. This
plan is then presented to the trial statistician for review
and approval before being submitted to the entire Writ-
ing Committee for final approval and signatures. Once
approved, the trial statistician will first present the Writ-
ing Committee with blinded results labeled as group
A and group B. Then, the Writing Committee will con-
template the interpretation of the results until a con-
sensus is reached, and alternative interpretations of the
findings are agreed upon in writing. Once a consensus is
reached, the minute (“statement of interpretation”) of the
meeting is recorded and signed by all members of Writ-
ing Committee. Only after reaching common consensus
and agreement regarding the blinded trial results, will the
statistician break the randomization code. A manuscript
will then be prepared and finalized for the publication
of the results. Detailed minutes of BDI meetings will be
provided as a supplement to the trial manuscript.

Primary analysis
We will carry out statistical analyses according to the ITT
principle. We will perform the ITT analysis using the full
analysis set, defined as all randomized patients in the
groups allocated to by the randomization. No exclusions
other than caused by missing information will be made.
No imputation will take place, as we anticipate minimal
to no missing data for the primary outcome.

The primary analysis (according to the ITT principle)
estimates the percentage point difference in the primary
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composite outcome between the groups. The percent-
age point difference is calculated for the effect of early
versus late anticoagulation resumption using marginal
effects after fitting a logistic regression model adjusting
for study site. Study site adjustment will not be done in
case of 0 events in one of the two groups at a study site
to avoid sparse data bias. Given the sequential design
using the error-spending O’Brien-Fleming method, we
will consider the primary analysis to support superiority
if the incidence of the primary composite outcome is sig-
nificantly lower in the early resumption group compared
to the late resumption group. Superiority will be indi-
cated by a p-value <0.0490 after full patient recruitment
or a p-value <0.0031 at 50% recruitment (Table 3).

Secondary analyses

In addition to the primary ITT analysis, we will perform
the PP and AT analyses on the subset of the full analysis
set for patients that strictly adhered to the treatment pro-
tocol (PP) and for patients according to actual received
treatment (AT), using the same statistical principles as
the primary analysis.

Secondary outcomes will be analyzed using repeated
measures ordinal logistic, ordinal logistic, logistic and
linear regression models, adjusting for study site (no
study site adjustment if one of the groups has 0 events at
a study site). Subgroups will be analyzed using repeated
measures ordinal logistic, ordinal logistic, logistic and
linear regression, including an interaction term between
treatment-group and the subgroups of interest, adjusted
for study site. Subgroup differences (with 95% CI) will
be obtained using pairwise comparisons of predictive
margins.

All secondary outcomes and subgroup analyses are
prespecified as exploratory and will be assessed using a
superiority framework. A detailed list of the predefined
subgroups is given in the Online Material, p5.

Interim analyses

An interim analysis focusing on trial participant safety
will compare between-group differences in the inci-
dences of the composite outcome and its components.
The interim analysis will be performed after half of the
targeted sample size (152 patients) have completed their
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90 days follow-up (Table 3). Based on the O’Brien—Flem-
ing method, the between group difference in the primary
composite outcome should reach a p-value of 0.0031
to indicate early termination of the trial due to efficacy
[88-90].

The results of the interim analysis will be reported to
the DMSB, which will discuss the results and recommend
whether the trial should continue. The DMSB’s role is to
advise the trial investigators and may recommend stop-
ping the trial early under the following conditions:

— For Efficacy: If the interim analysis shows a statisti-
cally significant difference between the groups in
the primary composite outcome that meets the effi-
cacy threshold set by the O’Brien—Fleming method
(»<0.0031), indicating that the treatment is clearly
beneficial.

— For Safety or Futility: If the O’Brien—Fleming efficacy
threshold is not met, but there are statistically signifi-
cant (p <0.05) differences in 3-month functional out-
come (measured by the mRS) or 3-month mortality,
that suggest potential harm to participants.

In both cases, the DMSB’s recommendation will be
based on a thorough review of the data to ensure partici-
pant safety and the trial’s scientific integrity.

If there is a non-statistically significant trend (p >0.05)
indicating increased harm in one of the groups, the
DSMB may mandate additional interim analyses to
evaluate the safety of continuing the trial. If the DSMB
requests an additional interim analysis, we will apply the
error-spending O’Brien—Fleming method, impacting the
sample size and statistical parameters in Table 3. Only
blinded data will be presented for the interim analysis.
Unblinding is only possible if the DSMB advises the trial
investigators to halt recruitment.

We will perform a review of the dropout rate after
recruiting 80% of patients to verify that the sample size
calculation remains valid. This review is not an interim
analysis for efficacy or safety but a check to ensure that
the number of evaluable patients is sufficient to meet
the trial’s objectives. If the review indicates that the sam-
ple size needs to be increased to maintain the planned
number of evaluable patients (initially 332), a substantial

Table 3 Critical values, p-values, and sample sizes for an error-spending O'Brien—Fleming sequential design

Information fraction Lower efficacy* Upper efficacy* Approximated Cl p-value Group A, n Group B, n Total, N
50% (interim analysis) —2.962 29626 99.7% 0.0031 76 76 152
100% (complete study set) —1.968 1.9686 95.1% 0.0490 151 151 302

A 10% dropout rate will be added to the final sample size of 302, giving a total sample size of 332 patients (166 patients per group)

Abbreviations: Cl, confidence interval

" z statistics
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modification application will be submitted to the regula-
tory authorities for approval. The sample size will not be
increased to detect a smaller effect size than originally
planned, and sample size re-estimation for this purpose
is not planned for this trial. Separately, the trial may be
stopped early for efficacy if the interim analysis demon-
strates a statistically significant difference in the primary
composite outcome, as determined by the error-spend-
ing O’Brien—Fleming method (p<0.0031), indicating a
larger-than-expected effect size.

Study monitoring and data safety and monitoring board
Study monitoring is provided by the Clinical Research
Institute of Helsinki University Hospital, who will
ensure the quality of data collection and trial integ-
rity. The monitoring is performed in accordance with
currently valid rules and regulations, Good Clinical
Practice (ICH-GCP) and the standardized instruc-
tions of the Clinical Research Institute Helsinki Uni-
versity Hospital.

An independent DSMB has been established to protect
the interests of trial participants and ensure the trial’s
scientific integrity. The DSMB consists of experts who
are independent of the sponsor and have no competing
interests. The DSMB’s primary role is to monitor partici-
pant safety by reviewing accumulating data from the trial,
including the pre-planned interim analysis. The DSMB
reports its findings and recommendations in writing
to the trial’s Principal Investigator (PI). The committee
operates according to a formal, detailed charter that out-
lines its full responsibilities, procedures, and decision-
making rules. This charter is available in its entirety as an
Online Supplement, p12.

The trial may be subject to inspection by relevant regu-
latory authorities. However, beyond the routine monitor-
ing described above, no additional independent audits
are planned.

Ethics and regulatory considerations

This clinical trial will be conducted in strict compli-
ance with this protocol, the EU Clinical Trial Regulation
(CTR) 536/2014, and the principles of Good Clinical
Practice (GCP) as outlined in the International Council
for Harmonisation (ICH) E6 guideline.

The study received ethical and regulatory approval in
accordance with the EU Clinical Trials Regulation via
CTIS. Finland served as the Reporting Member State,
with Part I approved by the Finnish Medicines Agency
(FIMEA/2025/003237) and Part II by the National Com-
mittee on Medical Research Ethics (Tukija, T/32/2025).
The Swedish Medical Products Agency (2025-521179-
29-00) approved Part II for Sweden as a participating
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Member State. Local institutional research approvals will
be obtained by all participating centers.

Recruitment and timetable

The feasibility of recruiting 332 patients is supported by
data from the preceding FINISH trial, which screened
1644 patients over a 24-month period at the participat-
ing Finnish centers [7]. This suggests a screening rate of
approximately 60 patients per month in Finland. With
the inclusion of Karolinska University Hospital, we antic-
ipate a total screening rate of approximately 90 patients
per month across all sites [23]. Based on previous stud-
ies, an estimated 25% of CSDH patients are on antico-
agulants for atrial fibrillation [7, 8, 20]. This translates to
an estimated 22-23 eligible patients per month, making
the target recruitment of 332 patients achievable within
an estimated 14—15 months. Recruitment progress will
be monitored by the Steering Committee. If enrolment
is slower than anticipated, additional international sites
may be invited to join the trial to ensure the target sam-
ple size is met.

Dissemination plan

The results of this trial will be submitted for publication
in an international, peer-reviewed journal, regardless of
the outcome or statistical significance of the findings. The
final trial report will be prepared in accordance with the
CONSORT (Consolidated Standards of Reporting Trials).
Findings will also be presented at national and interna-
tional scientific congresses. Upon completion of the trial,
a summary of the main results will be made available to
trial participants in an accessible, lay-friendly format. In
accordance with the trial’s data sharing plan, anonymized
data may be made available to other researchers upon
reasonable request via FINDATA, subject to a data access
agreement.

Patient and public involvement
Patients and members of the public were not involved in
the planning, design, or development of this trial.

Protocol version
Protocol version 1.2 (May 4, 2025, EU-CT 2025-521179-29-00).

Protocol amendments

Any important modifications to the protocol, includ-
ing changes to eligibility criteria, outcomes, or analy-
ses, will require approval from the Steering Committee.
Once approved, the lead Principal Investigator will be
responsible for communicating these amendments
to all relevant parties. A copy of the revised protocol
will be sent to all site investigators, and a new version
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number will be assigned. All necessary documenta-
tion will be submitted to the relevant ethics com-
mittees (National Committee on Medical Research
Ethics, Tukija) and regulatory authorities (Finnish Med-
icines Agency, Swedish Medical Products Agency) for
approval prior to implementation. The trial registration
at the EU Clinical Trials Register will also be updated
accordingly. Trial participants will be informed of any
changes that directly affect their participation, and a
new consent form will be administered if necessary.

Ancillary care and compensation

No special ancillary or post-trial care is planned beyond
the standard clinical management of the patient, as
determined by their treating physician. For compensation
in the event of trial-related harm, all participants in Fin-
land are covered by statutory patient insurance through
the Finnish Mutual Patient Insurance Company. Par-
ticipants in Sweden are covered by the Swedish Patient
Injury Insurance (LOF) and the Pharmaceutical Insur-
ance (Lakemedelsforsakringen).

Discussion

To the best of our knowledge, this is the first large-scale
multicenter RCT comparing early versus late antico-
agulation medication resumption in patients having AF
undergoing CSDH surgery.

Our pragmatic trial is designed to detect the straight
downstream biological effect of anticoagulation resump-
tion over indirect effects. Thus, the primary outcome is
a composite outcome of arterial thromboembolic events,
hemorrhagic events and vascular deaths, instead of for
example functional outcome. However, the effect of the
functional outcome cannot be neglected and, thus, it is
a key secondary outcome measure of this trial. In fact,
estimating the needed sample size to detect a 1.75 odds
difference in the shift of the ordinal mRS favoring early
resumption would need a total of 330 patients (Online
Material, p11), giving this study the power to detect such
a difference.

To our knowledge, there is a pilot trial planned aim-
ing to compare anticoagulation resumption after 30 days
versus 90 days in patients on oral anticoagulation medi-
cation due to AF, with mRS as the intended primary out-
come [94]. The major differences in protocol are timing
of early resumption (5 days in our trials versus 30 days
in the other trial) and primary outcome (composite out-
come of thromboembolic events, hemorrhagic events
and vascular deaths in our trial versus the modified
Rankin Scale in the other trial).

Currently, there is a major lack of evidence guiding
clinical decision-making for when to resume anticoagu-
lation medication after CSDH surgery. This constitutes
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a daily clinical dilemma for neurosurgeons and other
involved physicians, balancing the perceived risk of hem-
orrhagic complications versus thromboembolic compli-
cations. A multicenter RCT that could show a decrease
in thromboembolic events and vascular deaths without
increasing the risk for hemorrhagic complications would
influence the treatment of these patients all over the
world. This would not only benefit the individual patient
but also health care systems all over the world, consid-
ering the sharply increasing incidence of anticoagulation
use and CSDH [1, 2, 10, 11].

Early anticoagulation resumption (at 5 days postop-
eratively) is anticipated to reduce the risk of thrombo-
embolic events, which are associated with very poor
outcomes [28]. Although postoperative anticoagulation
is traditionally delayed to avoid potential risks, such
as intracranial hemorrhage or hematoma recurrence,
recent evidence indicates that resuming anticoagula-
tion early does not increase the incidence of intracranial
bleeding [29] or elevate CSDH recurrence rates [33].
Moreover, even when a recurrence occurs, it is treat-
able condition that does not adversely affect long-term
clinical or functional outcomes [95, 96]. Thus, the poten-
tial benefits of reducing thromboembolic events greatly
outweigh the minimal hemorrhagic risk, supporting the
safety and feasibility of early anticoagulation resumption.

A major strength of the study is that the five Finnish
participating centers cover 100% of the Finnish popu-
lation and the Swedish center covers approximately
25% of the Swedish population in terms of provision
of neurosurgical care. In both Finland and Sweden,
the surgical treatment of CSDH is exclusively carried
out in university hospitals, meaning that the follow-up
regarding the primary endpoint (recurrence) should
be 100%. Also, in highly digitalized healthcare systems
(nationwide in Finland and region-wide in Sweden)
where every citizen has a unique personal identification
number, the chances for successful follow-up regarding
other endpoints are extremely high.

Some limitations are that the pragmatic study design
allows varying types of oral anticoagulation medication,
and although subgroup analyses are planned, the use of
different anticoagulation medications may have different
effect on the outcome. Further, patients and treating phy-
sicians are not blinded to treatment allocation; however,
this is mitigated by using blinded assessors for outcome
evaluation and the preplanned BDI [67].

Trial status

The study is being conducted under protocol version 1.2
(May 4, 2025). Recruitment began on July 6, 2025, and is
expected to be completed by the end of 2027.
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Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/513063-025-09133-w.

[ Supplementary Material 1. Online material SPIRIT Checklist. }

Trial governance and oversight

Steering Committee

The Steering Committee (SC) is responsible for the overall supervision of the
trial and for ensuring it is conducted according to the protocol and Good
Clinical Practice (GCP) standards. Key responsibilities include approving proto-
col amendments, monitoring trial progress, and reviewing recommendations
from the DSMC. The SC convenes after each interim analysis and as otherwise
required. The members are: Rahul Raj (chair), Jarno Satopad, Riku Kivisaari, Pihla
Tommiska, Teemu Luostarinen, Jyri Virta, Miikka Korja, Teemu Luoto, Jussi P.
Posti, Nils Danner, Timo Koivisto, Ville Leinonen, Oula Knuutinen, Simo Taimela,
Teppo LN Jérvinen, and Jiri Bartek.

Coordinating centre

The Coordinating Centre at Helsinki University Hospital is responsible for the
central coordination and day-to-day management of the trial. It is led by the
Principal Investigator (PI) and co-Pl, supported by a research coordinator and
data management staff.

Data and safety monitoring board

An independent DSMB, consisting of independent external clinical experts,
has been established to protect the interests of trial participants by periodi-
cally reviewing accumulating safety and efficacy data. The DSMB will oversee
the interim analysis, which aims to monitor participant safety. The committee
operates according to a formal charter and provides recommendations to the
Steering Committee regarding the continuation or modification of the trial.
The members are:

- Martin Lehecka, MD, PhD, A. Prof, Helsinki University Hospital, Finland

— Frederick A. Zeiler, MD, PhD, A. Prof, Rady Faculty of Health Sciences, Univer-
sity of Manitoba, Canada

— Eric Thelin, MD, PhD, A. Prof, Karolinska University Hospital, Stockholm, Sweden

Writing committee

The Writing Committee is responsible for preparing the primary manuscript
for publication. The committee is chaired by the lead PI, who will lead the
drafting of the manuscript. All members are responsible for critically revising
the manuscript for important intellectual content, providing final approval of
the version to be published, and ensuring adherence to authorship guidelines.
The members of the Writing Committee are: Rahul Raj (chair), Jarno Satopad,
Miikka Korja, Pihla Tommiska, Teemu Luoto, Jussi P. Posti, Nils Danner, Oula
Knuutinen, Simo Taimela, Teppo LN Jarvinen, Jiri Bartek, Mika Niemela.
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