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Abstract

Background
Chronic subdural haematoma (CSDH) is a common condition in the elderly that often requires
neurosurgical management. For small CSDH, evidence has emerged that statins may reduce haematoma
volume and improve outcomes, presumably by reducing local in�ammation and promoting vascular
repair. We wish to extend this evidence in a study that aims to determine the e�cacy and safety of
atorvastatin combined with low-dose dexamethasone in patients with CSDH.

Methods
The second ATorvastatin On Chronic subdural Hematoma (ATOCH-II) study is a multi-center, randomized,
placebo-controlled, double blind trial which aims to enroll 240 adult patients with a conservative
therapeutic indication for CSDH, randomly allocated to standard treatment with atorvastatin 20 mg
combined with low-dose dexamethasone (or matching placebos) daily for 28 days, and with 152 days of
follow-up. The primary outcome is a composite good outcome de�ned by any reduction from baseline in
haematoma volume and survival free of surgery at 28 days. Secondary outcomes include functional
outcome on the modi�ed Rankin scale (mRS) and modi�ed Barthel Index at 28 days, surgical transition,
and reduction in haematoma volumes at 14, 28 and 90 days.

Discussion
This multi-centre clinical trial aims to provide high-quality evidence on the e�cacy and safety of the
combined treatment of atorvastatin and low-dose dexamethasone to reduce in�ammation and enhance
angiogenesis in CSDH.

Trial registration:
ChiCTR, ChiCTR1900021659. Registered 3 March 2019, http://www.chictr.org.cn/showproj.aspx?
proj=36157

Background
Chronic subdural hematoma (CSDH) represents one of the most common forms of intracranial
haemorrhage, causing a variety of diagnostic and therapeutic challenges as rates increase in ageing
populations and increased use of antithrombotic agents.1, 2 Evacuation of CSDH through twist-drill or bur-
hole craniotomy remains the main form of treatment for symptomatic patients,3 but surgery is associated
with high risks of operative complications and recurrence.4 Non-surgical options include the use of
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mannitol, glucocorticoids, angiotensin converting enzyme inhibitors, tranexamic acid, and platelet
activating factor receptor inhibitor, but none have been shown to be clearly effective.5-8

Impaired angiogenesis and in�ammation of the surrounding neomembrane may be important in the
pathophysiology of CSDH, promoting the slow expansion of blood from immature ‘leaky’ vessels after
trauma.7, 9 The pleiotropic effects of statins on in�ammation and endothelial progenitor cell activity,10-14

which may promote haematoma reabsorption, was recently tested in the ATorvastatin On Chronic
subdural Hematoma (ATOCH) study, a multicenter double-blind placebo-controlled randomised trial in
China.15 The positive results of atorvastatin 20 mg daily signi�cantly reduced haematoma volume and
improving clinical outcomes15 has had a major impact on clinical practice in China, with this medical
treatment being widely adopted for both primary conservative and adjunctive post-surgical management
of CSDH.16, 17 However, additional strategies are warranted, as response to atorvastatin is slow in many
patients and ineffective over several weeks of treatment in 10% patients.15 Moreover, any bene�ts of
atorvastatin at high dose may be offset by adverse effects, such as intracranial haemorrhage,18 and may
not any greater e�cacy than at low-dose.13 Dexamethasone had shown some effect on CSDH, but it is
also complicated by adverse effects, particularly at high dose.19-22 We therefore initiated the second
Atorvastatin combined with dexamethasone in Chronic subdural Haematoma (ATOCH-II) trial to
determine the e�cacy and safety of dexamethasone combined with low-dose atorvastatin in patients
with CSDH.

Research question

The primary aim of ATOCH-II is to determine whether the combination of low-dose atorvastatin and low-
dose dexamethasone is superior to low-dose atorvastatin alone on the composite outcome of
haematoma volume, transition to surgery, and death at 28 days in patients with CSDH.

Methods
Design

ATOCH-II is a multicentre, prospective, double-blind, placebo-controlled, randomised trial involving 240
patients with CSDH to be recruited from 14 neurosurgery centres in China who are collaborative partners
in the Oriental Neurosurgical Evidence-based Study Team (ONET).23 ONET is the �rst neurosurgical
professional organization devoted to evidence-based medicine in China (Chair, Department of
Neurosurgery, Tianjin Medical University General Hospital) with the mission to establish clinical research
thinking, train clinical researchers, conduct randomised trials, and promote the development of evidence-
based medicine in neurosurgery.

Patient inclusion and exclusion criteria
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The study population will be drawn from consecutive patients with CSDH admitted to ONET
neurosurgical centres. Patients are eligible who meet all of the following inclusion criteria: age ≥18 and
≤90 years; diagnosis of supratentorial (unilateral or bilateral) CSDH con�rmed on CT imaging within 72
hours after admission; a single unilateral hematoma ≥10 mL; pre-morbid functional independence,
estimated according to scores 1 (no symptoms), 2 (symptoms), or 3 (some disability but independent in
function) on the modi�ed Rankin scale (mRS); the attending physician’s judgment that cerebral herniation
and/or surgical evacuation are unlikely to occur; and the provision of informed consent, or by an
appropriate proxy according to local requirements.

Exclusion criteria include: known allergy to a statin (<4 weeks), glucocorticoid or their ingredients;
considered to have a high likelihood of cerebral trauma or cerebral herniation and/or requirement surgical
evacuation or decompression; structural lesions including tumor, haematologic diseases, tuberculous,
arachnoid cyst, vascular malformation, ventricular peritoneal shunt or other severe co-morbidity;
abnormal liver function, hepatitis or uncontrolled liver disease, as well as other disease that has an
in�uence of prognosis or the ability to assess the study outcomes; uncontrolled diabetes mellitus, with
blood glucose levels consistently >10 mmol/L; history of femoral head necrosis; recent (<4 weeks)
corticosteroid or anticoagulation use, or abnormal coagulation function (<4 weeks); likelihood of
pregnancy or breastfeeding during the course of the study; participation in another clinical trial (<4
weeks); high likelihood of poor adherence to the treatment or follow-up schedule; and any other reason
according to the opinion of the attending clinician researcher.

Randomisation and blinding

Eligible patients are centrally randomised in a 1:1 allocation ratio to intervention (atorvastatin combined
with low-dose dexamethasone) and control (atorvastatin combined with matching placebo) groups using
a blocked randomization method via a data acquisition system for electronic data capture (DAS for EDC,
Version 5.0) developed by Stemexcel Technology Co. Ltd., Beijing. DAS for Interactive Web Response
System (IWRS) is used to assign the randomization number to the treatment allocation and drug
distribution, and each center will compete to recruit subjects.

Study intervention

All patients are to take oral 20 mg atorvastatin (one tablet) daily for 4 weeks as a standard of care. Those
patients allocated to the intervention group will receive extra dexamethasone with the dose of 0.75mg per
once for three times daily during the �rst 14 days, and thereafter the dose will be reduced to twice daily
for 7 days, and then once a day for another 7 days. Thus, a total of 560 mg atorvastatin and 47.25mg
dexamethasone will be taken 28 days. Patients assigned to the control group will receive the same open
atorvastatin regimen but also placebo dexamethasone in the same schedule over 28 days.

Study medication is provided free of charge to participants: atorvastatin by P�zer Inc. and
dexamethasone by Tianjin Paci�c Pharmaceutical Co. Ltd. (Tianjin, China). The placebo dexamethasone,
which is composed of dextrin and with the same weight and appearance as dexamethasone, is made by



Page 6/14

Tianjin Paci�c Pharmaceutical Co. Ltd. (Tianjin, China), which has a certi�cation of good manufacturing
practice for pharmaceutical products (GMP) issued by the State Food and Drug Administration of China.
Study medication is packed identically and labeled ‘for clinical study use only’ with a packaging number,
veri�cation code, dosage, speci�cations, storage, batch number, duration of usage, and manufacturer.

A statistician and staff independent of the study research team oversee packaging of the study
medication, with use of a package number and drug veri�cation code on the tag. Each participant is
allocated a unique number to be applied to a drug package number for dispensing and consistency in the
database.

Study procedures

Baseline demographic and clinical features, including medical history, severity and type of neurological
de�cit, and physical and biochemical results, are collected at the time of enrollment in the study.
Treatment should be initiated immediately after randomisation (Table). All background care should
follow standard guideline recommendations for the management of CSDH in China which includes the
withholding of anticoagulation and use of antiplatelet agents; and prescribing prophylactic antiepileptic
drugs and regular use analgesics. The Study Flow chart illustrates key steps in the trial (Figure).

Each patient receives an in-person clinical assessment at an outpatient clinic by two attending
neurosurgeons who are kept blind to the treatment allocation, every two weeks during the 28-day
treatment duration, and then each month thereafter until 180 days post-randomization. If a participant
develops any form of neurological deterioration (e.g. altered level of consciousness) that is suggestive of
expansion of the haematoma, they may be admitted to hospital for assessment and treatment until their
symptoms are relieved or resolve. If surgery is undertaken for a deteriorating patient, the randomised oral
study medication is to be resumed as soon as possible after the operation until the end of the planned
28-day treatment period.

Treatment compliance is monitored through pill counts and regular contact with participants, with
instructions to adjust medication dosage at weekly outpatient clinic visits. The use of other medications
is recorded, including their name, dose, and duration of treatment. Any change in haematological and
biochemical markers, such as liver function tests, and side-effects such as myalgia, constipation, and
other possible drug-related symptoms, will be recorded.

At the end of the 28-day treatment period, haematoma volume will be re-evaluated on repeat CT scans
and the following treatment regimens considered: (i) if the haematoma has resolved or present in a very
small amount, the investigator can stop study treatment and only conduct follow-up observations until
180 days; (ii) if the haematoma appears reduced but still present, the investigator can decide either to
consider ceasing medication and observing considering early surgery; (iii) if there is no obvious change in
the haematoma, two researchers can jointly determine whether to continue conservative management or
undertake surgery; and (iv) if the amount of haematoma is increased, the patient may undergo surgery.
All details of any treatment during the 180 days study period are recorded.
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Outcomes

The primary outcome is a composite of ‘good outcome’, including any reduction in subdural haematoma
volume from baseline and free of surgery and death within 28 days of the treatment. The haematoma
volume is measured centrally using the Tada formula of maximal length (L) × maximal width (W) ×
maximal thickness (H), divided by 2,24 on the acquired CT images by 3 independent neuroradiologists
blind to treatment location. Details of the location, density, and compartment of the haematoma are also
recorded.

Secondary outcomes include: functional outcome according to a ‘shift’ in the distribution of the full range
of scores on mRS at 28 days; function on the modi�ed Barthel Index measure of actives of daily living
(ADL-BI) at 28 days; surgical intervention at 28, 90 and 180 days; and reduction in haematoma volume at
14, 28 and 90 days.

Safety

Details of all the adverse events will be recorded in hospital and via outpatient clinic follow-up visits as
well as via telephone checks until 180 days. Those reporting an adverse event will have a comprehensive
physical examination to document vital signs (body temperature, heart rate, respiratory rate and blood
pressure) and general items for any positive signs (coverage of the skin, eye, ear, nose, throat, lung, heart,
stomach, skeletal muscle, limbs and nervous system); and laboratory tests of haematology, biochemistry
and renal function, lipid pro�le, and coagulation, and myoglobin and creatine kinases in patients with
suspected rhabdomyolysis; and electrocardiography.

A serious adverse event (SAE) is de�ned as an event with causing or with potential to cause, signi�cant
harm or requiring medical intervention, whether or not it is considered related to the study treatment. A
non-serious adverse event is de�ned as any undesirable medical experience occurring to a patient,
including abnormal laboratory values without clinical consequences.

All SAEs are to be reported within 24 hours of the site investigator becoming aware, and a full report is to
be �lled to the sponsor and the state food and drug administration (SFDA). The ethics committee of
pharmaceutical affairs of ONET will conduct an investigation to con�rm the causes of an SAE, decide
whether the participant can continue with study medication and deal with the related participants
complications and adverse events. All patients are to be follow-up according to the intention-to-treat (ITT)
principle.

Sample size

We estimate a sample size of 240 patients will provide 90% power to detect a treatment effect of 20%
absolute improvement in the primary composite good outcome, after considering a 5% loss-to-follow-up
at 4 weeks, then 240 patients in total with 120 per group is needed to be recruited for this study and good
outcome in the single atorvastatin control group of 62.6% being consistent with the single atorvastatin
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group of the ATOCH trial(48 of 81),15 a pilot trial showing 20 of 30 patients had a good outcome in a
single atorvastatin group,24 and medical record data showing 9 of 12 patients had a good outcome at a
single center in 2017.17 The combined drug treatment effect was assumed to be consistent with the
percentage of good outcome found in 29 of 30 patients in a pilot clinical trial24 and 95 of 108 patients
medical record from our single center showing with a good outcome.

Data management and quality control

Data management will be performed by the Stemexcel Technology company, Beijing, China23 using
specially designed case report forms (CRF) on a DAS for EDC system. All CRFs are �rst examined and
veri�ed by 2 investigators at each study site, before a data manager undertakes further central checks
and con�rmation or correction of any errors or inconsistencies via a clinical monitor before �nalization of
the data. The CRF will be inspected by an assigned person at regular intervals throughout the trial in order
to verify adherence to the protocol. Data lock occurs when all subjects have completed their follow-up
and there are no outstanding data queries.

Statistical analysis

The primary analysis will be performed according to the modi�ed ITT principle, comprising all
randomized participants. A per-protocol analysis will also be undertaken for all participants who have
taken at least one dose of the trial medication and complete at least one follow-up assessment. The
description of indicators will be by number of cases (and percentages) for categorical variables, and
mean (standard deviation) or median (interquartile range) for continuous variables. The Chi-square test
and logistic regression with adjustment for site, age, sex, and baseline haematoma volume will be
adopted for the comparison of the primary outcome between treatment groups. For secondary outcomes,
the Student’s t-test or non-parametric Wilcoxon tests will be performed for continuous outcomes and the
Chi-square test for dichotomous outcomes, respectively. Ordinal logistic regression will be used for
analysis of the shift in the full range of scores on the mRS. All statistical tests are two-sided, with a p-
value <0.05 indicating statistical signi�cance. All analysis will be conducted using SAS 9.4 (SAS Institute
Inc. US).

Ethics and dissemination

All ethical and legal requirements are required to be met before any subject is enrolled in the trial. The
study protocol, participant information sheet and consent form are to be approved according to local and
national regulations, centrally by the ethics committee of Tianjin Medical University General Hospital and
at ethics committees of each participating site. Participants are to be made aware of the investigational
nature of the study. The study will be conducted according to the Declaration of Helsinki (2008) and the
results reported in accordance with the Consolidated Standards of Reporting Trials (CONSORT)
guidelines.
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Discussion
Although there is natural re-absorption of the haematoma of CSDH,25, 26 most neurosurgeons
recommend surgical evacuation in symptomatic patients despite limited randomised evidence.27

However, the ATOCH trial has attracted considerable attention in suggesting an effective medical therapy
with low-dose atorvastatin in those with mild and stable CSDH.6, 16, 17 In China, an expert consensus
statement now advocates for atorvastatin being standard treatment for CSDH, offering reduced overall
healthcare costs and avoidance of surgery. Yet, the treatment has only a modest effect over several
weeks duration, and some 10% of patients failure to respond.15 A short course of combined low-dose
atorvastatin and low-dose dexamethasone may enhance the anti-in�ammatory effect of either treatment
alone.24

ATOCH-II aims to extends the results of ATOCH in determining the combined effects of low-doses of
atorvastatin and dexamethasone over 28 days on reduction in haematoma volume and survival free of
surgery. We chose not to use change in the neurological impairment as an outcome because most
patients have some change in neurological status at the time of diagnosis of CSDH, and for which any
temporal change can be di�cult to objectively measure in a short-term open study. Conversely, the use of
the mRS and ADL-BI as secondary outcomes re�ects their wide use as standard measures of functional
status and which re�ect neurological status.

We recognize several potential concerns or limitations in this surgical trial, in particular of selection bias
introduced because of the judgment of doctors in their interpretation of the recruitment criteria in the
decision to avoid early surgery. Surgery is likely to be preferentially chosen in those considered at high
risk of cerebral herniation, according to contemporary practice, while patients with mild-moderate sized
haematomas and mild symptoms only represent a subgroup of all CSDH. Finally, as this trial will be
conducted exclusively among Chinese patients in China, there may be concerns over the generalizability
of the �ndings to other races/ethnicities and health care systems.

Trial status

All ethics committee approvals were granted for the study to commence across all participating hospitals
in China. The study is registered on March 3, 2019 (ChiCTR1900021659). Patient enrolment commenced
March 15, 2019, with version 2.0 of the protocol. As of 10th Aug 2020, 70 patients have been enrolled. The
expected date for completion of recruitment is July 30, 2021.

Abbreviations
ATOCH: atorvastatin on chronic subdural hematoma; mRS:modi�ed Rankin scale; CSDH:chronic subdural
hematoma; ONET:Oriental Neurosurgical Evidence-based Study Team; CT:Computerized tomography;
DAS:Data Acquisition System; EDC:Electronic Data Capture; IWRS:Interactive Web Response System;
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GMP:pharmaceutical products; ADL-BI:Daily Life-the Barthel Index scale; SAE:serious adverse event;
SFDA:state food and drug administration; CRF:Case report form.
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Tables
Table  Visit and assessment schedule

ADL-BI denotes activities of daily life on the Barthel Index, mRS the modi�ed Rankin scale

1. Accreditation of laboratory examination within 3 days, including head CT, before enrollment

2. Combined use of drugs before commencing study treatment and continue until the end of the 28-day
treatment period.

3. During conservative treatment, if a participant’s’ neurological function deteriorates associated with
an increase in the size of the haematoma and risk of cerebral herniation, they must change over to
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surgical treatment.

4. Remaining drugs are to be recycled.

Figures
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Figure 1

Flow chart to illustrate the design of the trial. Footnotes: ADL-BI denotes activities of daily life on the
Barthel Index; ECG electrocardiography; IWRS Interactive Web Response System; mRS modi�ed Rankin
scale
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