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ABSTRACT

Introduction In Neuro Intensive Care Units (NICU) and
neurosurgical units, patients with an external ventricular
drain (EVD) due to hydrocephalus following aneurysmal
subarachnoid haemorrhage (SAH) are commonly seen.
Cessation of the EVD involves the dilemma of either closing
the EVD directly, or gradually weaning it before removal.
Development of increased intracranial pressure (ICP) and
acute hydrocephalus with subsequent need of a permanent
shunt has been associated with prompt closure of theEVD,
whereas increased risk of infection with possible spreading
to the brain and subsequent patient fatality is suspected in
connection to a longer treatment as seen in gradual weaning.
Sparse data exist on the recommendation of cessation
strategy and patients are currently being treated on the basis
of personal experience and expert opinion. The objective of
this systematic review is to assess the available evidence
from clinical trials on the effects of prompt closure versus
gradual weaning of EVD treatment for hydrocephalus in adult
patients with SAH.

Methods and analysis We will search for randomised
clinical trials in major international databases. Two authors
will independently screen and select references for inclusion,
extract data and assess the methodological quality of the
included randomised clinical trials using the Cochrane risk of
bias tool. Any disagreement will be resolved by consensus.
We will analyse the extracted data using Review Manager
and trial sequential analysis. To assess the quality of the
evidence, we will create a ‘Summary of Findings’ table
containing our primary and secondary outcomes using the
GRADE assessment.

Ethics and dissemination Results will be published widely
according to the interest of the society. No possible impact,
harm or ethical concerns are expected doing this protocol.
Trial registration number PROSPERO CRD42018108801

INTRODUCTION

Background

Spontaneous subarachnoid haemorrhage
(SAH) is a common and often devastating
cerebrovascular  disease accounting for

,! Alexander Lilja-Cyron,' Marianne Juhler," Tiit lllimar Mathiesen,’

Strengths and limitations of this study

» Patient-centred outcomes (clinical relevance).

» Rigorous bias assessment of the risk of random er-
rors/trial sequential analysis.

» GRADE assessment of ‘overall quality of the
evidence’.

» Expected few trials and thus few randomised
patients.

» Recommendations from systematic reviews may
suffer from the quality of the included trials.

approximately 7% of all strokes." Most
patients are younger than 60 years of age at
the time they suffer from SAH. In 85% of
cases, the cause of SAH is rupture of an intra-
cranial aneurism, whereas non-aneurismal
perimesencephalic haemorrhage accounts
for 10%, and a variety of other conditions for
5%.% In contrast to other types of stroke, the
incidence of SAH has been stable at around
6 cases per 100,000 patient years throughout
the last 30 years.” > Reported mortality from
SAH is 27%-50%, with a third of survivors
permanently dependent on daily care after
the initial hospital admission.” * Because SAH
occurs at a relatively young age and has high
mortality and morbidity, both loss of produc-
tive life years in the general population as
well as the economic burden per patient on
public healthcare systems are considerable.”®

When rupture of an intracranial aneu-
rysm occurs, arterial blood is shunted into
the subarachnoid space at arterial pressure
leading to a sudden rise in intracranial pres-
sure.” Hydrocephalus due to blockage of
cerebrospinal fluid (CSF) circulation and
absorption occurs as a common and serious
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complication to SAH.* ® In the acute and subacute
course of SAH, hydrocephalus is of a high pressure
obstructive type with bloody CSF, which is commonly
treated by placing an EVD in the ventricular system,
allowing management of ICP into a clinically safe range
by external diversion of excessive CSF. Some patients
proceed to require permanent diversion of CSF, because
steps to discontinue CSF drainage result in unacceptable
ICP increase and/or clinical deterioration. Two different
strategies for drain closure can be followed: either prompt
closure or weaning by gradually increasing resistance
to outflow over a few days. It is not known if these two
strategies result in different clinical outcomes, different
probabilities for needing permanent shunt placement or
different complication rates.

Itseems both necessary and feasible to systematically review
the evidence on the relationship between cessation strategy
for hydrocephalus in SAH and such outcome measures.

Description of the condition

CSF is continually produced by filtration of the arterial
blood from vessels in the choroid plexus lining the inside
of the cerebral ventricles. It is generally accepted that
the rate of adult CSF production is constant at approx-
imately 500mL per day. According to the classical bulk
flow theory, CSF flows from the ventricular system, out
through the fourth ventricle outlets into the subarach-
noid space around the brain and the spinal cord before
it is reabsorbed in the venous system through arach-
noid granulations in (primarily) the sagittal sinus.’
Alternative theories for CSF circulation and absorption
physiology are increasingly being expressed describing
cerebral lymphatics and molecular transport of CSF and
brain water along perivascular spaces in the brain paren-
chyma.'”"! Whether several routes coexist or one is more
important is unresolved.

Regardless of the actual physiological mechanisms
behind CSF, blood elements and coagula obstructing
CSF circulation and absorption anywhere in the system
will result in hydrocephalus.7 The reported prevalence of
hydrocephalus following SAH varies widely; between 6%
and 67%. Three stages are generally recognised: acute
(0-3 days after SAH), subacute (4-13 days after SAH) and
chronic (>14 days after SAH) 8

Description of the intervention

Acute hydrocephalus in SAH is treated by inserting a
temporary external ventricular drain (EVD) into the
brain’s ventricular system. Excessive CSF is drained in a
closed system into a sterile bag or container. The vertical
placement of the inlet in the bag/container determines
the drainage pressure.'” ' In some patients, reabsorption
of CSF returns to normal within days permitting the EVD
to be removed without ICP increase or further need for
treatment of the hydrocephalus. In other patients, the
EVD is needed much longer, before it can be removed,
and in yet other patients, chronic hydrocephalus evolves
with the need of an implanted permanent drainage

solution (most frequently a ventriculoperitoneal (VP)
shunt'*). There is no documentation to define the timing
when to insert a permanent internal drainage weighted
against further continuation of an EVD. Prolonged dura-
tion of EVD treatment (eg, in an attempt to await potential
return of normal CSF reabsorption and avoid a perma-
nent shunt) increases the risk of infection (ventriculitis,
meningitis, cerebral abscess), which can be serious and
potentially fatal.

In some patients, chronic hydrocephalus occurs late and
following a non-hydrocephalic condition lasting several
months (secondary normal pressure hydrocephalus).”
This type of hydrocephalus is not the scope of this review.

How the intervention might work

After SAH, some patients will experience only tempo-
rarily decreased reabsorption of CSF leading to hydro-
cephalus, while others develop chronic hydrocephalus
requiring permanent CSF diversion. The process of
identifying patients who will need a permanent VP shunt
often involves a trial of CSF drainage cessation. The main
argument in favour of prompt closure of the drain is to
minimise EVD treatment period and thereby the risk of
infection. The argument in favour of weaning by grad-
ually increasing the drainage pressure is to allow more
time for re-establishment of normal CSF reabsorption
and thereby lower the need for a permanently implanted
drainage system (VP shunt).

Why it is important to do this review
To our knowledge, previous reviews based on compre-
hensive literature searches have compared the two
common cessation strategies of EVD treatment in
patients with hydrocephalus following aneurysmal SAH
without prepublished protocols containing predefined
hypotheses and data extraction plans.'®!” It is our belief
that a review which methodologically meets the rigorous
demands for systematic reviews as defined by the Preferred
Reporting Itemsfor Systematic Reviews and Meta-Analyses
(PRISMA) guidelines (and the 2015 Preferred Reporting
Itemsfor Systematic Review and Meta-Analysis Protocols
(PRISMA-P) statement) is relevant in order to provide
the highest possible impact for researchers to use in
forthcoming work and evaluation of this medical issue.'®
If there is a difference between treatment strategies, it is
important to choose the strategy with the best outcomes.
Insertion of a VP shunt in the present context is best
defined as a surrogate outcome measure, as the procedure
is associated with risks for the patient (ie, mechanical shunt
dysfunction and shuntrelated infections) and increased
medical costs for society, as shunt complications frequently
require hospitalisation and surgical interventions.

Objectives

The objective of this review is to summarise the evidence
on benefits and harms of prompt closure versus gradual
weaning of extraventricular drainage in patients with
aneurysmal SAH, based on randomised clinical trials.
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MATERIALS AND METHODS

Criteria for considering studies for this review

Types of studies

We will include randomised clinical trials comparing
prompt closure versus gradual weaning of extraventric-
ular drainage. We will include randomised clinical trials
without consideration of publication status, blinding
status or language. We will contact the investigators and
the authors in order to retrieve relevant data. We will only
include unpublished trials if trial data and methodolog-
ical descriptions are provided either in written form or by
direct contact with the authors. We will exclude trials using
quasi-randomisation and observational studies. However,
we will establish an appendix enumerating the findings
from observational studies regarding adverse effects.

Types of participants

We will include patients aged equal to or greater than 18
years with hydrocephalus in relation to aneurysmal SAH.
However, we will establish an appendix enumerating the
findings from studies of prompt closure versus gradual
weaning of extraventricular drainage in other conditions,
such as spontaneous intracranial haemorrhage.

Types of outcome measures

Primary outcomes

1. Death from any cause.

2. Patients with one or more serious adverse events (SAE)

including all-cause mortality, defined according to In-
ternational Conference of Harmonisation of Good
Clinical Practice (ICH-GCP) for devices. Additional-
ly, we will include complications and adverse events
specific for extraventricular drainage and VP shunt
systems: (i) Clinical and radiological signs of shunt ob-
struction. ii) Clinical and microbiological signs of ven-
triculitis or shunt infection.
As we expect the reporting of SAEs to be very heter-
ogeneous and not strictly according to the ICH-GCP
recommendations, we will estimate the number of pa-
tients with one or more SAE in two ways: (i) By adding
all reported SAEs, assuming that patients only experi-
ence one SAE (the number of patients in each group
will be a maximum) which will somehow be a worst-
case scenario. (ii) By choosing the SAE with the highest
proportion reported in each trial which will somehow
be a best-case scenario. The true effect on the occur-
rence of SAEs will be between these extremes.

3. Rate of permanent VP shunt implantation.

4. Quality of life (QoL) measured with any score.
Secondary outcomes

1. Patients with a shunt failure, defined as number of
shunt interventions following the primary shunt inser-
tion (surgical shunt interventions for any reason) with-
in the longest follow-up in each trial.

2. Total hospital length of stay.

. NICU length of stay.

4. EVD-related  complications (ventriculitis  de-
fined as positive CSF culture, clinically relevant

Qo

intracranial haemorrhage requiring surgical evacu-
ation or additional surgical procedure secondary to
EVD misplacement).

Search methods for identification of studies

Electronic searches

1. U.S. National Libraryof Medicine premier bibliograph-
ic database (MEDLINE) (1946 to date) (Medical
Library atHealth First database (Ovid SP)), Excerpta
Medicadatabase (EMBASE) (1974 to date) (Ovid SP)
and Latin American andCaribbean Health Sciences
Literature (LILACS) (1982 to date) (BIREME).

2. Science Citation Index Expanded (1900 to November
2018) and Conference Proceedings Citation Index—
Science (1990 to November 2018) (Web of Science)

3. The Cochrane Library’s Central Register of Controlled
trials (CENTRAL).

Additional separate searches will be run plus additional
sources (such as the Chinese Biomedical Literature Data-
base BIOSIS Previews) to ensure that the most up-to-date
results are retrieved. The search strategy that will be used
for the retrieval of reports of trials from MEDLINE (via
the Ovid SP platform) can be seen in online supplemen-
tary appendix 1.

The searches will be performed without language or
date restrictions.

Searching other resources

We will hand search the reference list of reviews, randomised
and non-randomised studies, and editorials for additional
studies. We will contact the main authors of studies to ask
for any missed, unreported or ongoing trials.

Data collection and analysis

Selection of studies

Two authors (AL-C and TC) will independently evaluate
all relevant trials and provide a detailed description of
the included and excluded articles under the sections
‘Characteristics of included studies’ and ‘Characteristics
of excluded studies’, respectively. We will also provide a
detailed description of our search results.

Data extraction and management

We will screen the titles and abstracts in order to identify
studies that are eligible. AL-C and TC will independently
extract and collect the data using the Covidence software.
We will not be blinded to the author, institution or the
publication source of trials. We will resolve disagreements
by discussion. We will approach all corresponding authors
of the included trials for additional information relevant
to the review’s outcomes measures and risk of bias (ROB)
components.

Assessment of ROB in included studies

The validity and design characteristics of each trial are
to be evaluated. Two authors (AL-C and TC) will inde-
pendently conduct the assessment of ROB. To draw
conclusions about the overall ROB for an outcome it is
necessary to evaluate the trials for major sources of bias,
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also defined as domains (random sequence generation,
allocation concealment, blinding, incomplete outcome
data, selective outcome reporting and other sources of
bias). The Cochrane Collaboration’s recommended tool
for assessing ROB is neither a scale nor a checklist but
rather a domain-based evaluation. Any assessment of the
overall ROB involves consideration of the relative impor-
tance of the different domains.

Even the most realistic assessment of the validity of
a trial may involve subjectivity since it is impossible to
know the extent of bias (or even the true ROB) in each
trial. Some domains affect the ROB across outcomes in
a trial, for example, sequence generation and allocation
sequence concealment, while others such as blinding and
incomplete outcome data may have different risks of bias
for different outcomes within a trial. Thus, ROB is not the
same for all outcomes in a trial. We will perform separate
sensitivity analyses for patient-reported outcomes (subjec-
tive outcomes) and for mortality."

We will define the trials as having low ROB only if
they adequately fulfil the criteria listed in the Cochrane
Handbook for Systematic reviews of Interventions and we
will perform summary assessments of the ROB for each
important outcome (across domains) within and across
studies. We will apply a ‘risk of bias graph’ and a ‘risk of
bias summary figure’."

We will present results for all outcomes including adverse
eventsin a’Summary of findings’ (SOF) table with a GRADE
(Grading of Recommendations Assessment, Development
and Evaluation) assessment for the quality of evidence for
the results on each outcome. As there is no sufficiently well
designed formal statistical method to combine the results
of trials with high and low ROB, the principle approach to
incorporating ROB assessments in Cochrane reviews is to
restrict meta-analyses to studies at low (or lower) ROB." We
will use the ROB table described in the Cochrane Hand-
book, section 8.5 as a tool for assessing ROB in included
studies.

Measures of treatment effect

We will report QoL as continuous outcomes and the
intervention effect as a standardised mean difference
with 98% CI. All other outcomes are dichotomous and
will be reported as relative risks (RRs) with 98% ClIs. For
mortality, which we expect will be a rare outcome, the
Peto OR (POR) will be calculated. We will also calculate
the risk difference (RD) with 98% CI and subsequently
numbers needed to treat, if possible.

Unit of analysis issues
Number of events in all binary meta-analyses, and QoL
scores in the QoL analysis.

Dealing with missing data

We will contact all the first authors and contact persons
of the trials that have missing data in order to retrieve the
relevant data. A modified intention-to-treat (ITT) anal-
ysis will be performed. ITT analysis is recommended to
minimise bias in the design, follow-up and analysis of the

efficacy of randomised clinical trials. It gives a pragmatic
estimate of the benefit of a change in treatment policy
rather than a measure of the potential benefit in patients
who receive treatment exactly as planned.”” Full appli-
cation of ITT is possible only when complete outcome
data are available for all randomised participants. Even
though about half of all published reports of randomised
clinical trials state that ITT analysis was used, handling of
deviations from randomised allocation varies widely and
many trials have missing data for the primary outcome
variable. Methods used to deal with this are generally
inadequate, potentially leading to bias.*' Performing an
ITT analysis in a systematic review is not straightforward
since review authors must decide how to handle outcome
data missing from the contributing trials.** No consensus
exists about how missing data should be handled in ITT
analyses and different approaches may be appropriate in
different situations." * In cases of missing data, for our
primary outcomes we will use a ‘complete-case analysis’
by simply excluding from the analysis all participants
with the outcome missing. Additionally, we will conduct
sensitivity analyses for our primary outcomes by applying
best-case and worst-case scenarios, please see section
2.4.4 on sensitivity analyses. The best-case scenario is: all
patients lost to follow-up in the prompt closure group
survived and all patients lost to follow-up in the gradual
weaning group died; all patients lost to follow-up in
the prompt closure group did not have an SAE and all
patients lost to follow-up in the gradual weaning group
did have an SAE. The worst-case scenario is: all patients
lost to follow-up in the prompt closure group had an SAE
and all patients lost to follow-up in the gradual weaning
group did not have an SAE; all patients lost to follow-up
in the prompt closure group had an SAE and all patients
lost to follow-up in the gradual weaning group did not
have an SAE. Selective outcome reporting occurs when
non-significant results are selectively withheld from publi-
cation.” It is defined as the selection, on the basis of the
results, of a subset of the original recorded variables for
inclusion in the publication of a trial. The most important
types of selective outcome reporting are: selective omis-
sion of outcomes from reports; selective choice of data
for an outcome; selective reporting of analyses using the
same data; selective reporting of subsets of the data; and
selective under-reporting of data.'” Statistical methods
to detect within-study selective reporting are still in their
infant stage. We will explore selective outcome reporting
by comparing publications with their protocols, if the
latter are available.

Assessment of heterogeneity

The degree of heterogeneity observed in the results is
quantified using diversity (D*)** and inconsistency factor
(I?) statistics, which can be interpreted as the proportion
of the total variation observed between the trials that is
attributable to differences between trials rather than
sampling error (chance).”” A value of p<0.10 indicates
significant heterogeneity, and the suggested I” statistic
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thresholds for low, moderate and high heterogeneity are
0% to 49%, 50% to 74% and >75%, respectively.% If 1%=0,
we will report the results using the fixed-effect model
only. In the case of I*>0, we will report the results using
both the random-effects and the fixed-effect models.
However, we believe that there is little value in using a
fixed-effect model in cases of substantial heterogeneity,
which we suspect will be present in this review due to
inclusion of various patient types and outcome reporting.
So, we will emphasise the results from the random-effects
model analysis unless a few trials dominate the meta-anal-
ysis (for example more than 50% of the cumulated fixed
weight percentage). Additionally, in cases of I*>0 (for the
primary outcomes) we will seek to determine the cause of
heterogeneity by performing relevant subgroup analyses
and meta-regression. We aim to combine trial results in
a meta-analysis only when clinical heterogeneity is low to
moderate.

Assessment of reporting biases

Publication bias occurs when the publication of research
results depends on their nature and direction.*® We will
examine this by providing funnel plots in order to detect
either publication bias or a difference between smaller
and larger studies (small study effects), expressed as
asymmetry of the funnel plot.?” Funding bias is defined as
the biases in the design, outcome and reporting of indus-
try-sponsored research in order to show that a drug has a
favourable outcome.”*’ Relationships between industry,
scientific investigators and academic institutions are wide-
spread and often result in conflicts of interest.”® *

Data synthesis

As we intend to analyse four primary outcomes we adjust
the level of statistical significance and CIs due to statistical
multiplicity to keep the familywise error rate (FWER)
below 0.05. The adjustment will be done according to™
halfway between a full Bonferroni adjustment, and no
adjustment, to an 0:=0.02(0.05/((4+1)/2)) and 98%, CIs,
as our outcomes are surely not independent.

We will use Review Manager software (RevMan V.5.0)
as the statistical software. We will calculate the RR with
98% CI for dichotomous variables (binary outcomes).
We will also calculate the risk difference;31 if the results
are similar we will only report the RR. Additionally, we
will calculate mean difference as the measure of absolute
change with 98% CI for continuous outcomes. We will use
D?(24) and I” statistics® to describe heterogeneity among
the included trials.

Meta-analysis
We will perform conventional meta-analysis of outcomes
with comparable effect measures where more than one
trial is included. If clinical and statistical heterogeneity
are large or unexpected, we will reconsider performing
the meta-analysis.

We will explore causes of substantial heteroge-
neity by subgroup analyses and meta-regression using

comprehensive meta-analysis V.1 and Stata V.9. We will
use the y? test to provide an indication of heteroge-
neity between studies, with p<0.10 considered signifi-
cant. Adverse effects may be rare but serious, and hence
important®™ when meta-analysis is applied for combining
results from several trials that have binary outcomes (that
is event or no event). First, we will apply the POR in the case
of small event proportions. Most meta-analytical software
packages do not include options for analyses to calculate
RR when included trials have 'zero events’ in both arms
(intervention vs control). Exempting these trials from the
calculation of RR and CI may lead to overestimation of a
treatment effect as the control event proportion may be
overestimated. Thus we will perform a sensitivity analysis
by applying empirical continuity corrections to our zero
event trials, as proposed by Sweeting et al’' *® by applying
an imaginary small mortality in both arms.

Trial Sequential Analysis

Meta-analyses may result in type 1 errors due to sparse
data and repeated significance testing when meta-anal-
yses are updated with new trials.** ****’ Systematic errors
from trials with high ROB, outcome reporting bias, publi-
cation bias, early stopping for benefit and small trial bias
may result in spurious p values. In a single trial, interim
analysis increases the risk of type 1 errors. To avoid type
1 errors, group sequential monitoring boundaries™ are
applied to decide whether a trial could be terminated
early because of a sufficiently small p value, that is the
cumulative Z curve crosses the monitoring boundary.
Sequential monitoring boundaries can be applied to
meta-analyses as well and are called trial sequential
monitoring boundaries (TSMBs). In ‘Trial Sequential
Analysis’ (TSA) the addition of each trial in a cumula-
tive meta-analysis is regarded as an interim meta-anal-
ysis and helps to decide whether additional trials are
needed.* %’ Potentially a meta-analysis can be performed
every time new trial results are added to a review and we
will investigate whether the risk of increased type 1 error
by multiple and early testing influences the level of statis-
tical significance. It therefore seems appropriate to adjust
new meta-analyses for multiple testing on accumulating
data to control the overall type 1 error risk in cumulative
meta-analysis.”” " **’ The idea in TSA is that if the cumu-
lative Z curve crosses the boundary, a sufficient level of
evidence is reached and no further trials may be needed.
However, there is insufficient evidence to reach a conclu-
sion if the Z curve does not cross the boundary or does
not surpass the required information size. To construct
the TSMB the required information size is needed and
will be calculated as the least number of participants
needed in a well-powered single trial.***” ** We will adjust
the required information size for heterogeneity with the
diversity adjustment factor.** We will apply TSA, since it
prevents an increase in the risk of type 1 error (<5%) due
to potential multiple updating and early testing on accu-
mulating data, whenever new trial results are included
in a cumulative meta-analysis.” * This provides us with
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important information in order to estimate the level of
evidence on the experimental intervention.” * * Addi-
tionally, TSA provides important information regarding
the need for additional trials and their required sample
size.?* %7 We will apply TSMBs according to an informa-
tion size suggested by an a priori 20% relative risk reduc-
tion (RRR) of the binary outcomes.?* 3 Furthermore,
we will perform an analysis using the intervention effect
suggested by the CI limit closest to the null effect and
the point estimate in a random-effects model of all the
trials using a control event proportion suggested by large
observational studies and by the pooled estimate of the
event proportion in the included trials control groups.
As mortality a priori seems low or very low in the trials
conducted so far, and hence the ability to detect small
intervention effects is low, we will perform a TSA with
a diversity-adjusted required information size estimated
based on an a priori 33% RRR of mortality.** * We will use
an a priori anticipated diversity of 50% and a sensitivity
analysis using the diversity suggested by all the included
trials. We will present all analyses with TSA-adjusted (1-o)
CI using 0=0.02 to preserve an FWER<0.05.

Subgroup analysis and investigation of heterogeneity

We will only make inferences from the subgroup anal-

yses in terms of implications for clinical practice if the

overall analysis of one of the co-primary outcomes
becomes statistically significant. Where the analyses of the
co-primary outcomes do not become statistically signifi-
cant, we intend to reference them in ‘Implications for
research’ to provide possible hypothesis generation for
further research. We will compare intervention effects
in subgroups using a test of interaction.” We consider
p<0.05 to be indicative of significant interaction between
the prompt closure effect on one of the co-primary
outcomes and the subgroup category."’

The following subgroup analyses will be conducted if
data permit:

1. Comparing estimates of the pooled intervention effect
in trials with overall high ROB versus trials with overall
low ROB. Hypothesised direction of subgroup effect:
increased beneficial intervention effect in the trials
with overall high ROB.

2. Comparing estimates of the pooled intervention effect
in the included subpopulations of adult patients with
hydrocephalus following aneurysmal SAH: if different
weaning strategies are used within the individual in-
cluded trials, patients assessed differently will be an-
alysed in groups according to the respectively used
strategies. Hypothesised direction of subgroup effect:
increased beneficial intervention effect in some sub-
population.

3. Comparing estimates of the pooled intervention ef-
fect in the included subpopulations of adult patients
with hydrocephalus following aneurysmal SAH: pa-
tients with severe degree of SAH on modified Fisher’s
Scale (grades 3 and 4) versus patients with fair degree
of SAH on modified Fisher’s Scale (grades 1 and 2).

Hypothesised direction of subgroup effect: increased
beneficial intervention in patients with fair degree of
SAH on modified Fisher’s Scale.

4. Comparing estimates of the pooled intervention effect
in the included subpopulations of adult patients with
hydrocephalus following aneurysmal SAH: patients
with a severe degree of SAH on the Hunt and Hess
Scale (grades 3, 4 and 5) versus patients with a fair
degree of SAH on the Hunt and Hess Scale (grades
1 and 2). Hypothesised direction of subgroup effect:
increased beneficial intervention in patients with a fair
degree of SAH on the Hunt and Hess Scale.

5. Comparing estimates of the pooled intervention ef-
fect in the included subpopulations of adult patients
with hydrocephalus following aneurysmal SAH: pa-
tients <60 years of age versus patients >60 years of age.
Hypothesised direction of subgroup effect: increased
beneficial intervention in patients <60 years of age.

6. Comparing estimates of the pooled intervention effect
in the included subpopulations of adult patients with
hydrocephalus following aneurysmal SAH: patients
with late (>48 hours after SAH) versus early (€48 hours
after SAH) EVD implantation.

Sensitivity analysis

To assess the potential impact of the missing data for

dichotomous outcomes, the following two analyses will be

performed:

1. ‘Best-worst-case’ scenario: It will be assumed that
all participants lost to follow-up in the experimental
group survived, had no SAE and had no morbidity;
and all those with missing outcomes in the control
group did not survive, had an SAE and had morbidity.

2. ‘Worst-best-case’ scenario: It will be assumed that all
participants lost to follow-up in the experimental
group did not survive, had an SAE and had morbidi-
ty; and all those with missing outcomes in the control
group did survive, had no SAE and had no morbidity.
Results from both scenarios will be presented in the

review.

To assess the potential impact of the missing data for
continuous outcomes, the following two analyses will be
performed:

1. ‘Best-worst-case’ scenario: It will be assumed that all
participants lost to follow-up in the experimental group
had mean (from patients with follow-up)+2x SD; and
all those with missing outcomes in the control group
had mean (from patients with follow-up)-2 x SD.

2. ‘Worst-best-case’ scenario: It will be assumed that all
participants lost to follow-up in the experimental
group had mean (from patients with follow-up)-2 x
SD; and all those with missing outcomes in the control
group had mean (from patients with follow-up)+2 x SD
To assess the potential impact of missing SDs for contin-

uous outcomes, the following sensitivity analyses will be

performed: where SDs are missing and not possible to
calculate, SDs will be imputed from trials with similar
populations and low ROB. If no such trials can be found,
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SDs will be imputed from trials with a similar population.
As the final option SDs will be imputed from all trials.

We will perform sensitivity analyses to assess the poten-
tial impact of missing data by performing best-worst-case
and worst-best-case scenarios. We will calculate RR with
98% CI and apply a complete case analysis, if possible,
for the sensitivity and subgroup analyses based on the
mortality and SAE primary outcomes.

Grade

SOF tables will be produced summarising the results of
the trials with overall low ROB and for all trials, sepa-
rately. Reasons for downgrading the quality of the avail-
able evidence are: ROB evaluation of the included bias
domains, publication bias, heterogeneity, imprecision
and indirectness (eg, length of stay is a surrogate outcome
measure). We will compare the imprecision assessed
according to GRADE with that of TSA.*

Patient and public involvement
Patients and public were not involved in the making of
this systematic review protocol.

Ethics and dissemination

The evidence on the benefits and harms of the two
common strategies for cessation of EVD treatment in
patients with hydrocephalus following SAH is sparse, and
no methodologically thorough systematic review has been
conducted so far.

Results from this review will be published in an interna-
tional journal according to the interest of the society. No
possible impact, harm or ethical concerns are expected
doing this review.

The choice to publish the protocol separately is based
on current PRISMA guidelines (and 2015 PRISMA-P
statement) which recommends that systematic reviews
are build on a separate protocol that describes rationale,
hypothesis and planned methods of the review, and that
this protocol is made public (besides PROSPERO regis-
tration) before data search and extraction are carried
out, in order to avoid data-driven analysis.'®

This will, in addition, make it possible for future peer
reviewers and editors to be able to measure the complete-
ness and transparency of the review with a predefined
methodological approach, outlined in an associated
protocol, which we find of significant methodological
importance.

DISCUSSION

Placement of an EVD in patients with hydrocephalus
following aneurysmal SAH is an important first-line treat-
ment and is scientifically well substantiated. Risks related
to cessation strategy on the other hand remain unclear.
To our knowledge, previous comprehensive literature
searches have compared the two common cessation
strategies of EVD treatment in patients with hydroceph-
alus following aneurysmal SAH without prepublished

protocols. It is our belief that a review which method-
ologically meets the rigorous demands for systematic
reviews as defined by the PRISMA guidelines (and 2015
PRISMA-P statement) is relevant in order to provide
the highest possible impact for researchers to use in the
forthcoming work and evaluation of this medical issue, as
well as provide reliable and powered evidence to better
inform clinicians on the choice of cessation strategy, or
for the initiation of upcoming trials within the field.

The objective is to conduct a systematic review with
meta-analysis and TSA as well as GRADE assessments
comparing the benefits and harms of prompt closure
versus gradual weaning of EVD treatment in adult patients
with hydrocephalus following aneurysmal SAH. We will
primarily base our conclusions on meta-analyses of trials
with overall low ROB. However, if pooled point-estimates
of all trials are similar to pooled point-estimates of trials
with overall low ROB and there is lack of a statistically
significant interaction between estimates from trials with
overall high ROB and trials with overall low ROB, we will
consider the precision achieved in all trials as the result
of our meta-analyses.
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