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ABSTRACT
Introduction: Chiari malformation type I (CM-I) is a
congenital hindbrain anomaly that requires surgical
decompression in symptomatic patients. Posterior
fossa decompression with duraplasty (PFDD) has been
widely practiced in Chiari decompression, but dural
opening carries a high risk of surgical complications.
A minimally invasive technique, dural splitting
decompression (DSD), preserves the inner layer of the
dura without dural opening and duraplasty, potentially
reducing surgical complications, length of operative
time and hospital stay, and cost. If DSD is non-inferior
to PFDD in terms of clinical improvement, DSD could
be an alternative treatment modality for CM-I. So far,
no randomised study of surgical treatment of CM-I has
been reported. This study aims to evaluate if DSD is an
effective, safe and cost-saving treatment modality for
adult CM-I patients, and may provide evidence for
using the minimally invasive procedure extensively.
Methods and analysis: DECMI is a randomised
controlled, single-masked, non-inferiority, single centre
clinical trial. Participants meeting the criteria will be
randomised to the DSD group and the PFDD group in
a 1:1 ratio. The primary outcome is the rate of clinical
improvement, which is defined as the complete
resolution or partial improvement of the presenting
symptoms/signs. The secondary outcomes consist of
the incidence of syrinx reduction, postoperative
morbidity rates, reoperation rate, quality of life (QoL)
and healthcare resource utilisation. A total of 160
patients will be included and followed up at 3 and
12 months postoperatively.
Ethics and dissemination: The study protocol was
approved by the Biological and Medical Ethics
Committee of West China Hospital. The findings of this
trial will be published in a peer-reviewed scientific
journal and presented at scientific conferences.
Trial registration number: ChiCTR-TRC-14004099.

BACKGROUND
Chiari malformation type I (CM-I), originally
described by Hans Chiari in 1891, is a con-
genital hindbrain deformity that is charac-
terised by caudal tonsillar herniation

through the foramen magnum and a small
posterior fossa, leading to neural structure
compression and a cerebrospinal fluid (CSF)
flow disturbance at the craniocervical junc-
tion (CVJ).1–3 To decompress the neuraxis
and restore the normal CSF dynamics, surgi-
cal intervention is indicated in symptomatic
patients. Suboccipital craniectomy and cer-
vical laminectomy are broadly used and
accepted as the mainstay of surgical treat-
ment of CM-I.4 5 However, surgical adjuvants
after bone decompression, such as dural
opening and duraplasty, remain subject to
considerable controversy because of the
inconsistent outcomes and side effects
among those procedures.2 5–7

Posterior fossa decompression with dura-
plasty (PFDD), involving bone decompres-
sion, dural opening and a variety of intradural
procedures followed by duraplasty, has been
widely used and proved effective in Chiari
decompression.1 6 8 9 The clinical improve-
ment rate of patients undergoing PFDD was
78.6% (44/56) in a meta-analysis.4 A compar-
able rate of clinical response (82.2%) was also
reported by Hoffman et al1 through a

Strengths and limitations of this study

▪ This study is the first randomised control trial for
Chiari malformation type I (CM-I).

▪ This trial will provide the neurosurgical commu-
nity with robust evidence of whether a minimally
invasive technique is the best option in Chiari
decompression.

▪ Healthcare resource utilisation will also be
evaluated.

▪ Our centre is one of the largest neurosurgical
centres in China and covers nearly 8% of the
entire Chinese patient population.

▪ This trial is a single centre randomised controlled
study.
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literature review, in which 231 patients were included.
Although PFDD is an effective surgical technique for
CM-I patients, surgical complications, such as CSF
leakage, meningitis and pseudomeningocoele, which
may result in considerable suffering and resource con-
sumption, have frequently been reported.1 4 7 10 The
average incidence of complications was approximately
24.4% (33/135) in the meta-analysis and 12.4% (28/226)
in the literature review.1 4

To reduce surgical morbidity, dural splitting decom-
pression (DSD), an extradural procedure, was intro-
duced by Isu et al11 in 1993. Only superficial wound
infection has been documented in the literature in
patients undergoing DSD.5 7 9 11–17 Moreover, DSD pre-
serves the inner layer of the dura without duraplasty,
and thus it is associated with less surgical time, shorter
length of hospital stay and lower cost of healthcare,
when compared with widely used PFDD.4 7 10 As to the
efficacy of DSD, multiple studies have reported a com-
parable clinical response rate that ranged from 72.2% to
100.0% in CM-I with or without syringomyelia.6 9 11 13–18

The comparable efficacy, fewer complications, shorter
length of operative time and hospital stay, and lower
costs, in comparison with the widely practiced PFDD,
should prompt the neurosurgical community to con-
sider whether DSD could be used as an alternative treat-
ment of PFDD in CM-I patients.4 7 10

The current literature fails to provide the surgical com-
munity with robust evidence (class I and class IIa studies)
of which surgical procedure is the best option in the treat-
ment of CM-I.4 7 19 DECMI is designed to evaluate which
treatment modality is the best option, with the primary
aim being to demonstrate that DSD is non-inferior to
PFDD in terms of clinical improvement.

STUDY OBJECTIVE
In this study, we aim to test the hypotheses that DSD is
not inferior to PFDD in terms of clinical improvement
in the treatment of adult CM-I patients with or without
syringomyelia, and that DSD has additional benefits over
PFDD, including fewer complications, shorter length of
operative time and hospital stay, better quality of life
(QoL) and lower cost.

METHODS
Study design
This trial is a single centre, single-masked, randomised
controlled study with two parallel comparison groups.
The overall flow of the protocol is presented in figure 1.
The study protocol was performed at West China hos-
pital, which is one of the largest neurosurgical centres in
China. All Chiari decompression will be performed by
the senior author (SH).

Study population
All patients presenting with CM-I will be assessed for eli-
gibility with the inclusion and exclusion criteria detailed

in table 1. Eligible patients will be stratified by the pres-
ence of syringomyelia, and then randomised to undergo
either DSD or PFDD.

Sample size
We began performing DSD in CM-I patients with or
without syringomyelia starting in June 2013, and there-
fore 1 year outcome data of those patients is lacking. We
found that the rate of clinical improvement in adult
CM-I patients undergoing DSD ranges from 75% to
100% (average 87%) according to the litera-
ture.6 9 11 12 16 18 Based on the preliminary data of our
department, the rate of clinical response was nearly 82%
in patients treated with PFDD (unpublished). Thus, a
sample size of 142 patients (71 in each group) would be
required with a 5% (two-sided) type I error and a power
of 80% using a 10% non-inferiority margin. In consider-
ation of those lost to follow-up, 80 patients in each
group will be recruited for this trial.

Randomisation and blinding
Through a minimisation software, the eligible patients
will be allocated using the minimisation method with a
preset variable—the presence of syringomyelia. After

Table 1 Inclusion and exclusion criteria for trial

participants

Inclusion criteria Exclusion criteria

I. Age between 18

and 60 years

I. Dysfunction of blood coagulation

II. Symptomatic CM-I II. Pregnancy

III. Informed consent III. History of meningitis, PFD or

shunt surgery

IV. Hydrocephalus, craniospinal

instability, severe ventral

compression in CVJ, spinal cord

tumour, tethered spinal cord,

arachnoid cyst of the posterior

fossa

CM-I, Chiari malformation type I; CVJ, craniocervical junction;
PFD, posterior fossa decompression.

Figure 1 Decompression of Chiari malformation type I

(DECMI) trial flow chart.
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patient information is imported, participants will be
randomised to the DSD group or the PFDD group.
A special trialist who is masked to the study participants
will perform the randomisation process. Sealed envel-
opes containing treatment assignments will be used to
conceal allocation until just before the operation. In the
single-masked trial, the patients will be blinded to the
assigned treatment. The surgeons, however, will not be
masked because of performing the surgery. To minimise
measurement bias, two investigators who are blinded to
the treatment information will collect outcome data.
The statistician will not participate in the implement of
the study, and will be blinded to the trial intervention.

Treatment protocol
All symptomatic patients suspected for CM-I will
undergo craniocervical MRI to confirm the diagnosis. If
diagnosed with CM-I, patients will further have a head
CT scan performed to exclude hydrocephalus, three-
dimensional CT to exclude atlantoaxial instability and/
or severe basilar invagination, and whole-spine MRI to
exclude spinal tumours and tethered cord syndrome,
and to determine the extension of syrinx.
When informed consent is obtained from eligible

patients, randomisation will take place. The allocated
surgical treatment will be performed as soon as possible
after randomisation.

Group A: Dural splitting decompression
Surgery in the left lateral position will be performed
under general anaesthesia. A midline skin incision will be
made extending from the external occipital protuber-
ance to the upper cervical spine. The muscular attach-
ments at the superior nuchal line and the C2 (if C2
laminectomy will not be required) will be left intact.
A small suboccipital craniectomy (3 cm in diameter) and
a laminectomy of C1 (2.5 cm in diameter) will be per-
formed uniformly with the help of a high-speed surgical
drill and rongeurs in all patients. Additional cervical
laminectomy will be performed depending on the extent
of cerebellar herniation. After osseous decompression,
any craniocervical epidural adhesion band will be coagu-
lated and carefully removed. Once the cervico-occipital
dura is well exposed, a vertical incision of the outer layer
will be performed, and the outer layer of the dura will be
separated and removed from the inner layer caudally and
laterally under microscopic visualisation. To avoid shrink-
ing the inner leaf of the dura, Gelfoam rather than
bipolar cautery will be used to control any venous haem-
orrhage. If accidental opening of the inner layer of the
dura occurs, a stitch will immediately be performed with
suture (5–0 VICRYL, Johnson & Johnson). The muscles
will be closed without any tension, and the fascia and sub-
cutaneous plans will be tightly closed.

Group B: Posterior fossa decompression with duraplasty
Prior to dural opening, the procedures in patients
undergoing PFDD will be similar to the procedures in

those undergoing DSD. Then the dura will be opened
in a Y-shaped incision under microscopic visualisation,
and care will be taken to leave the arachnoid intact. The
grade of arachnoid pathology as described elsewhere
(grade 0=no detectable arachnoid pathology; grade
1=slight arachnoid adhesions, arachnoid translucent;
Grade 2=severe arachnoid adhesions, arachnoid not
translucent), and accidental opening of the arachnoid
membrane, will be recorded in the CRF.2 Severe arach-
noid adhesions will be resected, and dural patch grafting
will be performed with rhombic shape 2.5×2.5 artificial
dura (DURA-Guard, Johnson & Johnson) in a tight
running fashion to expand the posterior fossa and
reconstruct a spacious cistern magna. The wound will
then be closed in layers.

Follow-up
Patients will be followed up at 3 and 12 months after sur-
gical decompression.

Outcomes
To ensure the accuracy and reproducibility of the
outcome, two investigators who have already participated
in a 2-day meeting, focusing on the rationale, surgical
procedures and data collection and management of the
trial, will perform the outcome assessment.
The primary outcome of the trial will be the rate of

clinical improvement, which is defined as the complete
resolution or partial improvement of the presenting
symptoms/signs. The secondary outcomes of the study
will include: (1) the incidence of syrinx reduction:
defined as a reduction of the syrinx cavity size; (2) post-
operative morbidity rates: defined as CSF leakage, men-
ingitis (bacterial or aseptic), pseudomeningocoele,
postoperative hydrocephalus, subdural hygroma, bleed-
ing complications and wound infection; (3) the reopera-
tion rates: defined as a revision surgery for progression
of symptoms/signs or complications that need surgical
intervention; (4) QoL: which will be assessed by SF-12
Physical Component Scale (SF-12 PCS) and the Chiari
Symptom Profile (CSP) as described elsewhere;3 20 and
(5) the healthcare resource utilisation: defined as the
length of operative time and hospital stay, and the total
cost for the primary hospitalisation.

Data collection and management
Each participant will have a CRF with an anonymous
study number, which will be used to record all protocol-
required information. The CRF is divided into the treat-
ment forms and the follow-up forms, and is printed
on two different papers. The schedule for the study
visits and data collection is summarised in table 2.
On admission, baseline characteristics (ie, age, gender
and the presence of syringomyelia) of eligible patient
will be documented by the study investigator and sent to
the special trialist for randomisation. The neurosurgeon
will fill out the treatment forms, including the detailed
surgical procedures and intraoperative findings, the
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complications during hospitalisation, laboratory and
radiological data and hospitalisation costs. After dis-
charge, two trained outcome assessors will complete the
follow-up forms by phone or in the outpatient clinic.
After the information of participants is collected, the
CRF should be completed as soon as possible. The
investigators should give an explanation for any
missing data. The completed CRF will be reviewed by
an authorised investigator. A double-entry method will
be used for abstracting data from the CRF. All entered
data will be locked in a password-secure desktop com-
puter, and will be checked by the principal investigator
every month. At the end of the study, the database will
be sent to the statistician for statistical analysis. All CRFs
will be retained for up to 5 years by the principal
investigator.

Confidentiality
To assure confidentiality, trial participants will be
allocated an anonymous study number throughout the
trial.

Adverse and severe adverse events (AEs)
All participants in the trial will be monitored for adverse
events (AEs), which are defined as undesirable incidents
occurring in patients during the study. All end point
relevant complications (eg, CSF leakage, meningitis and
pseudomeningocoele), however, will be recorded on the
CRF not as AEs but as end points. A serious AE (SAE) is
defined as death, life-threatening events, or significant
disability. All AEs and SAEs will be documented on CRF
in detail, and will be reported to the Quality Monitoring
Board (QMB) and Biological and Medical Ethics
Committee (BMEC). The principal investigator should
report the SAE within 24 h after the SAE becomes

known. Participants who suffer harm will be given
medical treatment as compensation.

Ethics and dissemination
The trial will be carried out in accordance with the dec-
laration of Helsinki and in the context of good clinical
practice. Patients will be fully informed about the trial as
well as given written informed consent prior to random-
isation. The trial was registered in the Chinese Clinical
Trial Registry (ChiCTR-TRC-14004099, 10 January
2014). Recruitment of participants started in June 2014.
The duration of the trial is expected to be 3 years.
The findings of this trial will be presented at one or

more major scientific conferences and published in a
peer-reviewed scientific journal.

Statistical analysis
The intention-to-treat analysis will be performed in all par-
ticipants, and patients without major protocol violations
will have a per protocol analysis. The following baseline
characteristics, including age, sex, the presenting symp-
toms/signs, the duration of symptoms/signs and the pres-
ence of syringomyelia, will be described and assessed for
any imbalance between the two surgical groups. An imbal-
ance will be considered if any of those characteristics
between the two groups have a p value <0.05.
The continuous data will be analysed by independent

sample t test or one-way analysis of variance. χ2 Test or
Fisher’s exact test will be used for nominal data. The
effect of multivariables for clinical improvement will be
analysed by logistic regression. ORs will be reported with
a corresponding 95% CI. A p value <0.05 in two-tailed
test is considered statistically significant.
After 1½ years of recruitment, interim analysis will be

performed to compare the primary end point between
the two surgical groups.

Table 2 Schedule of the assessments

Time point

Enrolment Allocation Intervention Follow-up

After 12 months−1 day 0 day 1 days After 3 months

Enrolment

Eligibility screen X

Informed consent X

Allocation X

Interventions

DSD X

PFDD X

Assessments

Demographics X X

Symptoms/signs X X X X

Syrinx X X X X

Surgical morbidity X X X

Re-operation X X

SF-12 PCS X X X

CSP X X X

Resource utilisation X X X

CSP, Chiari Symptom Profile; DSD, dural splitting decompression; PFDD, posterior fossa decompression with duraplasty; SF-12 PCS, SF-12
Physical Component Scale.
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DISCUSSION
Surgical decompression is the only treatment available for
symptomatic CM-I patients, particularly those with progres-
sive symptoms/signs.2 3 13 The main goals of surgical
decompression are to: (1) decompress the neural struc-
tures; (2) restore the normal CSF dynamics at the CVJ;
and (3) reduce the surgical morbidity and mortality.5 7 17

Therefore, the safest and most effective surgical procedure
is advocated.7 19 Currently, posterior fossa decompression
without duraplasty, leaving the dura intact, is considered to
be the safest surgical procedure, but the procedure is asso-
ciated with a low rate of clinical response.4 5 7 9 21 22

Aggressive intradural manipulations, such as tonsillectomy,
obex plugging and syringosubarachnoid shunt, do not
guarantee improved efficacy, and serious consequences,
such as respiratory distress syndrome, vascular injury, or
even death, might still occur.2 5 17 23 So far, it remains
uncertain which procedure is the optimal surgical
technique, and significant controversy surrounds the ques-
tion of whether the dural opening and expansile dura-
plasty (PFDD vs DSD) are essential for adequate
decompression.4 7 10 A randomised, controlled trial is
needed to solve the clinical equipoise concerning the two
surgical procedures. Hence we designed the trial to evalu-
ate whether or not DSD is inferior to PFDD in the treat-
ment of adult CM-I patients in terms of clinical
improvement. We do not attempt to prove that DSD is
superior to PFDD in terms of clinical improvement,
because a small sample size fails to demonstrate any differ-
ence between the two surgical procedures.
In summary, DECMI is the first randomised controlled

trial designed to evaluate whether DSD is an alternative
treatment modality for CM-I patients, and whether it
results in nearly equal efficacy, fewer complications,
shorter length of operative time and hospital stay, better
QoL and lower cost, in comparison with PFDD.
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