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Preface

Evidence-based medicine, evidence-based surgery, or evidence-based neurosurgery
is about solving clinical problems. In particular, evidence-based neurosurgery pro-
vides tools for using the medical literature to determine the benefits and risks of
patient management strategies and to weigh these benefits and risks in the context
of an individual patient’s experiences, values, and preferences. The term evidence-
based medicine first appeared in the literature in 1991; it rapidly became a buzz-
word or, better, a ticket of entry to high-quality medicine. In fact, EBM involve
informed and effective use of all types of evidence. Not everything in neurosurgery
can be studied with randomized trials, as many diseases have a low incidence, such
that well-done cohort studies are going to be the highest level of evidence available
on which to base our treatment decisions.

Since the beginning of neurosurgery as a medical specialty, it has been character-
ized as a very innovative and practical specialism. Conquering the surgical challenges
due to the extreme susceptibility of the nervous system was and still is a priority.
Neurosurgeons are focussed on avoiding additional neurologic deficit that might sin-
cerely interfere with the quality of life for the patient. New techniques, approaches, and
implants are entering our healthcare systems at an unprecedented pace. Such innova-
tive techniques are often regarded as a positive development, but others have shown
that only 50% of all new techniques prove to be better than the established treatments.
Excellence in surgical research therefore deserves more recognition. Surgical research
is, however, associated with several methodological and practical challenges. Surgical
innovation is especially demanding because many of these challenges coincide. This
situation leads many surgeons to view randomized controlled trials (RCTs)—although
theoretically advantageous—to be too difficult and impractical to undertake and, at
worst, irrelevant to their practice because of concerns of generalizability.

The implementation of new techniques or implants in neurosurgery has therefore
often been based on intuition or eminence-based medicine. Propagation of new
techniques was through observations in small series of patients. Gradually, com-
parative studies have been introduced. Since neurologic deficit or pain due to com-
pression of neural tissue is the main cause to consult a neurosurgeon, removing the
compressive lesion was thought to result in a better outcome than doing nothing. In
some neurosurgical pathologies, this is clear, like an epidural hematoma causing
reduced alertness and eventually death. For others, like a lumbar herniated disc, it is
not so evident.
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In our role as reviewers and readers of different medical journals, we are confronted
with many studies with different study designs and outcome measurements reporting
statistical tests of significance. To our opinion, disclosing statistical significance is not
equal to evidence-based medicine. A description of the clinical relevance of the pro-
duced results is frequently missing, but essential to interpret the results correctly.

Since our goal is to emphasize the role of evidence-based knowledge development
within neurosurgery and its implication in daily practice, we will not cover all aspects
of neurosurgery. Instead, we focussed on questions that will be relevant in the daily
practice of every neurosurgeon. Several neurosurgical practices have been proven
effective in historical practice and will not be evaluated in trials, like the removal of an
epidural hematoma in an unconscious patient. This resembles the situation of using a
parachute when jumping from a high altitude. This is evident and will not be evaluated
[1]. The topics were chosen from a personal view (RB), which was subsequently dis-
cussed with other neurosurgeons. They were based on questions that arise in daily
practice. For example, is age a restricting factor when treating patients with an onco-
logic or vascular problem? Some topics are still a focus in the neurosurgical literature;
others are not. Together, the topics provide an overview of the broadness of work done
by the neurosurgeons. In all of the chapters, the main question to be answered is as fol-
lows: To what extent is the neurosurgical approach of a certain health problem based
on solid evidence? In order to emphasize the relevance of evidence, we suggested a
fixed format with preferably a systematic review and, if possible, a meta-analysis fol-
lowed by important remarks regarding the clinical implications. However, after we had
collected all the submissions, it became evident that not all subjects were fit for the
proposed format. That is, the authors were frequently forced to conclude that a higher
level of evidence than is currently available would be necessary in order establish the
validity of the currently accepted management. We believe this is a fact of which both
students and neurosurgeons need to be aware, so that they may be prepared to update
and alter their clinical decision-making on the basis of higher levels of evidence when
these become available. We also hope that increasing awareness of the low level of
evidence upon which much neurosurgical practice is based will prompt neurosurgeons
from many countries to plan or at least participate in clinical studies to achieve a higher
quality of evidence upon which to base a more rational clinical practice.

We would like to congratulate and thank all of our highly distinguished authors
for their generous efforts and thoughtful contributions to this compilation.

While this book represents the best evidence in neurosurgery, evidence is not
static, so we will provide online updates, and we welcome all contributions or refer-
rals to this new evidence.

Nijmegen, The Netherlands Ronald H. M. A. Bartels
Nijmegen, The Netherlands Maroeska M. Rovers
Nijmegen, The Netherlands Gert P. Westert
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Evidence in Neurosurgery

Ronald H. M. A. Bartels, Gert P. Westert,
and Maroeska M. Rovers

Evidence-based medicine is currently state of the art also within neurosurgery.
However, most of the known techniques and approaches have been developed
before the nineties of the former century. Series of cases were published reporting
the success of a method. These were supported by personal views of charismatic
leading neurosurgeons. For example, for a long time it was well known that evacu-
ation of an epidural hematoma can be lifesaving, that decompression of a nerve root
by removing a compressing lumbar disc can relieve the pain, or the CSF drainage in
case of a hydrocephalus can relief signs and symptoms or be, ultimately, lifesaving.
Trials have never been performed.

In the second half of the former century the recognition of variability in clinical
practice, inappropriate care and rising costs triggered the need for evidence within
medical practice [1]. Until then medical practice was guided by intuition, trial and
error and expert opinion. The challenge is to separate warranted from unwarranted
variability of care. Structured and reproducible methods to establish a potential ben-
efit of a treatment for the patient are sorely needed. Only the results of the best
available research should be applied to clinical practice. It is of utmost importance
to incorporate patient values and expertise.
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Nijmegen, The Netherlands
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Different designs of clinical research are known, from observational to random-
ized controlled trials. The randomized controlled trial (RCT) is considered as the
highest standard for clinical research when properly designed and performed.
Although RCT is adequate to investigate the effect of a treatment, an often-heard
objection of RCTs is the difficulty or even impossibility to extrapolate the results to
patients encountered in daily practice. The set-up and inclusion criteria do not
resemble the patients encountered in clinical practice, day by day. Because of this
and other disadvantages of randomized trials an adaptive design is promoted for
nearly three decennia [2, 3].

Although these research methods contribute to obtaining more valid and reli-
able information, and therefore evidence-based medicine, the highest level of
information will be obtained by meta-analyses. The results of this method meets
the definition of evidence-based medicine: “a conscientious, explicit, and judi-
cious use of current best evidence in making decisions about the care in individual
patients” [1].

Meta-analyses systematically integrate the results of individual studies in order
to overcome limits as size or scope of the studies. It can be very effective for com-
bining the findings of small trials or observational studies. The quality of a meta-
analysis mainly depends on planning. A thorough design including clear definition
of objective, criteria for inclusion and exclusion, target population and outcome
measurements is essential. The level of evidence and the risk on bias of each
included study should be monitored. For grading the level of evidence, the GRADE
working group has defined guidelines [4]. It is a comprehensive framework to grade
the quality of evidence and to formulate recommendations for guidelines. Although
RTCs are considered the highest standard, since the introduction of the GRADE
guidelines the quality of an RCT can be discussed. An inadequate designed RCT
results in a lower quality of evidence compared to a very well-designed observa-
tional study.

Despite all recommendations and guidelines to adequately design a study in
order to provide the best quality of evidence, many studies including meta-analyses
only focus on reporting p-values. Recently, the American Statistical Association
published a policy statement on statistical significance and p-values [5]. This is
remarkable since this association seldom provides this kind of statements. The ASA
Board was concerned about the widespread use of p-value < 0.05. According to the
ASA Board misuse of the p-value contributed to a decrease of trust in the validity of
science leading to extreme decisions like discouraging the use of p-values by spe-
cific journals.

In reaction to the ascertained misuse and misinterpretation of the p-value the
ASA statement was formulated. In six principles, the statement emphasized how the
p-value should be interpreted, and specifically how not. For proper interpretation of
p-values, all contextual factors should be taken into account. This implies transpar-
ency and completeness of reporting. Multiple analyses to find a statistically signifi-
cant difference (data drenching, p-hacking) is not a good practice. The statement
explicitly stated that a p-value itself does not measure the size of an effect or the
importance of a result. Finally, the statement stressed that the p-value itself does not
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provide any evidence in favour or against a hypothesis without information about
the contextual factors.

Lowering the p-value to 0.005, has been suggested as a solution to its misuse and
misinterpretation. Apart from the benefit, the potential harms of lowering the thresh-
old have been addressed by several authors [6]. Several alternatives are present.
They all rely on assumptions, but they might directly address the relevance of an
effect, like Bayesian methods [5, 6].

It is evident that discussion of the clinical relevance of the results is of utmost
importance. The clinical relevance or significance is directly related to the design of
the study. The null hypothesis, the outcome measurements and the power of the
study directly influence the clinical relevance. At the start of a study it should clearly
be stated which difference in outcome is considered clinically significant. Several
possibilities exist among which for example minimal clinically important difference
(MCID), substantially clinical benefit (SCB), or number needed to treat (NNT). For
every comparative study including meta-analysis one of these can be used.

Neurosurgical literature is not characterized by high level of evidence. It has
been shown that the level of evidence did not increase the likelihood of citation [7].
Although the level of evidence was increasing, it still remains low [8, 9]. In a recent
survey according to neurosurgeons themselves clinical decisions are made on papers
of a lower level of evidence than other medical specialities [10]. The lower level of
evidence in neurosurgical literature can be explained by the characteristics of neu-
rosurgical pathology: it is often rare and clinical observations might be valuable.
Furthermore, any of the current innovations in neurosurgery are variations of well-
known and clinically proven techniques. This does not facilitate defining a clear
outcome for proper trials regarding clinical significance.

Many technical innovations will be launched in near future. Several barriers will
exist for performing RCTs among which costs and the current very strict regulations
are very important. Furthermore, the timing of RCTs is very essential. A learning
curve for each new technique should be taken into consideration. Either the trial is
done too early resulting in a type 2 error since the surgeons are not familiar with the
technique or its possibilities, or it is too late, and it has already been adopted by
surgeons and patients as standard care [11]. A recent example is the introduction of
arthroplasty, either lumbar or cervical.

Emphasizing the difficulty to perform timely and reliable RCT’s within neuro-
surgery alternatives have been suggested [9, 11]. An RCT should be conducted by
surgeons from multiple, large centres to improve reliability and generalizability. All
participating surgeons should be trained thoroughly to reduce a type 2 error. Other
designs might also be helpful: registry randomized trials, platform trials and adap-
tive designs. Large observational studies still have a role for post-marketing surveil-
lance in order to be informed about clinical effectiveness and complication rate.

Neurosurgery cannot be compared with other surgical specialities, because of
the characteristics of nervous tissue, its location within the body and the frequency
of diseases that are amenable for neurosurgical treatment. All these characteristics
have contributed to the innovative attitude within neurosurgery. The surgical
microscope was introduced within neurosurgery as was for example navigation
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techniques. Due to these aspects and the high costs related to new developments,
meeting standards for evidence-based medicine before their introduction is
extremely challenging, but crucial. The use of new methodological designs can
facilitate this process.
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The Value of Decompressive 2
Craniectomy in Traumatic Brain Injury

Angelos G. Kolias, Athanasios Paschalis, Kostas N. Fountas,
and Peter J. Hutchinson

Introduction

Evidence-based medicine has been defined, by Sackett et al. as “the conscientious,
explicit and judicious use of current best evidence in making decisions about the
care of individual patients” [1]. In turn, the same authors described the best avail-
able clinical evidence as “clinically relevant research, often from the basic sciences
of medicine, but especially from patient centred clinical research into the accuracy
and precision of diagnostic tests (including the clinical examination), the power of
prognostic markers, and the efficacy and safety of therapeutic, rehabilitative and
preventive regimens” [1]. Establishing an evidence-based practice in neurosurgery
has always been a challenge and traumatic brain injury (TBI) has not been an excep-
tion. It is well known that trauma remains a major public health problem worldwide.
Of all types of traumatic injuries, TBI is the type most likely to result in death or
permanent disability. It is estimated that 69 million (95% CI 64—74 million) indi-
viduals worldwide suffer a TBI each year [2]. However, the true TBI burden is likely
underestimated due to the incomplete capture of data especially in low- and middle-
income countries (LMICs).

Intracranial hypertension and brain swelling are well recognised secondary
insults following TBI, which are associated with increased mortality and worse
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outcomes [3]. Decompressive craniectomy (DC) refers to the practice of removing
a large bone flap and opening the underlying dura. By “opening the box”, the intra-
cranial pressure (ICP) is lowered and the risk of herniation can be avoided, although
not completely eliminated. In 1908, Harvey Cushing reported a drastic reduction in
TBI mortality from 50% to 15% after subtemporal DC [4]. During the twentieth
century, various DC techniques were described (hemi-craniectomy, circumferential,
bifrontal), but a lack of consensus about indications and substantial variation in
reported outcomes paved the way for randomised trials, which were initiated in the
beginning of the twenty-first century [5].

Nowadays, three main options exist in terms of the site of DC. In a bifrontal DC,
the bone flap extends from the floor of the anterior cranial fossa anteriorly to the
coronal suture posteriorly and to the middle cranial fossa floor bilaterally. A hemi-
craniectomy, which is also known as unilateral DC, essentially refers to a large
fronto-temporo-parietal bone flap; decompression down to the middle cranial fossa
floor is also essential. The third option is a bilateral hemi-craniectomy. In general, a
bifrontal DC or bilateral hemi-craniectomy are used for patients with diffuse brain
swelling, whereas a hemi-craniectomy tends to be used for patients with swelling
that predominantly affects one hemisphere, which usually manifests as midline shift
on imaging.

When we consider timing, it is useful to use the terms primary and secondary
DC [6]. A primary DC refers to leaving a large bone flap out after evacuating an
intracranial haematoma in the early phase after a TBI. The most frequent indica-
tion for a primary DC is an acute subdural haematoma (ASDH) [7]. Typically, a
large fronto-temporo-parietal bone flap is left out after evacuating the haematoma
either because the brain is bulging beyond the inner table of the skull or because
there is a concern of increasing brain swelling (e.g. in a patient with contusions)
in the post-operative period. A secondary DC refers to a DC undertaken in TBI
patients who are managed in an intensive care unit (ICU) with ICP monitoring. In
this setting, a DC is performed as part of tiered protocols which aim to control
raised ICP and maintain the cerebral perfusion pressure (CPP) at adequate
levels.

This chapter aims to critically appraise the existing evidence base in order to
define the role of DC following TBI.

Methods

In view of the existence of randomised trials addressing the role of DC in TBI, we
decided to include only such articles. We searched PubMed with the use of advanced
search and the following query (craniectomy [Title/Abstract]) AND “randomized
controlled trial” [Publication Type].
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Results

Figure 2.1 includes the PRISMA chart [8]. In summary, 40 records were identified,
of which 35 were excluded as they were not addressing the role of DC in
TBI. Therefore, we are left with five randomised trials, which are presented below
in order of publication date. For a summary of the trials, the reader can refer to

A 4

Y

Records excluded
(n=35)

Table 2.1.
_5 Records identified through PubMed
g searching
= (n =40)
c
(9]
3
A 4
PR Records after duplicates removed
(n =40)
o
=
c
[
2 A4
O
@ Records screened
(n =40)
A4
> Full-text articles assessed
= for eligibility
o] —
B (n=5)
i
A
] . .
[} Studies included in
T s e .
= qualitative synthesis
2 (n=5)

Fig. 2.1 PRISMA 2009 flow diagram

Full-text articles excluded,
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(n=0)
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A Randomised Trial of Very Early Decompressive Craniectomy
in Children with Traumatic Brain Injury and Sustained
Intracranial Hypertension

In 2000, Taylor et al. published the first ever randomised trial of DC [9]. This was a
pilot, single-centre trial (Melbourne, Australia) that enrolled 27 children with a TBI
and intracranial hypertension, who had a median age of 120.9 months (range 13.6—
176.4 months). Children with intracranial hypertension during the first day after
admission (ICP 20-24 mmHg for 30 min, 25-29 mmHg for 10 min, 30 mmHg or
more for 1 min) or who had evidence of herniation (dilatation of one pupil or the
presence of bradycardia) were eligible for randomisation. Children were randomised
to conventional medical management (control group) or bitemporal DC plus con-
ventional medical management (decompression group).

Randomisation took place at a median of 16 h (range 3-29) after injury. The
bitemporal DC was performed at a median of 19.2 h (range 7.3-29.3 h) after injury.
Interestingly, as this was a paediatric population, the authors decided to only remove
a disc of temporal bone measuring about 3—4 cm, with extension of the craniectomy
to the floor of the middle cranial fossa but without opening the dura mater. The
authors justified this decision by stating that they “chose the bitemporal craniec-
tomy to promote decompression of the temporal lobes and achieve ICP control
while reducing the degree of transtentorial herniation and upper brainstem compres-
sion” and that “the dura was not opened, to avoid gross cerebral herniation and
further injury to the brain” [9].

Although this pilot trial was small, its findings showed that DC was associated
with arisk ratio of 0.54 (95% CI10.29-1.01) for unfavourable outcome at 6 months—
defined by the authors as, death, moderate or severe disability. Moreover, in
comparison to pre-randomisation ICP, the mean ICP was 3.69 mmHg lower in the
48 h after randomisation in the control group, while it was 8.98 mmHg lower in the
48 h after DC in the decompression group (P = 0.057).

One has to recognise the significance of this trial, as it was the first ever ran-
domised trial of DC following TBI and additionally it focused on a paediatric popu-
lation, which made it even more challenging. Nevertheless, it has a few important
limitations and sources of bias. A sample size calculation was not provided. The
study is reported as “pilot” by the investigators but despite this, the primary end-
point is functional outcome, which would be more suitable for a definitive multi-
centre study. Blinding of patients, families and treating clinicians was not possible
due to the nature of the intervention but it is also unclear if any attempt was made to
maintain the blinding of the outcome assessors. It is also unclear whether allocation
concealment was achieved. Allocation concealment is different to blinding and it
simply means that the person randomising the patient does not know and cannot
predict what the next treatment allocation will be; it is an important concept as it
prevents selection bias. The authors also used the Zelen method of randomisation,
which is considered controversial [14]. In this approach, randomisation takes place
before consent, which is only sought from those allocated to the experimental arm
of a trial. Therefore, the control group is unaware that randomisation has taken
place. Moreover, the investigators performed a statistical analysis on the outcome
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data twice during the last 6 months of the trial prior to the final analysis, which is
another source of bias. Finally, the surgical technique employed was unusual in that
the DC only involved the temporal squama and the dura was not opened. For these
reasons, this study cannot be considered definitive.

Efficacy of Standard Trauma Craniectomy for Refractory
Intracranial Hypertension with Severe Traumatic Brain Injury:
A Multicenter, Prospective, Randomized Controlled Study

In 2005, Jiang et al. published the results of a multi-centre randomised trial that took
place in five centres in China aiming to compare outcomes after a standard-sized
trauma DC (12 x 15 cm flap) vs. a limited DC (6 x 8 cm flap) in severe TBI patients
with refractory intracranial hypertension [10]. They enrolled patients with “refrac-
tory intracranial hypertension, caused by unilateral massive fronto-temporo-parietal
contusion, intracerebral/subdural hematoma, and brain edema”. The authors
recruited 486 patients in total and found that the mortality rate was lower (26% vs.
35%) and favourable outcome rate higher (39.8% vs. 28.6%) after standard trauma
DC compared to limited DC (p < 0.05). The larger DC had a risk ratio of 0.84 (95%
CI 0.74-0.96) for unfavourable outcome, which was defined as death, vegetative
state and severe disability on the Glasgow Outcome Scale at 6 months. Additionally,
they found that the larger DC was associated with fewer complications, such as
delayed intracranial hematoma, repeated surgical intervention, and CSF fistula,
compared to the small DC.

This trial also has a few limitations. A sample size calculation was not provided
and it is also unclear whether allocation concealment was achieved. Additionally,
although this was supposedly a trial of patients with refractory intracranial hyper-
tension, pre-operative ICP data were only available for 17% of the patients enrolled
and an ICP threshold was not included in the inclusion criteria. It is likely that the
authors mistakenly used the term “refractory intracranial hypertension” instead of
severe unilateral post-traumatic brain swelling. One positive aspect was that the
outcome assessors were not aware of the patients’ treatment assignments.

To some extent, the results of this study are not surprising as the observation that
if the flap is too small, the expanding brain can herniate through the cranial defect
with the development of new haemorrhagic and ischaemic lesions had been made
by others [15]. Nevertheless, this is a useful trial as it provides evidence regarding
the optimal size of unilateral DC and definitive evidence that small-sized bone flaps
should be abandoned in the context of DC.

Study of the Effectiveness of Craniotomy on Patients with Acute
Post-Traumatic Brain Swelling After Severe Traumatic Brain Injury
(ISRCTN14110527)

In 2009, Qiu et al. published the results of a single-centre randomised trial from
China, which again compared a standard unilateral DC (around 15 cm maximum
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diameter) vs. a limited unilateral temporo-parietal craniectomy (around 8 cm maxi-
mum diameter) [11]. The investigators included TBI patients with a Glasgow Coma
Scale (GCS) of 8 or less at admission, and swollen hemisphere with midline shift
>5 mm, contusions <25 ml and compressed basal cisterns on CT scan. Mean time
to surgery from admission was 5.8 h, and 74 patients were enrolled in total, equally
distributed in the two groups. In this trial, the larger DC had a risk ratio of 0.64 (95%
CI 0.42-0.99) for unfavourable outcome, which was defined as death, vegetative
state and severe disability on the Glasgow Outcome Scale at 12 months. In this trial,
the investigators also found a much larger mortality difference between the two
groups (27% in the unilateral DC group vs. 57% in the control group; p = 0.010)
compared to the previous multi-centre trial from China. On the other hand, they
found that the larger DC was associated with more complications, namely delayed
intracranial haematoma (21.6% vs. 5.4%; p = 0.041) and subdural effusion (10.8%
vs. 0, p = 0.040).

This trial also has a few limitations. A sample size calculation was not provided
and it is also unclear how allocation concealment was achieved. In comparison to
the earlier multi-centre trial from China, it had a much smaller sample size and was
only conducted at a single centre. This likely explains the much larger treatment
effect in terms of mortality and unfavourable outcome, as it is well known that small
and single-centre trials tend to overestimate treatment effects [16, 17].

Multi-Centre Prospective Randomised Trial of Early
Decompressive Craniectomy in Patients with Severe Traumatic
Brain Injury: DECRA (DEcompressive CRAniectomy) Trial
(ACTRN012605000009617)

The DECRA trial aimed to address the role of early, neuroprotective bifrontal DC
for patients with severe TBI and mild/moderate intracranial hypertension not con-
trolled by first-tier therapies [12, 18]. The study enrolled 155 patients in three dif-
ferent countries (Australia, New Zealand, and Saudi Arabia). Patients were eligible
for randomisation within the first 72 h after TBI, if the ICP was higher than 20 mmHg
for >15 min (continuously or intermittently) within a 1-h period and refractory to
first-tier ICP-lowering interventions. External ventricular drainage pre-
randomisation was used in 70% of the patients enrolled in the study. Patients were
randomised to bifrontal DC or ongoing medical care. The primary outcome measure
was the extended Glasgow Outcome Scale (GOSE) score at 6 months. The mortality
was similar in both groups (19% vs. 18%), but more surgical patients had an unfa-
vourable GOSE (70% vs. 51%; p = 0.02). Following post hoc adjustment for pupil
reactivity at baseline, which is an important prognostic factor that was not balanced
between the two groups, the rate of unfavourable outcome was no longer signifi-
cantly different between the two arms (adjusted OR 1.90; 95% CI 0.95-3.79). The
authors also found that after randomisation, the mean ICP was lower in the craniec-
tomy group than in the medical group (14.4 mmHg vs. 19.1 mmHg, p < 0.001).
This was a well conducted and high-quality trial that tried to address a very spe-
cific hypothesis, namely that “early decompressive craniectomy will improve long
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term neurological outcome in patients with severe traumatic brain injury” [12].
There are no major methodological concerns but the sample size was limited with
the caveats previously mentioned about small trials. The limited sample size is
probably responsible for the imbalance in pupil reactivity at baseline, as the risk of
imbalance in baseline characteristics is greater for trials with small samples [19].
Additionally, the length of follow-up was 6 months, which is rather limited given
that the GOSE trajectory for TBI patients peaks near year 10 with changes occur-
ring most rapidly in the initial years after TBI [20]. Finally, almost one quarter of
the medical group underwent a DC (15 patients (18%) underwent a craniectomy
after 72 h as a lifesaving intervention, while four patients (5%) underwent a crani-
ectomy less than 72 h). The intention-to-treat (ITT) principle, which was how the
analysis was conducted in the DECRA trial, includes every patient who is ran-
domised according to the initial randomised treatment assignment. From the statis-
tical perspective, the ITT principle is a robust method that maintains the balance
between the treatment and control groups, in terms of observable and non-observable
characteristics, generated from the original random treatment assignment. However,
due to the cross-over from the medical to the surgical arm, it is possible that the
DECRA trial has overestimated the harmful effects of early bifrontal DC.

Although DECRA has been widely criticised for various reasons but mostly
about its hypothesis and enrolment criteria [21, 22], we view it as a valuable trial
that addressed a very specific question. On the basis of its findings, we can conclude
that bifrontal DC should not be used as a neuroprotective measure for moderate
intracranial hypertension after TBI in well-resourced intensive care units (ICUs)
that have the means to manage elevated ICP with medical measures and external
ventricular drainage.

Randomised Evaluation of Surgery with Craniectomy
for Uncontrollable Elevation of Intracranial Pressure:
RESCUEicp Multi-Centre Trial (ISRCTN66202560)

The RESCUEicp trial aimed to address the role of DC as a last-tier measure for
severe and refractory intracranial hypertension after TBI [13]. The study enrolled
408 patients in 20 countries. Patients were eligible for randomisation at any time
point after TBI if the ICP was higher than 25 mmHg for at least 1 h and was refrac-
tory to first-tier and second-tier ICP-lowering interventions. External ventricular
drainage pre-randomisation was used in 19% of the patients enrolled in the study.
Patients were randomised to decompressive craniectomy or standardised medical
therapy. Barbiturates became an option for the medical group after randomisation.
The surgical treatment was either a large unilateral fronto-temporo-parietal craniec-
tomy (hemi-craniectomy), which was recommended for patients with unilateral
hemispheric swelling, or a bifrontal craniectomy, which was recommended for
patients with diffuse brain swelling that affected both hemispheres. However, as this
was a pragmatic ‘real-world’ trial, the exact site of craniectomy was left at the dis-
cretion of the neurosurgeons.
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The primary outcome measure was the GOSE score at 6 months. The pre-specified
ordinal regression showed a difference in the GOSE distribution between the two
groups (x> =7.72, 1 df, p = 0.005). Craniectomy resulted in substantially lower mor-
tality (26.9% vs. 48.9%) but higher rates of vegetative state (8.5% vs. 2.1%), lower
severe disability (21.9% vs. 14.4%), and upper severe disability (independent at home;
15.4% vs. 8%) than medical care. The rates of moderate disability and good recovery
were similar in the two groups. However, surgical patients continued improving
beyond the 6 months, and at 12 months, 45.4% of surgical patients had a favourable
outcome (upper severe disability or better) compared to 32.4% in the medical group
(p = 0.01). Additionally, craniectomy patients had fewer hours than medical patients
with ICP above 25 mmHg after randomisation (median, 5.0 vs. 17.0 h; p < 0.001) but
also had a higher rate of complication (16.3% vs. 9.2%, p = 0.03).

This was also a well conducted trial with no major methodological concerns.
Additionally, it had a larger sample size and longer follow-up in comparison to
DECRA. One of the main limitations of the trial is the fact that a DC was performed
in 37.2% of the patients in the medical group due to failure to control ICP. This was
allowed by the protocol, as well as the administration of barbiturates in surgical
patients in case of further deterioration, on the basis that potentially life-saving
treatments should not be withheld from patients simply because they were enrolled
in a trial. Nevertheless, this occurrence has likely diluted the observed treatment
effect. Finally, data on cranioplasty, a procedure that aims to reconstruct the skull
defect a few months after craniectomy, were not systematically obtained.

In summary, the RESCUEicp findings suggest that secondary DC can be helpful
as a last-tier intervention to reduce mortality in the subset of TBI patients with
severe and refractory posttraumatic intracranial hypertension. Of the extra survivors
generated by DC, approximately 60% are independent (at least at home) and 40%
dependent on others at 12 months.

Level of Evidence

When considering the five randomised trials presented above, it is evident that they
addressed four different questions concerning the role of decompressive craniec-
tomy in TBI:

1. The role of early bitemporal DC vs. conventional medical management in chil-
dren with intracranial hypertension after TBI

2. The role of a large fronto-temporo-parietal DC (around 15 cm) vs. a small uni-
lateral DC (around 8 cm) for patients with unilateral hemispheric swelling (with
large or small-size contusions)

3. The role of early, neuroprotective bifrontal DC vs. medical management for
patients with severe diffuse TBI and moderate intracranial hypertension

4. The role of last-tier DC vs. medical management for patients with severe and
refractory intracranial hypertension after TBI.
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The first question has been addressed by one small pilot RCT [9], which provides
low quality evidence according to the GRADE criteria [23].

The second question has been addressed by one large multi-centre randomised
trial and one small single-centre randomised trial, which provides moderate quality
evidence [10, 11].

The third question has been addressed by a multi-centre RCT of small/moderate
sample size, which provides moderate quality evidence [12].

The fourth question has been addressed by a large multi-centre RCT, which pro-
vides high quality evidence [13].

Patient Preferences

After a TBI, patients who survive can have varying levels of disability ranging
from vegetative state to moderate disability on the GOSE. Vegetative state and
lower severe disability (dependent on others for care) are considered unfavourable
outcomes by most individuals, at least in western societies. However, patients in
upper severe disability are independent at home but require assistance outside
(e.g. for shopping or travelling), and patients in moderate disability are usually
employed in a paid or a voluntary capacity but have not returned to their pre-TBI
employment.

It is useful to bear in mind these descriptions, as it is evident that lower severe
disability is very different from upper severe disability, for example. In fact, when
discussing with families in the acute setting, given that patients are incapacitated
due to the TBI, we advocate against using loaded terms such as “favourable” or
“unfavourable” which inevitably reflect our own value judgments [24]. It is prefer-
able to simply state that the best available evidence suggests that:

e DC, when used before other treatment options have been exhausted, does not
improve mortality or functional outcome

¢ DC, as a rescue intervention when most other interventions have failed, reduces
mortality by about 20% in severe and refractory intracranial hypertension

e At 12 months, about 60% of these additional survivors would be at least indepen-
dent at home. The rest would be dependent at home or not recover
consciousness.

Our experience is that, when presented with this information, some families
favour proceeding to DC, and some do not. This is because the degree of acceptable
disability varies from person to person and is dependent on many factors, such as
culture, social environment, and religion [25]. Moreover, one should also bear in
mind that patients can adapt to a level of significant disability that they may have
previously regarded as unacceptable [26].

For these reasons, we do not think that clinicians should be unilaterally deciding
whether a given degree of disability is “acceptable” or “unacceptable”—the person
who needs to accept an outcome is the patient [24]. Therefore, we believe that the
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indirect input of patients through their families, is critical when determining the
degree of acceptable disability, and consequently whether a secondary DC should
be undertaken.

Discussion

The limitations of each trial have already been presented in the respective sections.
Therefore, in this section, we will address some general limitations of the current
evidence base and present some further considerations.

Although primary DC is undertaken more frequently than secondary DC [7],
no trials on primary DC have been published. The RESCUE-ASDH trial (www.
rescueasdh.org) is an ongoing multi-centre randomised trial that aims to define the
best surgical strategy for patients with ASDH [25]. The trial was launched in 2014
with the aim of comparing primary DC (bone flap left out) with craniotomy (bone
flap replaced and fixed) for patients with a serious TBI undergoing evacuation of
an ASDH. Similar to “real-world” practice, patients are randomised intraopera-
tively after evacuation of their ASDH. Patients who have significant brain swell-
ing preventing safe replacement of the bone flap are not suitable for randomisation
and are being followed-up as part of a parallel observational cohort. The study is
ongoing, and nearly 450 patients have been randomised from 37 sites worldwide.
As recruitment will end in April 2019 and the primary outcome is GOSE at
12 months, the study results are expected during early 2021.

Even though intracranial hypertension is associated with an increased risk of
death [27, 28], it is not the only driver of poor outcome. For example, the presence
of large bilateral dorsolateral brainstem lesions or severe diffuse axonal injury are
likely to be drivers of poor outcome which DC, or for that matter any ICP-lowering
intervention, cannot modify. Unfortunately, early MRI studies that allow the exclu-
sion of these pathologies, with a high level of confidence, are not currently feasible
in most patients.

Moreover, there is ongoing debate as to whether DC itself contributes to some of
the disability. This may be generic, e.g. through deformation of brain tissue [29], or
might only apply to a specific surgical technique, such as a bifrontal craniectomy
with a strip of bone over the superior sagittal sinus or a bifrontal craniectomy where
the falx cerebri is not divided. In theory, these techniques could be leading to pres-
sure on genu of the corpus callosum, thereby contributing to secondary injury and
poorer outcomes [30]. Additional research is currently in progress to elucidate these
issues. Nevertheless, it is very likely that the poorer outcomes of DC in comparison
to medical treatment observed in the DECRA trial can be explained by the fact that
as DC was applied early, any potential benefit that could be derived from it was
outweighed by the surgical morbidity, including that of the subsequent cranioplasty.
The latter is also an issue that deserves more attention, as neurological dysfunction
in relation to large skull defects has been proposed as an important factor that can
affect the outcome of DC patients [31]. Small, uncontrolled studies suggest that
earlier cranioplasty (within 3 months of DC) may independently improve long-term
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outcome [32]. This is an area that would benefit from the conduct of high-quality
randomised trials.

It is important to emphasise that the DECRA and RESCUEicp trials had differ-
ent hypotheses, inclusion criteria and addressed different research questions. The
DECRA trial, when compared to the RESCUEicp trial, enrolled patients with a
lower ICP threshold (20 mmHg vs. 25 mmHg) for shorter intervals (15 min vs.
1-12 h), after lower intensity therapies (stage 1 interventions vs. stage 1 and 2 inter-
ventions), and within a shorter interval after injury (all patients enrolled within 72 h
after injury vs. 44% of patients enrolled >72 h after injury) [33]. Moreover, patients
with mass lesions were enrolled in the RESCUEicp trial, but not in the DECRA
trial. At enrolment, the populations also differed with respect to expected outcome,
as the requirement for stage 2 interventions increases the relative risk of death by
60% [34]. This explains the fact that, at 6 months, the pooled mortality was 37.5%
in the RESCUEicp trial versus 18.7% in the DECRA trial.

Finally, although 90% of worldwide trauma-related deaths occur in LMICs, less
than 10% of the RESCUEicp patient population was enrolled in LMICs, whereas all
patients in the DECRA study were from high-income countries (HICs) [25]. This
fact raises some important issues. Firstly, one cannot necessarily extrapolate the
results from studies in HICs, where prehospital, acute neurosurgical, and post-acute
care are generally delivered in a more systematic way, to the results that can be
expected in LMICs. Secondly, it is probably not possible for neurosurgeons work-
ing in LMICs to follow recommendations derived from the DECRA and RESCUEicp
studies, given that ICP monitoring is often not available in their daily practice.
Nevertheless, the burden of TBI is much higher in LMICs, and patients receive care
for TBI despite the absence of high-quality evidence directly applicable to these
countries. These are issues that are being examined as part of efforts to improve the
care of TBI patients globally, in the context of the NIHR Global Health Research
Group on Neurotrauma [35].

Conclusions

The evidence from the 5 published randomised trials of DC can be summarised as
follows:

1. Unilateral or bifrontal DC used as a last-tier therapy for patients with severe,
sustained, and refractory posttraumatic intracranial hypertension leads to a sub-
stantial mortality reduction but increases disability [both lower (dependent) and
upper (independent at home) severe disability] compared to medical manage-
ment (high quality evidence)

2. Early neuroprotective bifrontal DC for mild to moderate intracranial hyperten-
sion is not superior to medical management for patients with diffuse TBI (mod-
erate quality evidence)

3. A large fronto-temporo-parietal DC (around 15 cm) is superior to a small unilat-
eral DC (around 8 cm) for patients with unilateral hemispheric swelling with
large or small-size contusions (moderate quality evidence)
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4. A small pilot study found a trend towards improved survival and functional out-
comes with bitemporal decompression compared to medical management in
children with post-traumatic intracranial hypertension (low quality evidence).

The neurosurgical community should focus on the roles of DC, cranioplasty, and
other decompressive procedures (such as floating or hinge craniotomy) not just in
HICs but also in LMICs due to their much greater TBI burden.
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Cranioplasty: Does Timing Have Any
Effect on the Degree of Neurological
Recovery or the Complication Rate?

Zayan Mahmooth, James G. Malcolm, Rima S. Rindler,
and Faiz U. Ahmad

Introduction

Decompressive craniectomy is commonly performed to relieve elevated intracranial
pressure caused by trauma, stroke, hemorrhage, or edema [1-9]. Cranioplasty is often
subsequently performed to restore cranial cosmesis, provide cerebral protection, and
facilitate neurological rehabilitation [10, 11]. Cranioplasty itself has been shown to
provide neurological improvement and the question of how long to wait before cra-
nioplasty has received considerable attention [12—18]. Most surgeons wait for recov-
ery from the initial indication for decompressive craniectomy with resolution of
edema and inflammation, but often these patients can be lost to follow up for months
to years [19]. Recent studies indicate that earlier cranioplasty may improve neurologic
recovery and avoid certain complications [12, 15, 18, 19]. This chapter will use find-
ings from two published meta-analyses on the association between the timing of cra-
nioplasty on neurological improvement and complication rate to evaluate the current
level of evidence and provide clinical and research recommendations [12, 18].

Method

For both studies, a systematic literature review was conducted in accordance to
Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA)
guidelines [20]. The search strategy was designed in accordance to Peer Review
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of Electronic Search Strategies (PRESS) criteria [21]. The search string was for
the keywords “cranioplasty, early” or “cranioplasty, timing” in the title, abstract,
or keyword list. The search was conducted in PubMed/MEDLINE, Scopus, and
the Cochrane databases for original clinical studies published between January
1990 and April 2016. The references of literature reviews, meta-analyses, and
included studies were also reviewed for further articles for inclusion. The quality
of included individual articles were assessed using the Oxford Center for Evidence
Based Medicine (OCEBM) guidelines [22]. The quality of evidence and resulting
strength of recommendations were assessed using the Grading of Recommendations
Assessment, Development, and Evaluation (GRADE) guidelines [23].

Data Analysis

Complete details of the data analysis is reported in the relevant prior publications by
this research group [12, 18]. Data were analyzed using Review Manager 5.3.5 (The
Cochrane Collaboration, London, United Kingdom).

Neurological Outcome

For the neurological improvement outcome analysis, all but one study dichotomized
patients into “early” and “late” cohorts based on time interval between craniectomy
and cranioplasty most often using a threshold at or near 90 days. We followed this
convention in our analysis: “early” cranioplasty was defined as less-than-or-equal-
to 90 days after craniectomy, “late” was defined as beyond 90 days. For studies that
did not provide raw data or used a different time-point than 90 days, the study’s
reported definition was accepted.

The standard mean difference (SMD) was used to normalize neurological mea-
sures to allow for comparison across different outcome scales. Change in pre- and
postcranioplasty scores was compared between early and late groups to evaluate the
difference in magnitude of neurological change over the follow-up period. The dif-
ference in means and standard deviation of the difference between sample means
was used for this calculation.

The pre-cranioplasty neurological status of early and late cranioplasty groups
was then compared to determine preoperative similarity between both groups.
Finally, raw postcranioplasty neurological scores were compared to evaluate differ-
ence in final outcome. The reported mean and standard deviation from each study
was used for these calculations.

Complications

For the complications analysis, complications were first grouped by specific type
(e.g. overall complications, infection, seizure, etc.) and analysis was done compar-
ing trauma and mixed populations. If overall complications were not reported in a
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study, individual complications were summed. Complications were then grouped by
“early” and “late” cranioplasty time-points. “Early” cranioplasty was defined as less
than or equal to 90 days after craniectomy. The 90-day time-point was chosen for
several reasons: (1) in the authors’ experience, cranioplasty procedures often occur
around 90 days after initial craniectomy; (2) several studies utilized the median time
to cranioplasty in their data as a cutoff for defining early/late time-points, which was
around 90 days; (3) grouping around 90 days allowed for inclusion of more studies
in the pooled analysis. Studies that provided raw timing data were dichotomized at
this time-point for analysis. For studies that did not provide raw data or used a dif-
ferent time-point than 90 days, the study’s reported definition was accepted, and the
results were pooled in the overall analyses.

Results

The search, screening, and selection of articles for inclusion for both neurological
outcomes and complications analyses are presented in the PRISMA flow diagram
(Fig. 3.1). A total of 313 and 323 non-duplicate studies were screened from a search
on comparisons between early and late cranioplasty in our previous analyses on
neurological outcomes and the complications, respectively. No studies were identi-
fied for inclusion that were published prior to 2000. Detailed reasons for article
exclusion is reported in our previous studies.

For the neurological outcomes analysis (Fig. 3.1a), 24 articles were identified
from bibliographic review and 16 articles were excluded after full-text review. Five
authors were able to provide data not included in the original publication that
allowed inclusion in this analysis [24-27]. Eight studies were included in the neu-
rological outcomes analysis.

The final eight included studies for the neurological outcomes analysis represent
551 cranioplasty procedures (248 early, 303 late). Table 3.1 lists individual study
characteristics. All studies were either retrospective cohort studies or case series and
met criteria for OCEBM Level 4 evidence. Indications for initial craniectomy
included trauma (78% of patients), ischemic stroke (9.4%), subarachnoid hemor-
rhage (4.9%), unspecified intracerebral hemorrhage (4.7%), and infection (1.5%)
among other less common indications. Four studies included only trauma patients
[26, 28, 29, 31]. One study dichotomized early and late cranioplasty at 42 days and
did not report data to allow regrouping around 90 days [28]. All other studies were
dichotomized within 1 week of the 90-day threshold.

For the complications analyses (Fig. 3.1b), 58 articles were identified from bib-
liographic review and 33 articles were excluded after full-text review. Two articles
were not in English but were included because they appeared in a previous meta-
analysis on cranioplasty [15, 32, 33]. Twenty-five studies were included in the com-
plications analysis.

The final twenty-five studies that met inclusion criteria for the complications
analysis represented 3126 cranioplasty procedures (1421 early, 1705 late).
Table 3.2 lists individual study characteristics. All were retrospective cohort
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Scopus PubMed Cochrane bibliographies
(n =293) (n=157) (n=1) (n=2)
Non-duplicate Records screened Records excluded
(n=313) (n=289)
Full-text articles assessed Full-text articles
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(n=24) (n=16)
Studies included
in meta-analysis
(n=8)
b Complications Outcomes
Scopus PubMed Cochrane bibliographies
(n=293) (n=157) (n=1) (n=12)

Non-duplicate Records screened
(n=321)

Records excluded
(n =263)

Full-text articles assessed
for eligibility
(n=58)

Studies included
in meta-analysis
(n=25)

Full-text articles
excluded
(n=33)

Fig.3.1 (a) PRISMA flow diagram for neurological improvement outcomes analysis. (b) PRISMA
flow diagram for complications outcomes analysis
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Table 3.1 Characteristics of included studies reporting neurological outcomes related to cranio-
plasty timing

Early | Number of
Level of Cp procedures

Reference | Type evidence | Quality Indication for DC | Location | (days) | Early | Late
Bender Cohort |4 7 ICH, ischemic Bifrontal, | 86 75 72
et al. [24] stroke, SAH, SDH, | unilateral

TBI
Cho and Cohort |4 5 TBI NR 42 15 21
Park [28]
Cong Cohort |4 5 TBI Unilateral |90? 22 55
et al. [29]
Honeybul | Case 4 7 ICH, infection, Bifrontal, |90 20 28
etal. [27] | series ischemic stroke, unilateral

SAH, TBI, tumor
Huang Case 4 6 TBI Bifrontal, |90 76 29
etal. [26] | series bilateral,

unilateral

Kuo et al. | Case 4 7 ICH, ischemic NR 90 7 6
[30] series stroke, TBI
Paredes Cohort |4 7 AVM, ICH, Bifrontal, |85 10 45
et al. [25] infection, ischemic | unilateral

stroke, SAH,

reabsorption, TBI
Zhang Cohort |4 7 TBI Unilateral |90 23 47
etal. [31]
Totals 248 | 303

551

AVM arteriovenous malformation, CP cranioplasty, DC decompressive craniectomy, /CH intrace-
rebral hemorrhage, NR not reported, SAH subarachnoid hemorrhage, SDH subdural hematoma,
TBI traumatic brain injury

aArticle reports individual case data or data at various time intervals. Patients were divided at a
90-day cutoff

studies with non-matched cohorts, with an OCEBM Level 4 evidence. Indications
for initial craniectomy included arteriovenous malformations, ischemic or hemor-
rhagic stroke, infection, ruptured aneurysm, trauma, or tumors. Six of twenty-five
studies dichotomized early and late cranioplasty at a time-point other than
90 = 10 days (range 42—120 days), and the reported data did not allow for regroup-
ing around 90 days [13, 14, 28, 42, 43, 49]. Six studies included only trauma
patients [13, 28, 31, 36, 38, 46].

Neurological Outcome Measures

Multiple neurological assessment tools were used across included studies
(Table 3.1). Four studies reported more than 1 assessment to evaluate neurological
outcome [24, 28, 30, 31]. For pooled analysis, the “primary” measure was desig-
nated as whichever measure the study focused on; for all 4 studies this was Barthel
Index (BI). The timing of neurological assessment evaluation varied among studies.
Three studies did not provide pre-cranioplasty assessments. The remaining studies
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performed assessments within 1 week preceding cranioplasty. Postcranioplasty
assessments ranged from 72 h to over 6 months after the procedure [24, 26, 27, 31].
The following neurological measures were reported in the included studies. The
Glasgow Coma Score (GCS) is an assessment of mental status typically used in
acute trauma management. The Glasgow Outcome Score (GOS) categorizes cogni-
tive disability following head injury, ranging from 1 (death) to 5 (resumption of
normal life). The Karnofsky Performance Scale (KPS) was originally designed to
assess the functional status of patients with cancer to determine if they could endure
chemotherapy treatment. It ranges from 0 to 100, with values over 70 indicating
relative functional independence in carrying out normal activities of daily living
(ADLs) [50]. The BI is a more granular assessment of a patient’s ability to perform
each of 10 ADLs. It ranges from 0 to 100, with higher scores indicating higher func-
tional independence [51-53]. The Function Independence Measure (FIM) evaluates
disability in spinal cord injury, assessing both motor and cognitive performance. It
ranges from 0 to 126, with higher scores indicating more independence [54, 55].

Change in Pre- and Postcranioplasty Neurological Status

Regardless of timing, improvement in neurological outcome was observed after cra-
nioplasty [24, 25, 27, 29-31]. Pooling the results across studies, using only the
primary measure (BI) for the two studies with multiple measures, showed cranio-
plasty at any time being significantly associated with improvements in neurological
outcome (SMD 0.56; CI 0.11-1.01; calculation not shown in Figures).
Pre-cranioplasty, there was no significant difference in baseline neurological
score between early cranioplasty and late cranioplasty groups in the 7 studies report-
ing pre- and post-cranioplasty scores, except for the study reporting KPS [24, 25,
27-31]. The KPS study by Cong et al., had lower baseline neurological score pre-
cranioplasty in the early cranioplasty group compared to the late cranioplasty group
(SMD -0.46; CI: —0.96-0.04). On all individual neurological outcome measures in
those 7 studies, early cranioplasty was favored over late cranioplasty for greater
neurological improvement from pre- to post-cranioplasty but was only statistically
significant in the Karnofsky Performance Status measure (SMD: 7.22; CI: 5.95—
8.49) (Table 3.3, Fig. 3.2). There was significant heterogeneity across outcomes

Table 3.3 Summary of findings of effect of early versus late cranioplasty after decompressive
craniectomy on neurological improvement

Number of patients

No. of |Early Late Relative effect  GRADE certainty
Outcome studies | cranioplasty | cranioplasty | (95% CI) of the evidence
Barthel index 4 115 170 SMD 2.51 Very low due to

(—0.76-5.78) | inconsistency

Karnofsky 1 22 55 SMD 7.22 Low
performance status (5.95-8.49)
Functional 2 95 100 SMD 2.77 Very low due to
independence (—2.14-7.68) | inconsistency
measure
Glasgow coma 1 7 6 SMD 1.20 Very low due to
scale (—0.02-2.42) | small sample size
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(I>=93.5%). Pooling the results across studies, using only the primary measure (BI)
for the two studies with multiple measures, revealed early cranioplasty being asso-
ciated with significant improvements in neurological outcome (SMD 2.90; CI 0.46—
5.34; calculation not shown in Fig. 3.2).

Complications

Complications from cranioplasty after decompressive craniectomy reported in the
literature included infections (18 studies), complications requiring reoperation (11
studies), intracranial hemorrhage (6 studies), extra-axial fluid collections (5 stud-
ies), hydrocephalus (6 studies), seizures (4 studies), and bone resorption (3 studies)
(Tables 3.2 and 3.4).

There was no significant difference in the odds of overall complications between
the early cranioplasty group and the late cranioplasty group looking at the trauma
group (OR 0.74, 95% CI 0.30-1.83) or the mixed group (OR 1.24, 95% CI 0.92—
1.66) (Fig. 3.3). There was also no significant difference when specifically looking
at infection (Trauma: OR 0.46, C1 0.17-1.23; Mixed: OR 1.38, C1 0.96-1.99), reop-
eration (Trauma: OR 0.52, CI1 0.18-1.47; Mixed: OR 0.82, CI 0.57-1.18), intracra-
nial hemorrhage (Trauma: OR 3.12, C10.32-30.66; Mixed: OR 0.64, C1 0.33-1.23),
seizures (Trauma: OR 0.67, CI 0.07-6.79; Mixed: OR 1.02, CI 0.50-2.11), or
resorption (Trauma: OR 0.78, CI 0.35-1.79; Mixed: OR 1.23, CI 0.36-4.24). There
was a significantly lower odds of developing a non-hemorrhagic extra-axial fluid
collection with early cranioplasty in the trauma group (OR 0.24, CI 0.07-0.88) but
not in the mixed group (OR 1.56, CI 0.69-3.53). The odds of developing hydro-
cephalus was significantly higher with early cranioplasty in both the trauma group
(OR 4.99, CI 1.00-24.88) and the mixed group (OR 2.03, CI 1.01-4.07).

Level of Evidence

Neurological Outcome
All studies included in assessing neurological outcome as a function of cranioplasty
timing were observational in design. To date, there are no randomized control trials
related to this that are found in the literature and therefore the quality of evidence is
low by GRADE standards. As these are all observational and retrospective, it is
highly likely that those who were selected for an earlier versus later cranioplasty
had significantly different clinical characteristics beyond the commonly controlled
factors (e.g. age, gender) that may have led to the surgeons to perform the cranio-
plasty at a preferred time. These characteristics were likely to be more favorable,
such as earlier resolution of swelling, in the early cranioplasty group. This would
decrease the strength of any conclusions that can be made about the timing.

There were 4 different measures of neurological outcome across the 8 studies.
We therefore had to look at these measures as different outcomes with consideration
to overall trends. The level of evidence was further decreased to “very low” for the
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Table 3.4 Summary of findings for effect of early versus late cranioplasty after decompressive
craniectomy on complication rate by indication

Number of patients
Relative
No. of |Early Late effect GRADE certainty of
Complication | studies | Cranioplasty |Cranioplasty |(95% CI) the evidence
Complications, any
Trauma 6 191 234 OR 0.74 Very low due to
subgroup (0.30-1.83) | inconsistency
Mixed 19 1230 1471 OR 1.24 Low
subgroup (0.92-1.66)
Infection
Trauma 2 108 94 OR 0.46 Low
subgroup (0.17-1.23)
Mixed 12 895 924 OR 1.38 Low
subgroup (0.96-1.99)
Reoperation
Trauma 1 78 79 OR 0.52 Low
subgroup (0.18-1.47)
Mixed 9 592 696 OR 0.82 Low
subgroup (0.57-1.18)
Intracranial hemorrhage
Trauma 1 78 79 OR 3.12 Low
subgroup (0.32—
30.66)
Mixed 5 358 569 OR 0.64 Low
subgroup (0.33-1.23)
Non-hemorrhagic extra-axial fluid collection
Trauma 3 70 54 OR 0.24 Low
subgroup (0.07-0.88)
Mixed 2 77 309 OR 1.56 Low
subgroup (0.69-3.53)
Hydrocephalus
Trauma 2 93 100 OR 4.99 Low
subgroup (1.00-
24.88)
Mixed 4 304 343 OR 2.03 Low
subgroup (1.01-4.07)
Seizures
Trauma 1 23 47 OR 0.67 Low
subgroup (0.07-6.79)
Mixed 3 267 306 OR 1.02 Low
subgroup (0.50-2.11)
Resorption
Trauma 1 78 79 OR 0.78 Low
subgroup (0.35-1.79)
Mixed 2 158 103 OR 1.23 Low
subgroup (0.36-4.24)
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Early Late Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.1.1 Trauma
Chun 2011 2 30 8 15 21% 0.06 [0.01, 0.36]
Song 2014 2 25 3 18 1.9% 0.43[0.06, 2.92] i
Zhang 2010 3 23 9 47 3.0% 0.63[0.15, 2.61] .
Piedra 2014 27 78 28 79 66% 0.96 [0.50, 1.86] i
Cho 2011 3 15 3 21 21% 1.50 [0.26, 8.71] —_—
Chaturvedi 2015 9 20 12 54 42% 2.86 [0.96, 8.52] —
Subtotal (95% Cl) 191 234 19.9% 0.74 [0.30, 1.83] -
Total events 46 63
Heterogeneity: Tau? = 0.78; Chi? = 14.42, df = 5 (P = 0.01); I> = 65%
Test for overall effect: Z = 0.65 (P = 0.51)
1.1.2 Mixed
Chang 2010 8 89 25 119 54% 0.37[0.16, 0.87] —_—
Gooch 2009 9 31 12 31 43% 0.65[0.22, 1.87] —_—
Tsang 2015 4 60 9 102  36% 0.74[0.22, 2.51] —_—T
Yang 2013 5 62 7 68 37% 0.76 [0.23, 2.55] s
Hng 2015 32 121 20 66 6.6% 0.83[0.43, 1.60] —
Archavlis 2012 15 147 6 53  46% 0.89 [0.33, 2.43] —T
Piitulainen 2015 4 21 15 79 36% 1.00 [0.29, 3.42] —_—
Mukherjee 2014 8 29 38 145  51% 1.07 [0.44, 2.62] —
Walcott 2013 19 71 38 168  6.8% 1.25[0.66, 2.37] -T—
Kim 2001 8 76 3 35 3.0% 1.25[0.31, 5.05]  —
Cheng 2008 5 41 4 43 3.0% 1.35[0.34, 5.44] — T
Kim 2014 12 23 36 83 5.0% 1.42[0.56, 3.60] —_1
Piedra 2013 8 37 6 37 38% 1.43[0.44, 4.61] —_—t
Bender 2013 32 75 23 72 65% 1.59[0.81, 3.11] —
Schuss 2012 14 54 32 226  62% 2.12[1.04, 4.33] —
Nagayama 2002 8 181 0 25 09% 2.50 [0.14, 44.61] —_—
Im 2012 12 84 2 47 26% 3.75[0.80, 17.54] b
Rosseto 2015 8 18 3 27 27% 6.40 [1.40, 29.21]
Paredes 2015 5 10 5 45  26% 8.00 [1.70, 37.67] _—
Subtotal (95% Cl) 1230 1471 80.1% 1.24[0.92, 1.66] »
Total events 216 284
Heterogeneity: Tau? = 0.14; Chi® = 27.60, df = 18 (P = 0.07); I = 35%
Test for overall effect: Z = 1.41 (P = 0.16)
Total (95% Cl) 1421 1705 100.0% 1.15[0.86, 1.54] »>
Total events 262 347
Heterogeneity: Tau? = 0.22; Chi? = 43.11, df = 24 (P = 0.010); I? = 44% k + + 1
Test for overall effect: Z = 0.95 (P = 0.34) 0.01 0.1 1 10 100
Test for sub group differences: Chi? = 1.11 df = 1 P = 0.29), I> = 9.9% Favors early Favors late

Fig. 3.3 Forest plot of studies reporting overall complications with early or late cranioplasty
stratified by population type (trauma versus mixed). The blue square data markers indicate odds
ratios (ORs) from primary studies, with sizes reflecting the statistical weight of the study using
random-effects meta-analysis. The horizontal lines indicate 95% confidence intervals (CIs). The
diamond data markers represent the subtotal and overall OR and 95% ClIs. The vertical solid line
indicates the line of no effect (OR 1). Results indicate no difference in odds of overall complica-
tions with early cranioplasty. Reprinted with permission [18]

BI and FIM outcomes due to very high heterogeneity among their included studies.
The KPS and GCS outcomes only had 1 study each. The GCS outcome was based
on a small sample of 13 patients and therefore also was graded “very low” due to
imprecision.

Complications

The studies in the assessment of complication outcomes were similarly all retro-
spective and observational. Also similarly, we do not know if the patients who
received early cranioplasty had significant characteristics that were different from
the late cranioplasty group. To separate the effect of the initial indication for decom-
pressive craniectomy on complication rate, the analysis and evidence was compiled
separately for traumatic and mixed indications.
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All outcomes had low quality of evidence by GRADE standards due to being
only observational studies. The overall complication outcome in the trauma group
was further rated down to very low due to inconsistency as measured by I? for het-
erogeneity between studies.

Patient Preferences

Considering the effect of earlier versus later cranioplasty timing after decompres-
sive craniectomy on both neurological outcome and complications, there is insuffi-
cient evidence to strongly recommend one approach routinely over the other. The
risks and benefits comparing early versus late cranioplasty is presented in Table 3.5.

Cranioplasty after decompressive craniectomy is associated with neurological
improvement regardless of timing, with a potentially better outcome with early cra-
nioplasty based on limited evidence.

There are risks to undergoing cranioplasty regardless of timing. These including
hemorrhage (bleeding), infection, bone resorption, hydrocephalus, non-hemorrhagic
extra-axial fluid collection, and seizures. There is limited evidence which suggests
that the probability of certain complications differs by timing, with earlier cranio-
plasty being associated with increased risk of hydrocephalus and later cranioplasty
being associated with increased risk of extra-axial fluid collection if there was a
traumatic cause for the initial craniectomy.

Discussion

There has been no consensus on the ideal timing for cranioplasty after decompres-
sive craniectomy. Several factors contribute to the desired interval before cranio-
plasty. These include the optimal timing to derive the most neurological improvement
and the greatest reduction in complications.

After decompressive craniectomy has been performed to relieve the acute prob-
lem of elevated intracranial pressure, there are biological changes that can arise
from altered cerebral hemo- and hydrodynamics. These changes specifically include

Table 3.5 Summary of risks and benefits comparison to guide patient preferences

Early cranioplasty after Late cranioplasty after decompressive
decompressive craniectomy craniectomy
Benefits Neurological improvement

Potentially better neurological
outcome than later cranioplasty

Risks Bleeding, infection, bone resorption, hydrocephalus, extra-axial
fluid collection, seizures
Possible increased risk of Possible increased risk of extra-axial fluid
hydrocephalus compared to collection compared to earlier cranioplasty if

later cranioplasty craniectomy was for a traumatic indication
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altered cerebrospinal fluid dynamics which can lead to hydrocephalus and pseudo-
meningoceles, increased perfusion in response to inflammation, and hypoperfusion
in the long term [56-58]. Beyond providing better cosmesis through subsequent
cranioplasty, it also likely helps by reducing the level of these changes or restoring
the dynamics to a state closer to the pre-injury state [30, 59-62]. Though not the
focus of this chapter, this is likely the reason why cranioplasty, regardless of timing,
is associated with neurological improvement [63-65].

Neurological Outcome

Neurological improvement was measured by different measures in the reviewed
studies. There is no commonly accepted measure for assessing neurological
improvement after cranioplasty, though BI was the most common measure in our
review. BI and FIM addresses both cognitive and motor performance. GCS also
addresses cognitive function, but is likely too simple and not as sensitive to small
improvements such as BI. Due to the differences in measures and the different indi-
cations for decompressive craniectomies, there was very high heterogeneity in the
analysis of neurological improvement even with reporting of standard mean
difference.

Early cranioplasty is likely to provide better neurological improvement outcomes
based on the most recent studies. All included studies, except for 2, had similar
neurological scores pre-cranioplasty between early and late cranioplasty groups
[25, 31]. The improvement post cranioplasty was greatest in the study using the
KPS measure with a SMD of 7.22 (CI 5.95-8.49) [29]. When pooling all neurologi-
cal measures for overall improvement, there was still statistically significant
improvement in the early cranioplasty group over the late cranioplasty group (SMD
2.90; CI 0.46-5.34) even though the separate subgroups measuring BI, FIM, and
GCS were trending toward, but not significantly favoring, early cranioplasty. The
large SMD of the KPS study likely contributed to the overall statistical significance.
Additionally, there was a high degree of heterogeneity among subgroups (I* 93.5%)
which suggests that caution must be taken when interpreting these findings.

We did not separate our analyses in the assessment of neurological improvement
by initial indication for decompressive craniectomy. The benefits of early or late
cranioplasty may differ based on this factor and if so, the recommendations will
need to be specific for this. Further studies with separate analysis based on initial
pathology such as trauma, infection, or hemorrhage are therefore warranted.

Complications

Early cranioplasty after decompressive craniectomy is more likely to have associated
hydrocephalus than late cranioplasty. In the trauma subpopulation, later cranioplasty
is more likely to develop associated extra-axial fluid collection than early cranio-
plasty. With the potential benefits of more neurological improvement with early
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cranioplasty, the findings taken together suggest that early cranioplasty is preferred
over late cranioplasty. This would require more expectant management and observa-
tion for hydrocephalus. For trauma populations, the benefit of early cranioplasty may
be greater due to the decreased risk of extra-axial fluid collection as well.

The literature describes a wide range of complication rates, partly due to the
types of complications reported. From our review, the overall complication rate
after cranioplasty is 19.5%. The pooled rate of infection was 8.1% with no signifi-
cant difference in odds of infection between early and late cranioplasty in the trauma
and mixed groups. The study by Rosseto et al. found a significant increased odds of
infection with early cranioplasty but also found other factors that may play role
which includes having the cranioplasty in the same hospitalization as the decom-
pressive craniectomy, having a recent systemic infection before cranioplasty, neuro-
logical deficits as evaluated by a low GCS or motor deficits, and lower levels of
hemoglobin [45].

Reoperations, not including placement of a ventriculoperitoneal shunt for hydro-
cephalus, were a common complication at 12.9% but there was no significant differ-
ence in odds between early and late cranioplasty in the trauma or mixed groups.
Though the odds of reoperation appeared to favor early cranioplasty (OR 7.8, CI
0.55-1.10), this may have been due to bias in selecting patients who have less severe
pathology for earlier cranioplasty.

We found a 4.6% rate of intracranial hemorrhage with no difference between
early or late cranioplasty in the trauma and mixed groups. A previous study by
Zanaty et al. found that other factors such as gender (male), race (African
American), and hypertension are associated with an increased risk for intracranial
hemorrhage [66].

We found a 13.9% rate of non-hemorrhagic extra axial fluid collections. This was
largely due to high percentage of this complication in both early and late cranio-
plasty reported in Kim et al. study [42]. In the mixed group, which included the
study by Kim et al. there was no significant difference between early and late cra-
nioplasty. There was a significantly lower odds of extra-axial fluid collection with
early cranioplasty in the trauma group. It may be postulated that in an early cranio-
plasty, the space between the cranioplasty flap and the brain is less but increased
when edema further decreases at later time points.

There was an overall 6.0% rate of hydrocephalus. The odds of hydrocephalus
with early cranioplasty were increased in both the trauma group (OR 4.99, CI 1.00—
24.88) and the mixed group (OR 2.03, CI 1.01-4.07). The evidence suggests that
patients with existing hydrocephalus should be considered at an increased risk for
hydrocephalus but interestingly delaying cranioplasty in this subgroup can also
increase the risk of persistent hydrocephalus [67]. The cause of the hydrocephalus
is therefore not easily attributed to initial insult, decompressive craniectomy, or sub-
sequent cranioplasty. If there is no pre-existing hydrocephalus, there might be a
benefit to delaying cranioplasty due to the increased odds with early cranioplasty in
trauma and mixed groups.
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We found a 6.1% rate of seizures after cranioplasty with no difference between
early or late cranioplasty in the trauma and mixed groups.

The overall rate of bone resorption was 10.8% with no difference in odds by
timing in either the trauma or mixed groups. There are literature reporting
higher rates of resorption in the pediatric population [68, 69]. We do not know if
younger age in the adult population is associated with increased rate of resorp-
tion as well and if age has an interaction with timing for cranioplasty. There is
evidence that the presence of a ventriculoperitoneal shunt is associated with
increased resorption [17].

Limitations

The definition of early and late for cranioplasty is most frequently whether before
or after 90 days. This is an artificial date but commonly used in studies and so is
what is most reflected in our results. There may be more significant differences in
neurological benefits or complication rates that are more noticeable at different time
cut-offs. In the complication rate analysis, five studies used different time points for
early and late other than before or after 90 days [14, 28, 42, 43, 49]. Therefore the
time point at which the benefits and risks begin to be significantly different may be
different that the conventional 90 days or may not follow a simple early/late classi-
fication. Regardless, the existing studies provide some direction to surgeons when
deciding between several factors on when is the ideal time to perform the
cranioplasty.

The research findings on cranioplasty timing both on neurological improve-
ment and rate of complications are limited by the low quality of evidence. We
are therefore unable to make strong recommendations, but due to the lack of
contrary evidence, the findings may be useful to surgeons and patients. Perhaps
the most significant limitation is the absence of any randomized controlled trials
in the review. All studies identified were retrospective observational studies.
Without randomization, we are unable to control for selection bias which was
highly likely. Patients selected for early cranioplasty may have had less severe
injury or earlier resolution of pathology that were clinically important but not
accounted for in the analysis, e.g. degree of swelling on imaging, trauma versus
ischemic stroke versus hemorrhage. In assessing neurological outcomes, unlike
complications, it is possible to perform pre- and post-procedure assessments
using the same neurological function measure. While there was no overall dif-
ference, two studies had different baseline neurological function between
groups, with the late cranioplasty group having better scores at baseline in the
Paredes et al. study whereas the early cranioplasty group had better baseline
scores in the Zhang et al. study [25, 31]. Therefore, in addition to other clinical
indicators, there might have been neurological function differences at baseline
between the early and late cranioplasty groups. Only randomized studies with
consistent measurement timing and long term follow-up can answer these
questions.
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Even though all neurological outcome studies tended towards favoring early cra-
nioplasty, the high degree of heterogeneity among subgroups of separate neurologi-
cal outcome measures and in the pooled analysis is another limitation. The studied
population also had variation in type of injury as the evidence for neurological
improvement is not separated by initial indication for decompressive craniectomy
(e.g. trauma versus stroke versus hemorrhage). The pooled analysis is a combina-
tion of four different measures with different sensitivities and specificities for neu-
rological improvement. The evidence base will be strengthened if the studies used
more comprehensive measures as BI or FIM and separate analyses based on initial
indication for decompressive craniectomy. Studies using GCS and GOS appear too
coarse.

Conclusion

Within the limited evidence, we suspect that early cranioplasty (within 90 days)
after decompressive craniectomy is a safe option. Though surgeons should be aware
of a potentially greater risk for hydrocephalus, it is likely to provide better neuro-
logical improvements. Taking the results from the analyses together, this would
make early cranioplasty the preferred option over later cranioplasty.

Box Summary

1. What is known?
Cranioplasty after decompressive craniectomy is associated with neuro-
logical improvement regardless of timing. There are several complications
associated with cranioplasty after decompressive craniectomy which
include hemorrhage, infection, reoperation, hydrocephalus, extra-axial
fluid collection, bone resorption, and seizures.

2. What is new?
Early cranioplasty (within 90 days) after decompressive craniectomy may
provide more neurological improvement but may increase the risk of
hydrocephalus compared to later cranioplasty. In the trauma population,
early cranioplasty may be associated with decreased risk of non-
hemorrhagic extra-axial fluid collection.

3. What are the consequences for clinical practice?
Further research with prospective clinical trials are recommended for bet-
ter quality evidence on the timing of cranioplasty after decompressive cra-
niectomy on neurological improvement and complication rate. Pending
ongoing and future research, surgeons should consider early cranioplasty
(within 90 days) as potentially preferable to later cranioplasty for better
neurological improvement with anticipatory management of increased risk
of hydrocephalus.
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Age: A Criterion to Offer Surgical
Treatment as a Cytoreductive Tool
for Malignant Primary Brain Tumour?

Joseph H. McAbee, Aida K. Golahmadi, and Colin Watts

Introduction

Glioblastoma (GB), the most common and malignant form of brain cancer, is a devas-
tating disease that is difficult to treat due to its intratumoral heterogeneity and its abil-
ity to undergo clonal evolution when confronted with therapeutic selection pressures
[1-4]. While glioblastoma can afflict people of all ages, it is most often diagnosed in
the fifth or sixth decade of life or later, namely the elderly population [5].

Elderly Definition

There is not a standard minimum age for classifying a person as “elderly” in use
among all practicing geriatricians because individual patients possess varying levels
of fitness and comorbidities. Defining strict age cutoffs is not always feasible.
However, for the purposes of this chapter and to collect information related to older
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Glioblastoma Incidence Rates by Age, 2011-2015
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Fig.4.1 Incidence rates for glioblastoma by age at diagnosis, CBTRUS Statistical Report: NPCR
and SEER, 2011-2015. Incidence rates are per 100,000 and age-adjusted to the 2000 US standard
population. The average annual age-adjusted incidence rate across all age groups was 3.21 (4.00
and 2.53 for males and females, respectively). [6]

adults with glioblastoma, we have defined “elderly” to be the population of patients
65 years of age or older. It is important to note that over half of newly diagnosed GB
patients are 65 years of age or older and the incidence rate is increasing due to the
aging population (Fig. 4.1) [6].

Standard of Care

In the general adult population, GB is treated with maximum safe surgical resection,
radiotherapy, and concomitant and adjuvant Temozolomide. Despite this multimodal,
radical treatment option, the median overall survival is still only about 15 months [7,
8]. Adding to this dismal prognosis is the inability of some patients to complete a full
treatment course due to postoperative complications, radiotherapy-induced cerebral
necrosis, chemotherapy side effects such as myelotoxicity, or rapid neurocognitive
decline. Many medical advances have been designed to improve patient outcomes and
avoid complications, such as intraoperative MRI, 5-ALA fluorescence guided surgical
resection, fractionated and targeted radiotherapy protocols, and targeted chemothera-
peutics. While these advances have been helpful in improving the outcomes for
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certain patients at large medical institutions, the treatment and survival of glioblas-
toma patients, in general, has not changed significantly in the last decade.

Difficulties of Treating Elderly Glioblastoma Patients

Advanced age adds the potential for further difficulties in providing effective treat-
ment regimens. Elderly patients are more likely to have more comorbidities and
lower physiologic reserves at baseline which can lead to postoperative complica-
tions, longer recovery time, and increased risk of therapy-induced side effects [9—
11]. Because of these risks, elderly patients are not always treated optimally and are
often excluded from clinical trials despite the fact that they make up such a large
proportion of GB cases. Due to these discrepancies, the proper treatment regimen
for elderly GB patients remains unclear. One of the first and most difficult consider-
ations for elderly patients seems to be whether or not to offer surgical resection.
While some studies are beginning to point toward a survival benefit following surgi-
cal resection for elderly GB patients, a consensus has still not been reached. The
purpose of this study is to examine the evidence for or against offering cytoreduc-
tive surgery for GB patients on the basis of age.

Methods
Search Strategy and Selection Criteria

We performed a systematic review to identify articles published in English from
January 2000 that reported human survival and outcome data for elderly GB patients
who underwent surgery. Potential articles were identified by literature searches of
Ovid utilizing the following search terms: glioblastoma, HGG, high grade glioma,
malignant glioma, malignant brain tumor, resection, surgery, surgical, biopsy,
elderly, advanced age, old, survival, management, outcome, and performance sta-
tus. Articles were chosen for full text review if the title and abstract suggested the
desired topic, involved the appropriate intervention, included the correct popula-
tion, and contained survival data. Elderly was defined as 65 years of age or older.
The literature search was performed according to the PRESS [12] criteria and the
level of evidence assessed according to the GRADE [13, 14] criteria.

Data Extraction and Analysis

The articles selected for inclusion were further reviewed to extract relevant study
data and outcomes such as age, number of patients, extent of resection, overall and
progression free survival, performance status, and baseline comorbidities. Summary
of findings table and associated analyses were generated with the use of gdt.
gradepro.org.


http://gdt.gradepro.org
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Results
Included Studies

Our literature search provided 568 possible studies. After screening titles and
abstracts for duplicates and articles with incorrect populations, interventions, or
topics, 459 articles were excluded. The remaining articles were reviewed as full text
to determine their eligibility. Ultimately, 59 articles met our criteria (Fig. 4.2). For
a full list of articles used, please see Supplementary Table 1 [15, 16, 18, 19, 36-90].
The studies yielded 49,074 patients and were of varying levels of evidence, with
retrospective, observational studies being the most common.

Outcomes Based on Extent of Resection

The summary of findings table is displayed in Table 4.1. An elderly patient under-
going surgical resection is more likely to experience longer overall and progres-
sion free survival than elderly patients who receive either a biopsy or no surgical
intervention. In addition, gross total resection has a survival benefit when com-
pared to subtotal resection (Table 4.2). While mortality and morbidity rates were
not as consistently recorded between treatment groups, it seems that morbidity
and mortality rates were similar between resection and biopsy patients. This sug-
gests that elderly patients are able to tolerate these procedures, especially when

Fig.4.2 Flow diagram of
search and selection
process

568 potential articles

Articles excluded after title and
abstract review:

— Irrelevant intervention (151)
— Irrelevant population (116)

— Irrelevant topic/tumor (170)
— Case Study/Editorial (19)

— Duplicate (3)

109 articles for full-text review

Articles excluded after

full review:

— Review articles with
insufficient/duplicated data
(26)

— Selected outcomes not
included in article (14)

— Other (10)

59 articles for study inclusion
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Table 4.2 Gross total resection compared to subtotal resection for glioblastoma in the elderly

Anticipated absolute effects’

(95% CI)

Risk with

subtotal Risk with gross | Relative effect | No. of participants
Outcomes resection total resection (95% CI) (studies)
Overall survival |97 per 100 3 per 100 3-4) | RR0.027 34,843 (24
<9 months (0.0249- observation studies)

0.0292)

Table 4.3 Factors associated with survival in elderly HGG patients

Factors associated with increased survival Factors associated with decreased survival
Higher preoperative KPS?, triple modality Lower preoperative KPS?, older age*®,
therapy®, radiotherapy”, younger age*, comorbidities (specific and generally),
chemoradiotherapy, chemotherapy, reoperation, | increased frailty, no adjuvant therapy, higher
MGMT promoter methylation tumor grade, tumor infiltration, MMSE < 25

“Mentioned in at least 5 studies
At least 5 studies mentioned that older age was not associated with survival

presenting with a higher performance status and lower comorbidity profile. In
addition to extent of resection, Table 4.3 displays several factors found to be asso-
ciated with survival for elderly GB patients. Significant among these factors are
preoperative Karnofsky Performance Status, presence of adjuvant therapy, and
age; although older age was found in at least 5 studies not to be associated with
survival.

Operative Risks and Benefits

When counseling elderly patients on their treatment options, the decision to undergo
surgery or not should be the first discussion. Table 4.4 provides a brief overview of
extent of surgical resection and the associated risks and benefits of each type.
Whenever possible, elderly patients should also be counseled to consider enrolling
in available clinical trials related to surgical advancements and local, implantable/
injectable treatments.

Discussion

Glioblastoma is an incredibly difficult disease to treat even in the best of medical
circumstances. Adding to this difficulty is the fact that over half of patients are
elderly and thus have larger numbers of baseline comorbidities, greater risk of post-
operative complications, and increased susceptibility to treatment-induced toxici-
ties. Due to these concerns, it is easy to understand why it has been a challenge to
develop an appropriate standard of care for elderly GB patients. However, as this
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Table 4.4 Risks and benefits based on extent of resection

Extent of

resection | Risks Benefits

No No diagnostic material obtained; no No risk of postoperative complications

resection | molecular analysis available for such as infection, stroke, death, or
targeted treatments; no debulking to neurocognitive decline
relieve mass effect so symptomology
may remain same as upon presentation
(or worsen)

Biopsy Potential to collect insufficient amount | Potential to collect tissue for diagnosis
of tumor tissue for diagnosis/molecular | and molecular analysis; Postoperative
analysis; lack of extensive reduction complications less likely than for more
could mean little improvement of extensive interventions
preoperative status; postoperative
complications possible

Subtotal | Typical postoperative complications Tissue collected for diagnosis and

or partial | possible (infection, stroke, death, molecular analysis - treatment can
neurocognitive decline) potentially be tailored; reduction in mass

effect may lead to improved symptoms;
cytoreduction may increase survival and
improve response to adjuvant therapies

Gross Typical postoperative complications Tissue collected for diagnosis and

total possible (infection, stroke, death, molecular analysis - treatment can
neurocognitive decline) potentially be tailored; reduction in mass

effect may lead to improved symptoms;
cytoreduction may increase survival and
improve response to adjuvant therapies

chapter demonstrates, evidence is growing that maximal safe surgical resection is
not only well tolerated by some elderly patients, but is beneficial for increasing
survival in this population, just as it is in younger patients. While most of this evi-
dence is based upon retrospective observational studies, there has been one random-
ized clinical trial which addresses extent of surgical resection for the elderly.
Vuorinen et al. demonstrated that patients randomized into the open craniotomy
group had a 2.757 times higher median survival time (171 days) versus those
assigned to biopsy (85 days) [15]. While the time to deterioration between the two
groups only trended toward significance (105 days for debulking versus 72 days for
biopsy), it did demonstrate at least a modest increase in time of independence, sug-
gesting that debulking can lead to an improved quality of life. A recursive partition-
ing analysis of GB patients aged 70 years or older established extent of resection as
the most important survival predictor as biopsy patients consistently had the short-
est survival [16]. Age was only prognostic among patients who actually received
resection as those under 75.5 years of age had a 9.3 month median survival com-
pared to 6.4 months among those older than 75.5. However, highly functional
patients who only received a biopsy had a median survival of only 4.6 months, dem-
onstrating that surgery eligible patients of all ages would be expected to benefit
from glioma resection.
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A few prospective studies further support the notion of offering surgery to elderly
GB patients. Pirracchi et al. demonstrated low mortality rates one year after surgical
resection of intracranial masses (including meningiomas) and suggested preoperative
Activities of Daily Living scores were a good predictor of functional outcome follow-
ing surgery [17]. Similarly, preoperative Karnofsky Performance Score has been
shown to be an important tool for prognostication and decision making [18]. While
these studies demonstrate that elderly patients, particularly higher functioning
patients, are able to enjoy longer periods of independence and longer delays to dete-
rioration after debulking, it is important to note that Seicean et al. demonstrated that
advanced age also does not increase the odds for poorer short term outcomes [19].
Surgical resection seems to be well tolerated in elderly patients that are deemed fit
enough to undergo surgery. As with younger patients, the more complete the cytore-
ductive resection, the better the anticipated outcome and the more potential for
increased survival with adjuvant therapies. As such, elderly patients should be afforded
the same surgical options as any GB patient: maximal safe resection for mass effect
reduction, symptom improvement, tissue diagnosis, and molecular analysis.

Age alone should not be a criterion for withholding surgical resection from an
elderly GB patient. It is of course prudent to consider each patient from a holistic
perspective. For an elderly GB patient, this would involve considering the risks of any
and all baseline comorbidities, the influence of polypharmacy, the negative impact of
lower physiologic reserves on recovery and susceptibility to toxicity. It is also crucial
to consider preoperative performance scores, quality of life goals, and, ultimately,
patient preferences when developing individualized treatment plans. A comprehen-
sive geriatric assessment or modified geriatric assessment should be completed to
provide a good indication of level of frailty and to suggest probable outcomes [9—-11].
It is also recommended to consult not only with oncologists and palliative care spe-
cialists, but also geriatricians or geriatric oncologists, where available.

Regarding the surgery itself, techniques utilized for younger patients are appro-
priate for elderly patients as the goals of surgery are the same. Advanced preopera-
tive MR imaging, intraoperative navigation and monitoring should be utilized and
intraoperative MRI or 5-ALA fluorescence-guided imaging can be utilized to
improve extent of resection [20, 21]. The neurosurgeon must be very responsive to
potential complications such as intractable bleeding or changes in intraoperative
monitoring, particularly when operating near eloquent brain areas, as older patients
are not as well equipped to make functional recoveries following surgical complica-
tions. While maximal surgical resection is the primary goal, maintenance of quality
of life is paramount in elderly GB surgery and intraoperative surgical decision-
making should be based on both goals. Postoperatively, elderly patients should be
closely monitored for any acute changes in neurological status that may evidence
intracavitary hematoma or elevated intracranial pressure. Such changes may require
imaging, surgical evacuation, or treatment with steroids/mannitol.

In addition to prolonged survival and improved quality of life, another key benefit of
surgical resection in elderly GB patients is the opportunity to collect tumor tissue for
molecular diagnosis and matching with applicable targeted therapies. Some have postu-
lated that distinct molecular or epigenetic differences found in the tumors of elderly
patients may be a contributing factor to poor survival [22, 23]. TP53 and CDKN1a/p16
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alterations have been associated with reduced survival in those over 70 years of age [24].
IDH1 mutations carry a better prognosis, but are rarely found in elderly patients [25].
VGFR/EGFR expression is higher in recurrent GB patients above the age of 55 and
could support the use of antibody therapies against these receptors (ARTE trial) [26].
One of the most helpful tests to date for elderly patients is MGMT promoter methylation
status. Methylation of the MGMT promoter has been observed in 40-60% of elderly
GB and can guide chemotherapeutic use and choice as it predicts favorable response to
temozolomide [27, 28]. As we continue to learn more about the molecular makeup and
evolutionary processes of GB, collection of multiple, spatially distinct tissue samples
will become even more crucial for adequate diagnosis and individualized, targeted treat-
ment planning [4]. Elderly patients should be included in many ongoing and future trials
for targeted therapeutics and immunotherapies.

Role of Chemoradiotherapy

In younger GB patients, the standard of care after surgical resection is targeted radio-
therapy (60 Gy-30 fractions of 2 Gy) plus concomitant and adjuvant (6 cycles) temo-
zolomide. Many studies concerning adjuvant treatment in the elderly are focused on
single modality therapy in an effort to minimize side effects or due to increased toxic-
ity concerns [29-31]. Several studies have demonstrated that elderly patients with
good performance status can tolerate and benefit from combination therapy [32, 33].
In particular, hypofractionated RT with concomitant and adjuvant TMZ seems to bal-
ance the risks and benefits of combined modality adjuvant therapy [34, 35]. In con-
trast, there are a few studies with conflicting results suggesting a single modality may
be beneficial for select patients based on MGMT methylation status [31]. Specifics on
various chemoradiotherapy regimens and their associated survival benefits is beyond
the scope of this chapter. However, suffice it to say, elderly GB patients tend to benefit
from chemoradiotherapy regimens that are as aggressive as is deemed appropriate
based on postoperative recovery course, performance status, and personal treatment
goals. It is also important to note that debulking has the potential of improving the
efficacy of adjuvant therapies. In one study, radiation dose had a significant effect on
survival and radiotherapy was more likely to fail in the biopsy group despite an earlier
radiation start time after biopsy [15]. As with surgical decisions, the medical oncology
team should consult with geriatricians whenever possible to provide the best care pos-
sible by tailoring multimodal therapies to each individual patient.

Conclusion

In conclusion, elderly glioblastoma patients present a particularly difficult treatment
challenge for the neurosurgeon and neuro-oncologist. In some cases, the number
and severity of comorbidities and poor preoperative performance status make cyto-
reductive surgery an impossibility. However, many elderly GB patients exist on a
spectrum and require a comprehensive geriatric assessment to more adequately and
holistically predict their ability to undergo and ultimately benefit from surgery.
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Since maximum safe surgical resection leads to improved survival in elderly
patients, age alone should not be used as a criterion to deny surgical services for
older GB patients. In fact, because elderly patients make up such a large percentage
of GB patients, a stronger effort to include this vulnerable population in clinical tri-
als should be made. Neurosurgeons are well positioned to lead in this effort as
neurosurgeons are often one of the first consults and points of contact for patients
after detection of an intraaxial mass on imaging. Neurosurgeons should be prepared
to offer surgical resection to appropriate elderly GB patients and to encourage
enrollment in clinical trials whenever feasible. In this way, a consensus on standard
of care for elderly GB patients may be reached in the future.

Box
What is known?

Maximal safe surgical resection improves overall survival for glioblastoma
patients while advanced age is associated with poorer prognosis. Elderly glio-
blastoma patients are often excluded from gross total resection, the validated
optimal surgical treatment, due to preoperative comorbidities or concern
about potential postoperative complications.

What is new?

Recent studies that include elderly glioblastoma patients demonstrate that
cytoreductive surgery improves quality of life, progression free survival (PFS)
and overall survival (OS) in the elderly population. Despite the potential ben-
efits, elderly patients often receive less aggressive surgical resection and sub-
optimal postoperative treatments. An underlying factor for the uncertainty
regarding best treatment strategies is the fact that elderly patients are system-
atically excluded from clinical trials. Therefore, in the literature there is a lack
of data to support management guidelines for this population.

What are the consequences for clinical practice?

Age alone should not be a criterion in the decision to offer surgical treat-
ment to glioblastoma patients. Since all patients can potentially benefit from
surgical resection, neurosurgeons must consider more holistic metrics such as
a comprehensive geriatric assessment when making operative decisions.
Additionally, a more concerted effort should be made to include elderly
patients in ongoing and future clinical trials.
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A Restriction for the Surgical
or Endovascular Treatment
of a Ruptured Aneurysm in the Elderly?

Christian Mirian and Tiit Mathiesen

Introduction

Aneurysm treatment with clipping or coiling is indicated to prevent aneurysm re-
rupture after aneurysmal subarachnoid hemorrhage (SAH). Any form of benefit of
treatment requires active treatment to improve on natural history of the aneurysm.
Primarily, morbidity and mortality of aneurysm treatment need to be lower than
morbidity from re-rupture. For ruptured aneurysms, the risk of re-rupture within
6 months was reported at 40% for patients of all ages with a mortality of 78% [1];
and not less for elderly patients. Next to effects of initial bleeding, historical materi-
als cite re-bleeding and surgical complications as main determinants of a bad out-
come [2]. For subarachnoid hemorrhage, high age appears to increase treatment risk
[3]. The highest mortality was seen in poor-grade patients over 75 who, however,
were treated conservatively [4]. In addition, the expected remaining life-time for the
age must be considered to assess potential benefit of preventing re-rupture, since
competing risks are higher at a higher age. In contrast, several studies report favor-
able outcome after more aggressive management of aneurysms in an elderly popula-
tion [5, 6].

Hence, precise information of how age affects outcome of aneurysm treatment
would be necessary for practical decision-making. The rationale for treatment is
unclear in advanced age, since a limited expected life-span affects long-term benefit
of treatment and advanced age with potential health problems increase complica-
tions. This review was made to investigate published information on outcomes of
treatment in elderly patients.

We were seeking information on outcomes of treatment in elderly patients with
the primary intent to find data to support microsurgical or endovascular strategies in
elderly patients.
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Methods

A Pub Med Search was made on 15th September, 2018 with the search terms” elderly
patients”, “age”, “Intracranial aneurysm”, “clipping”, “coiling”. English literature
was searched and reference lists of selected papers were reviewed for additional arti-
cles. We retrieved 286 abstracts, that were screened for contents. In total, 31 articles
were selected and after reading, 17 articles were deemed relevant and used for further
analyses. The articles were used to extract data for meta-analytical investigation.

A random-effects model, which acknowledges the existence of different effects
sizes underlying different studies, was used in this analysis. We adopted the
“restricted maximum likelihood”-estimator in the random-effects model based on
meta-analytic studies comparing bias and efficiency of meta- analytic variance esti-
mators in random-effects models [7, 8].

I? quantifies the proportion of variance in study effect estimates, which is attrib-
utable to heterogeneity rather than chance. Thus, an I>-value of 0% correlates with
no inconsistency between studies.

Heterogeneity was quantified accordingly to Higgins et al., with “low”, “moder-
ate” and “high” corresponding to I*-values of 25%, 50% and 75% [9]. The p-value
for y*-test was computed to determine whether significant heterogeneity existed.

Statistical analyses were performed in R-Studio. This meta-analysis and its
graphical content were made by using the “metafor”’-package [10].

The primary outcome was: first, to establish the 1-year survival after treatment
with either endovascular treatment or microsurgical clipping; and second, to quantify
the proportion of patients achieving a favorable outcome after treated with either
endovascular coiling or microsurgical clipping. A favorable outcome was defined in
alignment with the vast majority of definitions applied within the individual studies,
which comprised either a Glasgow Outcome Scale (GOS) equal to “good recovery
(GR): none or minor physical or mental deficits that affects daily life” or “moderate
disability (MD): independent, but cannot resume work/school or all previous activi-
ties” or a modified Rankin Scale (mRS) equal to “O: no symptoms”, “1: no significant
disability, despite symptoms; able to perform all usual duties and activities” and “2:
slight disability; unable to perform all previous activities but able to look after own
affairs without assistance”.

We sought to include a set of covariates for a meta-regression analysis to
explore this heterogenous group of patients and how these may have affected
outcome. However, the only consistent covariates were mean age and the propor-
tion of “poor prognosis” patients—although, different assessment schemes were
used for determining poor prognosis; in alignment with the majority of the
included studies, we defined “poor prognosis” as a NIS-SAH Severity Score
greater than 7, a World Federation of Neurosurgical Societies (WFNS)-score of
4-5 or, a Hunt-Hess grade equal to 4 or 5. We calculated the fraction of “poor
prognosis” patients per total cohort as surrogate marker for the baseline severity
of the included patients.
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We grouped data in decades based on the age mean for the specific cohort.
Age groups were compared corresponding to a mean age between 60 and
69 year, 70 and 79 year, 80 and 89 year or older than 90 year and across all age
groups.

Results

A total of 31 articles were read of which 17 were eligible for quantitative synthesis,
comprising 3998 patients treated with endovascular coiling whereas 2461 patients
underwent microsurgical clipping—see Table 5.1 for further information; the age
distribution in studies addressing endovascular coiling (n = 15), two studies were
allocated in the age group between 60 and 69 year [11, 26], 11 studies were allo-
cated in the age group between 70 and 79 year [12-22], and one study was allo-
cated in the age group between 80 and 89 year [25]. One study did not report the
mean age [27]; whereas the age distribution in studies addressing microsurgical
clipping (n = 8), four studies were allocated in the age group between 70 and
79 year [17-19, 23] and three studies were allocated in the age group between 80
and 89 year [23-25]. The last study did not report a mean age but comprised a
range between 70 and 82 year [16].

Favorable Outcome

A random-effects model was used to produce a weighted proportion of patients
achieving favorable outcome in each treatment (Fig. 5.1a, b). In total, 55% (95% CI:
45%; 65%) across all age groups achieved a favorable outcome after treatment with
endovascular coiling (Fig. 5.1a); similarly, 56% (95% CI: 52%; 59%) of patients
achieved favorable outcome after treatment with microsurgical clipping (Fig. 5.1b).
Notably, the overall I>-percentage was 87.2% and considered high. The y>-p-value
for all studies combined was 0, indicating that highly significant heterogeneity was
observed in the analysis of endovascular treatment. In quite contrast, the I>-
percentage and y>-p-value was 12.2% and 0.38, respectively, indicating low, non-
significant heterogeneity, hence between-study consistency.

Figure 5.1c depicts a Funnel Plot (the proportion of patients achieving a favor-
able outcome in each individual study plotted against the standard error (an index of
precision). The white funnel illustrate 95% confidence band corresponding to each
standard error) of the random-effects model used for analysis of favorable outcome
after endovascular coiling. The studies are spread out an only poorly contained
within the funnel—which give arise to the large heterogeneity observed. It demon-
strates the complexity and difficulty in encapsulating this patient group due to con-
siderable differences in e.g. baseline patient characteristics or selective cohorts used
for different studies.
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Fig.5.1 (continued)

One-Year Mortality

Similarly, we used a random-effects model to determine the weighted proportion of
patients being alive 1-year after treatment (Fig. 5.2a—d). Both models were associ-
ated with very high and significant heterogeneity at I>-percentages of 98.8% and
95.7% for the endovascular coiling and microsurgical clipping, respectively, and
y2-p-values of 0.

The proportion being alive after 1-year was 67% and 59% for endovascular
(Fig. 5.2a) and microsurgical (Fig. 5.2b) treatment, respectively. Surprisingly, in
both models the one study that comprised the (80-89 year)-age group suggest a bet-
ter 1-year prognosis in this group compared to the (70-79 year)-age group [25].
Funnel Plots were computed for both models, and greatly visualizes the how scat-
tered the studies are due to heterogeneous study groups.

A meta-regression including the proportion of baseline “poor grade” per total
cohort did not significantly intercept, meaning that baseline surrogate marker for
“poor grade” could not be demonstrated to alter the 1-year survival outcome.
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Fig. 5.2 (continued)

Level of Evidence

All studies represent retrospective reviews of cohorts, where patients were offered
treatment at the discretion of physicians in charge or one represent a selected sub-
group of patients at equipoise regarding better benefit of clipping or coiling. The
quality per GRADE was considered very low, since selection bias regarding expected
benefit was the basis of treatment allocation.
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Discussion

Favorable outcomes were reported after clipping in 56% (95% CI: 52-59%) and after
coiling in 55% (95% CI: 45-65%) after aneurysmal subarachnoid hemorrhages. In
total, 1-year survival after clipping was 59% (95% CI: 44-75%) and after coiling 67%
(95% CI: 52-82%). One study indicated higher mortality in patients aged 80-89, but
a very high heterogeneity did not allow identification of a coherent pattern; we found
a low heterogeneity only in the analysis of favorable outcome after clipping. The stud-
ies showed no difference between different age cohorts. Taken together, the studies
indicate that patients offered treatments with either clip or coil for aneurysmal SAH
were more likely to experience a favorable outcome than the opposite, although mor-
bidity was high and can be expected to increase with age, although available studies
do not allow a direct comparison of the results of the different treatments and conser-
vative management. The patients that are already offered treatment will probably con-
tinue to be treated, since meta-analyses did not indicate any unexpectedly bad results
from active treatment. The results can only be understood to show that personal
knowledge and individual decision making was used for management of the patients
and the coarse comparisons of quantitatively synthesized data on the meta-level failed
to provide new insights because the included studies reflected treatment of heteroge-
nous, highly selected patients. It is probable that the decision- making physicians had
knowledge to offer clipping or coiling to patients they expected to benefit from active
treatment from previous experience; these explicit parameters were not revealed in the
analyzed studies. Hence, an algorithmic approach that is a prerequisite for meaningful
meta-analyses was not identified in any included study and, subsequently, the results
provided no information for an age- related algorithm for aneurysm-management.

We could thus summarize outcomes in the treated cohorts where treatment was
offered per best knowledge and experience; whether the outcomes are desirable is a
matter of values and evaluation from experience of what an expected alternative
outcome with different or conservative treatment would have been. Neither mortal-
ity nor favorable outcome was compared to valid controls.

There is no obvious reason why age groups should be divided into decades. This was
chosen in alignment with the included studies to apply some categorization suitable for
statistical analysis. Age as a solitary criterion for treatment allocation seem arbitrary as
a 60-year old with a high comorbidity index and poor performance status may have a
significant shorter life expectancy contrarily to a healthy 90-year old with a good perfor-
mance status. Further, we categorized the vast majority of studies based on the reported
mean age, e.g. amean of 75 year to the (70-79 year)-age group, although the age ranged
between the seventh and ninth decade of life; the use of a mean age without supporting
standard deviations is a major flaw, which was not possible to implement.

We believe that our finding of an absent age-relation reflects strict selection of
patients with favorable prognoses; probably more so in the oldest patients. Other
observations suggest that age is a relevant prognostic factor. One study on unrup-
tured aneurysms [28] and two registry studies on hospital discharge cohorts [29, 30]
indicated a higher mortality by a factor of 1.4 in patient over 65 compared to those
younger, and morbidity appears to increase with age [3]. Not surprisingly, we con-
clude that age is probably related to worse outcomes for clipping and coiling after
aSAH. Still, the available literature showed that selected patients appear to do well
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with the treatments offered. Age in relation to management of intracranial aneu-
rysms is complex, and individual decisions cannot be determined by findings in
larger groups unless findings are unequivocal and can be known to apply to the
individual patient. The available articles fail to provide such information. The arti-
cles either compare outcomes of older to younger patients and conclude that out-
comes in older patients are worse than in younger.

However, there is no comparison to natural history, hence we rely on historical
knowledge of natural history of ruptured and unruptured aneurysms. For the former,
expected risk of death within a year of hemorrhage is sufficiently high to warrant
coiling or clipping if this can be achieved at surgical mortality below 10-20%.

Conclusion

Today, the individual decisions to offer treatment reflect individual experience and
expertise. Treatments will need to continue to be based on individual decision-making
by experts and it is probably more worthwhile to collect treatment data in registries to
analyze treatments to improve gradually, than to expect “high quality” information from
prospective randomized trials: surgical decision-making handles a multitude of param-
eters other than age and it is not probable than a RCT can meaningfully control for these
sufficiently to tailor individual algorithms for therapy.

Outcomes reflect populations with treatment selected already based on practical
knowledge of individual risk and benefit. Hence, comparison between clipping and
coiling was not relevant, while all studies showed that a substantial proportion of
patients can be treated with limited morbidity and that morbidity appears to be
lower than would be expected without treatment.

Box
What is known?

More than 40% of aSAH patients will suffer a re-hemorrhage within
6 months and up to 80% of them will die. Re-bleeding is an important poten-
tial cause of death in aSAH patients whose aneurysms remain unsecured
which may be a proportionally higher risk for elderly patients.

What is new?

The literature search and analyses of articles did not reveal any relevant
novel information, apart from an indication that a meta-analysis for the
research-question may be futile. It was due to the complexity—manifested as
large analytical heterogeneity—derived from competing risks such as comor-
bidities and other severe illness, different and inconsistent usage of assess-
ment schemes, improved and advancements within the applied treatment
techniques throughout the different study periods and patient inclusion and
different primary study objectives yielding subsets of selective cohorts that
may not be comparable.
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What are the consequences for clinical practice?

Age should not be a solitary determinant of treatment allocation. Clinical
practice should continue to comprise surgery or endovascular treatment of
aneurysms in selected patients based on expert knowledge, multidisciplinary
interaction and specialized patient assessment while long-term data can be
gathered with use of registries.
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Abbreviations

BRAT Barrow Ruptured Aneurysm Trial

GOS Glasgow Outcome Scale

ISAT  International Subarachnoid Aneurysm Trial
mRS modified Rankin Scale

Introduction

Microsurgical clipping has a long-established benefit in preventing recurrent sub-
arachnoid hemorrhage from a ruptured aneurysm. Since the advent of the detach-
able coil in 1990 [1], the endovascular treatment of intracranial aneurysms has
emerged as a minimally invasive alternative to microsurgical clipping. With the
development and widespread adoption of endovascular techniques, debate has
ensued over the optimal treatment of intracranial aneurysms. This debate was inten-
sified with the publication of the results from the International Subarachnoid
Aneurysm Trial (ISAT) [2]. Despite flaws in methodology limiting their general
applicability, the ISAT results have significantly affected practice across the world,
resulting in the increasing use of endovascular techniques for the treatment of intra-
cranial aneurysms [3, 4]. Unfortunately, existing studies have failed to adequately
reveal the optimal strategy for the treatment of ruptured intracranial aneurysms; this
chapter reviews the existing data on this subject.
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Methods
The PubMed Database was searched for “subarachnoid hemorrhage,” “coiling,”
“clipping,” and “randomized trial” in the English-language biomedical literature.
Results were reviewed for studies involving randomized trials comparing the results
of surgical clipping to those for endovascular coiling of ruptured intracranial
aneurysms.

Results

Our search identified only four randomized trials that have been published in
the English-language literature that compared microsurgical clipping with
endovascular coiling for ruptured intracranial aneurysms. These are described
below.

The International Subarachnoid Aneurysm Trial (ISAT)

The ISAT [2] was a multicenter randomized trial that enrolled patients with aneu-
rysmal subarachnoid hemorrhages from 1994 until 2002. A key aspect of the ISAT
design was that the aneurysm morphology had to be considered suitable for both
microsurgical clipping and endovascular coiling by the study investigators. As a
result, the study suffered from significant selection bias in that, despite screening
almost 10,000 patients, it enrolled only 2143, with 1073 allocated to endovascular
treatment and 1070 allocated to microsurgical clipping. The primary outcome that
was studied was proportion of patients with a modified Rankin Scale (mRS) score of
3-6, corresponding to dead or disabled at 1 year. There was no significant difference
between the two groups in terms of age, sex, or World Federation of Neurological
Surgeons grade. There was a significant difference in time to treatment in the two
groups, with more delayed treatment in the surgical group. Almost the entire cohort
had aneurysms arising from the anterior circulation (97.3%), most of which were
small (>90% under 1 cm).

For analysis of the primary endpoint in the ISAT study, 1-year follow-up was
available for 801 patients in the endovascular group and for 793 in the clipping
group. In the endovascular group, 190 of 801 patients (23.7%) had an mRS score of
3—6 whereas 243 of 793 (30.6%) patients in the microsurgical clipping group had an
mRS score of 3—6. This finding corresponded to an absolute risk reduction of 6.9%
and a relative risk reduction of 22.6%, significantly in favor of endovascular coiling
(P =0.0019). Preprocedural rebleeding occurred in 14 patients in the endovascular
group and in 23 in the neurosurgical group, which was likely reflective of the
increased time to treatment in the clipping group. At 1-year follow-up, postproce-
dural rebleeding had occurred in 26 patients in the endovascular group and in ten in
the clipping group.
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Barrow Ruptured Aneurysm Trial (BRAT)

The BRAT study [5] was designed in an effort to overcome some of the limitations
of the ISAT trial that resulted from the high selection bias. The BRAT was based on
an intent-to-treat analysis designed to test a real-world scenario of a “right of
refusal.” All patients who presented with spontaneous subarachnoid hemorrhage
were eligible for enrollment with no anatomical exclusions and crossover was
allowed. Enrollment occurred between 2003 and 2007, with 725 patients screened.
Of those screened, 209 were assigned to clipping and 233 were assigned to coiling.
Four patients assigned to clipping were crossed over to coiling and 75 patients
assigned to coiling were crossed over to clipping. Results were interpreted on an
intent-to-treat basis by initially assigned group. Similar to the ISAT, the primary
outcome studied was number of patients with an mRS score >2.

For analysis of the primary outcome, 205 clipped patients and 198 coiled patients
were available for follow-up. In the clipping group, 69 of 205 patients (33.7%) had
an mRS score >2, which was significantly higher than the 46 of 198 patients (23.2%)
in the coil group (P = 0.02). Two rebleeds occurred in the clip group prior to treat-
ment. One in-hospital, post-treatment rebleed occurred in each group. No post-
hospitalization rebleeds occurred in either group.

Outcomes of Early Endovascular Versus Surgical Treatment
of Ruptured Cerebral Aneurysms: A Prospective
Randomized Study

This study by Koivisto et al. [6] enrolled and randomly assigned 109 out of 242 patients
with proven aneurysmal subarachnoid hemorrhage between 1995 and 1997 to surgical
clipping (n = 57) or endovascular coiling (n = 52). The two groups did not differ signifi-
cantly in age, sex, Hunt and Hess grade, Fisher grade, or site or size of aneurysm. The
primary endpoints in the study included rebleeding, death, and clinical outcome based
on Glasgow Outcome Scale (GOS) at 1 year. A good to moderate recovery was reported
for 43 of 57 patients (75.4%) in the surgical group and for 41 of 52 patients (78.8%) in
the endovascular group. There was no significant difference between groups in out-
come or survival and no late rebleeds were reported in either group.

Outcomes of Endovascular Coiling Versus Surgical Clipping
in the Treatment of Ruptured Intracranial Aneurysms

This study by Li et al. [7] enrolled 192 consecutive patients with acute aneurysmal
subarachnoid hemorrhage between 2005 and 2009. Of the enrolled patients, 96
were randomized to endovascular treatment and 96 to surgical treatment. The two
groups were matched demographically and by severity of subarachnoid hemor-
rhage. Data from 186 patients were available for analysis.
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At 1-year follow-up, the mortality rates of 10.6% (10/94) in the endovascular
group and 15.2% (14/92) in the surgical group were not significantly different.
There was also no difference in good functional outcome defined as an mRS score
of 2 or less in surviving patients, with 63 of 84 (75.0%) and 53 of 78 (67.9%)
patients in the endovascular and surgical group, respectively, experiencing a good
outcome. In the surgical group compared with the endovascular group, the rates of
symptomatic vasospasm (37% vs 23%, respectively) and new cerebral infarctions
(22% vs 13%, respectively) were significantly higher (P < 0.05). Significantly more
aneurysms in the surgical group were completely occluded compared with those in
the endovascular group (84% vs 65%, respectively; P < 0.05). Three rebleeds were
reported in each group, which was not significantly different.

Level of Evidence

Despite the inherent strength in randomized trials, the existing studies comparing
endovascular coiling to microsurgical clipping for aneurysmal subarachnoid hemor-
rhage have significant limitations that precluded our ability to make strong recom-
mendations based on study results. The ISAT suffered from significant selection
bias, with nearly 80% of patients excluded and the majority of patients harboring
small aneurysms in the anterior circulation with good neurological grades, which
limits the broad application of these results. The BRAT study, although all-inclusive,
included patients with non-saccular aneurysms and had a high crossover rate. The
studies by Li et al. [7] and Koivisto et al. [6] were underpowered because of low
enrollment numbers. The results were reviewed in a systematic review, but given the
heavily weighted influence of the ISAT results and the limitations of the analysis, it
does not add significantly to the quality of the evidence [8]. Therefore, the level of
evidence for clipping versus coiling is a Grade C (Table 6.1) [2, 5-7].

Table 6.1 Summary of findings

Patients Good clinical | Post-treatment
Author Design (no.) outcome rebleed (no. pt.) | Grade
Molyneux et al. [2] Randomized Clip, 1070 | Clip, 69.4% Clip, 10 C
trial? Coil, 1073 | Coil, 76.3% | Coil, 26
P=0.0019
Koivisto et al. [6] Randomized Clip, 57 Clip, 75.4% Clip, 0 C
trial® Coil, 52 Coil, 78.8% | Coil, 0
NS
Lietal. [7] Randomized Clip, 96 Clip, 67.9% | Clip, 3 C
trial? Coil, 96 Coil, 75.0% | Coil, 3
NS
McDougall et al. [5] | Randomized Clip, 209 | Clip, 66.3% | Clip, 1 C
trial? Coil, 233 Coil, 76.8% Coil, 1
P=0.02

no. number, NS not significantly different, pr. patient
aModified Rankin Scale score of 1-2 defined as good clinical outcome
"Glasgow Outcome Scale score used to assess clinical outcome
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Patient Preferences

Superficially, endovascular treatment is much more appealing from a patient per-
spective because of its minimally invasive nature as a percutaneous procedure,
whereas surgical clipping requires a scalp incision and craniotomy. Although surgi-
cal clipping is generally well tolerated, it requires a longer recovery period and
patients experience more postoperative discomfort than with endovascular treat-
ment. It is easy to be influenced by this immediacy effect and assume that all patients
would prefer endovascular coiling. However, surgeons and patients must also con-
sider that endovascular coiling is associated with lower complete occlusion rates
and higher retreatment rates. Although retreatment for previously coiled aneurysms
is safe [9] and rebleeding rates are low, these factors must be included in the risk
profile for each procedure and the quality of life of the patient should be considered
in terms of burden of follow-up, inconvenience of additional procedures, and psy-
chological impact of a residual aneurysm (Table 6.2).

Discussion

Unfortunately, the existing data do not allow for strong conclusions to be made in
regard to recommending clipping or coiling for ruptured intracranial aneurysms.
Given their small size, the studies by Li et al. [7] and Koivisto et al. [6] contribute little
to the debate. The ISAT [2] is the largest study to date and has had the most significant
impact on current practice as, since its publication, treatment has shifted to a higher
proportion of patients undergoing endovascular coiling than microsurgical clipping.
However, this treatment shift is due to the inappropriately broad application of the
ISAT findings. As mentioned earlier, the ISAT researchers found that patients treated
with endovascular coiling had an improved functional outcome at 1 year. However,
nearly 80% of patients screened were excluded from participation and 97% of the
aneurysms that were treated were of the anterior circulation with the majority of

Table 6.2 Benefits and risks of clipping versus coiling for ruptured intracranial aneurysms

Type of
treatment Benefit Risk
Coiling * Prevents rebleed * Procedure-related morbidity and
* Minimally invasive mortality
* Fast recovery  Higher recurrence
¢ Rapidly advancing technology * Need for retreatment
* Poorly applicable to some
aneurysm morphology
Clipping * Prevents rebleed * Procedure-related morbidity and
* High complete obliteration rate mortality
* Durable * More invasive
* Most aneurysms are amenable to » Longer recovery
procedure ¢ Postoperative hematomas and
infections
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aneurysms being small and the patients having a good clinical grade. Furthermore, the
improved functional outcome in endovascular patients compared to microsurgical
patients was lost on longer-term follow-up, whereas the increased risk of repeat hem-
orrhage and the need for retreatment persisted [10, 11]. A more appropriate conclu-
sion based on the ISAT design and results is that, for a select group of patients with
aneurysms who present with acute subarachnoid hemorrhage, short-term functional
outcome is improved with endovascular coiling compared with microsurgical clip-
ping, but with an increased rate of rehemorrhage and need for retreatment. In regard
to the ISAT study design, it should be noted that enrollment occurred not long after
development of the detachable coil and considerable progress has been made in endo-
vascular experience, technique, and technology since that time.

The BRAT study [5] attempted to overcome some of the shortcomings of the
ISAT trial by including all patients with spontaneous subarachnoid hemorrhage
regardless of aneurysm morphology. The analysis was based on the intent to treat in
order to represent the real-life scenario of “the right of first refusal” and allowed for
crossover. As a result, many non-saccular aneurysms were included in the study and
a high proportion of patients crossed over from endovascular coiling to surgical
clipping. Based on the intent-to-treat analysis, the BRAT also found an improved
short-term functional outcome in the coiling group. Again, this difference in out-
come was not maintained on long-term follow-up with the need for retreatment
again higher in the coiling group. At 6-year follow-up, no rebleeds were found in
either group [12, 13]. When saccular aneurysms alone were analyzed using the
BRAT data, there was no significant difference between the two treatment groups in
functional outcome at any time period [14]. However, the same absolute difference
in functional outcome existed as in the ISAT study, but the BRAT was underpow-
ered to show a difference with only 362 patients in this analysis. At the 10-year
follow-up for patients with saccular aneurysms in the BRAT, no significant differ-
ence in clinical outcomes were noted at any time period, despite clipping being
statistically superior to coiling in terms of rebleeding, recurrence, and degree of
obliteration [15].

The BRAT was a single-center study intended to be a feasibility study leading to a
larger, multicenter trial. Given the existing studies’ failure to reach a definitive conclu-
sion about the best treatment approach for ruptured intracranial aneurysms, it is time
to proceed with the larger trial for which the BRAT was intended as a prelude.

Conclusion

On the basis of the results of the ISAT and BRAT, we can conclude that for some
aneurysms endovascular coiling has a short-term functional outcome benefit com-
pared with that of microsurgical clipping. However, this difference must be weighed
against an increased risk of retreatment and rehemorrhage after endovascular treat-
ment. It should be noted that since these studies were published, considerable strides
have been made in improving endovascular techniques initially and on retreatment
and that further improvement is needed and is in progress for this technique.

At this point, patients with ruptured intracranial aneurysms are best considered
on an individual basis based on their condition, their medical comorbidities, and
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aneurysm size, location, and morphology. Aneurysms should be treated at centers
with expertise in both modalities highlighted by the high crossover rate from coiling
to clipping in the BRAT, despite having experienced endovascular surgeons per-
forming the procedures in this study.
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Box
What is known?

Surgical clipping and endovascular coiling reduce the risk of rehemor-
rhage of ruptured intracranial aneurysms. Despite study limitations, the exist-
ing literature has shown improved short-term functional outcomes for patients
with certain aneurysms treated with endovascular coiling and a more com-
plete and durable aneurysm occlusion with surgical clipping.

What is new?

Endovascular treatment is rapidly advancing with refinement of technique
and the development of new devices and strategies to improve the safety and
efficacy of the treatment of aneurysms.

What are the consequences for clinical practice?

The existing data fail to definitely define an overarching optimal treatment
strategy for ruptured intracranial aneurysms. Thus, each case must be indi-
vidualized based on characteristics of the patient and the aneurysm. Patients
with ruptured aneurysms are best treated at facilities with expertise in both
open and endovascular techniques.
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Subarachnoid Hemorrhage
Due to Ruptured Intracranial
Aneurysms: The Scientific Base
for Flow Diverters

Michelle F. M. ten Brinck and Joost de Vries

Introduction

Flow diversion is a relatively new technique used for the treatment of intracranial
aneurysms. The introduction of flow diverters (FDs) dates back to 2007. Nowadays,
several types of FDs are available on the market of neurointerventional devices.
Indications for flow diverter use are unruptured large or giant saccular wide-neck or
fusiform intracranial aneurysms. However, the number of published studies regard-
ing the off-label use of FDs in the setting of acute aneurysmal subarachnoid hemor-
rhage (SAH) is increasing [1-4].

The main goal in treatment of ruptured intracranial aneurysms is to prevent aneu-
rysm rebleeding. Subarachnoid hemorrhages, especially due to dissecting or blood
blister-like aneurysms, are still therapeutically very challenging. The use of flow
diverters in this situation has become an established off-label treatment option.

Flow diversion technology is based on two phenomena: it causes disruption of
the fluid momentum into the aneurysm sac resulting in blood stasis and induction of
thrombosis, and it serves as a scaffold that produces a remodeling effect on the vas-
cular wall with neointimal growth. An advantage of this technique over, for exam-
ple, (stent-assisted) coiling is that manipulations within the aneurysm sac are not
needed, which may lower the procedural rupture risk. Also, the occlusion on long-
term might be more durable when compared to coiling or stent-assisted coiling,
which in turn decreases the need for and rate of retreatment. However, the fact that
aneurysm occlusion caused by flow diversion is not achieved immediately could
make these aneurysms more prone to re-rupture during the early post-procedural
phase. Additionally, patients treated with flow diverters should be receiving dual
antiplatelet therapy up to several months after FD placement. Therefore, patients in
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the acute SAH phase may have a higher risk of hemorrhagic complications since
they are often subjected to additional procedures such as ventriculostomy or hema-
toma evacuation.

In 2017 a meta-analysis has been published regarding flow diversion for ruptured
aneurysms [5]. The authors could only include 62 patients who were treated within
15 days. Another meta-analysis published in 2018 reported on outcomes of patients
with ruptured aneurysms treated within 30 days [6]. However, after 30 days the risk
of delayed cerebral ischemia is generally low and therefore patients treated with
flow diverters at this interval may have better clinical outcomes compared to patients
with acute SAH treated within 15 days. Furthermore, the risk of rebleeding is lower
after 30 days (versus after 15 days) so theoretically there is a higher chance of
patient selection with a more favorable clinical status.

Both authors of the previously mentioned meta-analyses concluded that flow
diversion results into a high complete occlusion rate. No hard conclusions were
drawn regarding clinical outcome and complication rate. Madaelil et al. reported a
favorable clinical outcome for 79% of patients treated within 15 days and Cagnazzo
et al. found a rate of good neurologic outcome of 83% with a treatment-related
complication rate of 18%, which was 27% for ruptured posterior circulation aneu-
rysms [5, 6].

These studies had a substantial overlapping study population and included sev-
eral case series with N < 5, which are prone to selection and publication bias.
Therefore, especially clinical outcome and complications of FD treatment in setting
of acute SAH are still to be questioned. This chapter addresses the following: What
is the rate of favorable clinical outcome, complications, and complete occlusion for
aneurysmal SAH patients treated with any type of flow diverter within 15 days after
last moment of aneurysm rupture?

Methods
Search Strategy and Article Selection

We conducted a systematic review of available literature of studies reporting on
both the clinical and angiographic outcome of acute SAH patients treated with flow
diverters. The PRISMA guidelines were followed for the set-up of the search, study
selection, and data extraction process [7]. We conducted the search both in the
PubMed and EmBase database.

We expected relevant literature to be scarce and of recent date. Since the address-
ing of MeSH terms in the PubMed database is subjected to delay, we tried to use a
minimum amount of index terms and instead focused on free text.

The following search was designed with cooperation of a librarian experienced
in systematic reviews and with the used databases: “((((((((((aneurysms)) AND rup-
turex)) OR subarachnoid hemorrhage OR SAH)) AND ((flow divx OR flowdiv OR
Sflow-div« OR pipeline OR silk OR surpass OR fred OR flow re-directing OR flow
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redirecting OR flow-redirection OR p64 OR derivo OR flow modulation OR
tubridge)))))) AND "2010/01/01"[PDat] : "2018/12/31"[PDat]”. This search was
last run on 20 September 2018 in PubMed. This search with identical medical terms
was adjusted to the style of EmBase (regarding amongst others Boolean operators)
and was conducted on the same day in EmBase. According to the chapter guidelines
we excluded articles published before 2010.

All retrieved articles from both searches were imported into Endnote X8.0 in
which we screened for and removed all duplicates. Two authors (MtB, JdV) inde-
pendently screened the title and abstract of all remaining articles and assessed their
eligibility for full text screening. The used inclusion criteria were as following:
Articles reporting on both clinical and radiological outcome of patients with recently
ruptured aneurysms treated with flow diverters. Furthermore, complications had to
be reported. The maximum treatment delay was 15 days after last moment of hem-
orrhage, so both patients with a first aneurysmal SAH as well as patients with aneu-
rysm rebleeding were included. We chose 15 days as cut-off point since delayed
cerebral ischemia (DCI) mostly occurs within this timeframe. Additionally, the goal
of treatment is prevention of rebleeding and the rebleeding risk is especially high
the first days after rupture. Therefore use of flow diverters as treatment modality
within this period is of main interest.

Any type of flow diverters were included. Patients were also included in case
treatment consisted of flow diversion plus additional coiling. The required mini-
mum number of eligible patients per study was five or higher. We chose this number
in order to exclude all case reports and series with a low number of patients since
these studies have a substantial risk of publication bias and selective reporting. We
deliberately did choose to not have a minimum or maximum follow-up time, neither
a mandatory way reporting of complications, since preparing study of literature
indicated that follow-up time and ways of reporting complications differed
considerably.

Articles types that were excluded concerned all congress abstracts, posters and
presentations, all reviews, commentary, and animal or in vitro articles, and articles
without full text availability in either English or Dutch. Furthermore, we excluded
all studies with such substantial duplication that it could not be said with certainty
that five ‘new’ eligible patients were included. Studies which had a sufficient
amount of eligible patients included, but only as minor part of the total study popu-
lation and in which no clinical and/or radiological results were separately published
for our subgroup of interest, were excluded as well. When information was reported
on patient level, we calculated the outcomes of interest for this group and used only
the subgroup with its inherent outcome rates.

Results of title/abstract screening by both authors were compared. Disagreement
was not encountered. The authors performed full text screening and made their
final selection of articles to be included in this review. In case data was unclear or
missing and this data was crucial for either inclusion or exclusion, a mail was send
to the corresponding author. If no reply followed, the concerning study was
excluded.
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Primary and Secondary Outcomes

Primary outcome was the rate of favorable clinical outcome, defined as either a
modified Rankin Scale (mRS) score of 0-2 or a Glasgow Outcome Scale (GOS)
score of 4-5, at last available moment of follow-up. Secondary outcomes were rate
of complete occlusion, aneurysm rebleeding, permanent neurologic deficit caused
by procedure-related complications, and all cause mortality. Complete occlusion
was defined as either Raymond-Roy (RR) 1 measured on the RR scale or O’Kelly-
Marotta (OKM) D, measured on the OKM scale. We also considered occlusion
complete in case studies described this textually without using a scale. From previ-
ous studying of literature we learned that various ways of reporting complications
are being used. Specific types and consequences of complications are often not
pre-specified or mentioned. Therefore, we categorized all reported complications by
type (ischemic/intracranial hemorrhagic/other; e.g. vessel dissection) and timing
(intra-procedural, early post-procedural and late post-procedural). Early post-
procedural complications occurred <30 days after treatment and late complications
>30 days.

Data Collection

One author (MtB) extracted all pre-specified data items according to the PRISMA
statement in a form: These items were number of participating centers and coun-
tries, names of participating centers, study type, inclusion period, number of total
patients and aneurysms included in the study, number of patients and aneurysms
eligible for our review, and description of data on patient or cohort level (in case
of patient level, data was extracted in a separate file on patient level as well). Of
all eligible patients the following baseline characteristics were extracted: Sex,
age, initial clinical presentation (Hunt and Hess [HH] or World Federation of
Neurosurgical Societies [WFNS] grade), treatment delay, and periprocedural anti-
platelet regimen. Of all aneurysm we collected the type, size, location (anterior/
posterior), type of used FDs, and other treatment modalities. Regarding the out-
come we extracted the rate of complete occlusion (including used scale) with
inherent follow-up time, clinical outcome (mRS or GOS) with inherent follow-up
time, complication rate with separate reporting of type (amongst others rebleed)
and timing of complications, and amount of complications leading to permanent
neurologic deficit.

Bias Evaluation

Quality of each study was assessed according to the GRADE criteria [8].
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Statistics

A meta-analysis (random-effects model) was performed to calculate the pooled esti-
mated event rates, including 95% confidence interval, of favorable clinical outcome,
complete occlusion, and all cause mortality. All calculations were performed using
Comprehensive Meta Analysis V2 (Biostat Inc., Englewood, New Jersey, USA).

Results
Search Strategy and Process

The initial search in both EmBase and PubMed database yielded 730 studies eligible
for title/abstract screening combined, after removal of duplicates. Subsequently, we
performed full text screening of 72 articles. Fiftysix of these 72 studies have been
excluded. The two main reasons for exclusion were either no/insufficient data of
patients treated within 15 days being available or a number of eligible patients <5.
One other study is submitted, but not yet published. However, the results of this study
are available to us and therefore were included. We will use the asterisk [*] as refer-
ence for this article. Ultimately, we included 17 studies in our review. See Fig. 7.1 for
the search flow diagram which provides a more detailed overview of this process.

All but one study were retrospective case series. One study was presented as
being prospective, however, in our opinion, the methods describe the process of a
retrospective analysis of a prospectively kept registry [9].

Study Population

The total study population of our review consisted of 258 patients harboring 268
recently ruptured aneurysms (Table 7.1). Timing of treatment was questionable in
two studies [10, 11]. Both corresponding authors have been contacted and con-
firmed that all patients were treated within 15 days (Table 7.2). There was duplica-
tion of patient population among four studies [11, 16, 20, 21].

Patient and aneurysm inclusion criteria varied considerably among studies. Some
studies included several types of aneurysms [9, 10, 14, 16—18, 21], [*], whereas oth-
ers focused on a single aneurysm subtype [11-13, 15, 19, 20, 22-24]. A substantial
variance in initial clinical presentation was observed. Altogether, 66/249 (27%, range
0-64%) patients presented with either a WNFS or Hunt and Hess score of 4-5. This
resulted in a heterogeneous study population. For example, when comparing the
study of Aydin et al. (nine patients) versus Maus et al. (14 patients), they had, respec-
tively, 81% versus 0% anterior circulation aneurysms included [12, 19]. In the study
of Aydin et al. patients were treated after a minimum of 5 days, while in Maus’ et al.
his study, all patients were treated within 12 h after hospital admission.
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Articles on outcomes of acutely ruptured
aneurysms treated with flow diverters

() l | l
'§ Number of articles identified Number of articles identified
= via PubMed search on via Embase search on
@ 20-09-2018 (n = 481) 20-09-2018 (n = 602)

'

Number of articles after removal of
duplicates in Endnote® X8 (n = 730)

—

N
)
o
£
3
& | |Inclusion criteria: Title/Abstract screening Articles excluded
& | |* Articles reporting treatment of (n=730) (n =658)
recently ruptured aneurysms
AN with flow diverters
e Maximum treatment delay
(2 15 days Articles assessed for| | Articles excluded based
q:_) *  Minimum number of patients eligibility by full text on full text assessment
g included = 5 . < screening (n = 72) (n = 56) Reasons:
@ || Any type of flow diverter . ¢ No/insufficient data of
21 Study m_ust r_eport both clinical patients with ruptured
2 and radiological outcome aneurysms treated within
_?lj Exclusion criteria: 15 days reported
= | [* Animal/in vitro studies separately (n = 23)
T | Reply/commentary only ¢ Data of less than 5 patients
=/ |+ Review article treated within 15 days
* Congress abstract/poster reported separately (n = 17)
* Full text article not available * No pertinence to our study
in English or Dutch (n=11)
¢ Duplication in population
_5 (n=5)
(7]
=
[3)
=

Articles included in study
(n=17%)

Fig.7.1 Flowchart of search and selection process. %17 and 56 add up to 73; This is due to the fact
that we added results of one extra article which is submitted for publication, but not yet
published

In the majority of studies a flow diverter was used only if no other treatment
options were considered feasible. Several series had some patients included which
were treated by a flow diverter plus additional coiling [9, 10, 14-19, 21, 24], [*].
Treatment of blood blister-like aneurysms in the setting of acute SAH were reported
most frequently; 146 times (54%), followed by dissecting (n = 57, 21%), saccular
(n =45, 17%) and fusiform (n = 20, 8%) aneurysms. Most aneurysms were located
in the anterior circulation (n = 200, 75%, range 0—100%). It was not possible to
calculate either a pooled median or mean treatment delay due to the heterogeneity
in ways of reporting.
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Table 7.1 Pooled study baseline characteristics and outcomes

Pooled variables Number (%) | Number of articles
Total population
N eligible patients 258 17
N. eligible aneurysms 268 17
Proportion unfavorable HH/WFNS grade at 66/249 (27) 16
presentation
Aneurysm type 17
* Blood blister-like 146 (54)
e Saccular 45 (17)
¢ Fusiform 20 (8)
* Dissecting 57 (21)
Aneurysms located in posterior circulation 200 (75) 17
Favorable clinical outcome (mRS 0-2, GOS 4-5) 179/253 (71) |17
Complete occlusion 183/202 (91) |17
Complication rate 62/257 (24) 17
* Leading to permanent neurological deficit in N patients | 29/206 (14) 15
Rebleeding rate 9/268 (3) 16
All cause mortality rate 38/258 (15) 17

GOS Glasgow Outcome Scale, mRS modified Rankin Scale, N number

Primary and Secondary Outcomes

Overall, we found an estimated favorable clinical outcome rate of 75% (179/253;
95%C.1. 63-83% (Fig. 7.2a). All studies used either the mRS or GOS scale for
reporting clinical outcome. The median/mean clinical follow-up time of at least 12
studies did not exceed 12 months. Furthermore, a distinction can be made between
larger and smaller studies. Three studies outnumber the others [16, 20], [*]. We will
name those studies as the bigger ones. It must namely be noted that the pooled
favorable clinical outcome rate of these three bigger ones combined was 60%
(60/100) versus 82% (47/57) for studies with patient N < 10 (n = 7).

The pooled mortality rate was 17% (38/258; 95%C.1. 13-23%), ranging between
0 and 50% (Table 7.3; Fig. 7.2a). Again, there is a substantial difference in all cause
mortality rate for the three bigger ones versus studies with ten or less patients
included, with rates of respectively 18% (19/105) versus 5% (3/57).

Combining the results of all studies, complications were reported for 62/257
(24%, range 0-50%) patients. For the three bigger ones the complicate rate was
32% (34/105) versus 18% for studies with a patient number smaller or equal to
ten. The total number of reported ischemic, hemorrhagic, and other type of com-
plications was 32, 29, and 10, respectively. The rate of rebleeding was 3%
(9/268), ranging from 0 to 33%. Most complications occurred within the early
post-procedural phase, followed by the intra-procedural phase. 29/206 (14%,
range 0-33%) patients had permanent deficit caused by complications (Table 7.4).
However, detailed clinical consequences of complications were not always
provided.
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a
Study name Statistics for each study Event rate and 95% CI
95% C.I.
Event Lower Upper
rate limit limit Event/total
Aydin 2015 0,909 0,561 0,987 10/11 — ]
ten Brinck 2019 0,455 0,315 0,601 20/14 i
Cerejo 2017 0,857 0,419 0,980 6/7
Chalouhi 2015 0,938 0,665 0,991 15/16 —
Chan 2014 0,625 0,285 0,875 5/8 —_——
Goertz 2018 0,955 0,552 0,997 10/10 —
Lin 2015 0,778 0,535 0,914 14/18 =
Linfante 2017 0,900 0,533 0,986 9/10 -
Lozupone 2018 0,688 0,433 0,864 11/16 T
Mahajan 2018 0,933 0,648 0,991 14/15
Maus 2018 0,214 0,071 0,494 3/14 -l
McAuliffe 2012 0,500 0,168 0,832 3/6 e
Mokin 2018 0,684 0,522 0,811 26/38
Natarajan 2017 0,818 0,493 0,954 9/11
Parthasarathy 2018 0,857 0,419 0,980 6/7 L.
Ryan 2017 0,769 0,478 0,924 10/13
Yang 2017 0,889 0,500 0,985 8/9
12=0%
b
Study name Statistics for each study Event rate and 95% CI
95% C.I.
Event Lower Upper
rate limit limit Event/total
Aydin 2015 0,091 0,013 0,439 1/11 -
ten Brinck 2019 0,182 0,094 0,323 8/44
Cerejo 2017 0,063 0,004 0,539 0/7
Chalouhi 2015 0,063 0,009 0,335 116 [
Chan 2014 0,056 0,003 0,505 0/8
Goertz 2018 0,045 0,003 0,448 0/10 —
Lin 2015 0,167 0,055 0,409 3/18
Linfante 2017 0,100 0,014 0,467 110
Lozupone 2018 0,125 0,031 0,386 2/16
Mahajan 2018 0,067 0,009 0,352 115 1l
Maus 2018 0,500 0,260 0,740 7114 .
McAuliffe 2012 0,333 0,084 0,732 2/6 -
Mokin 2018 0,186 0,096 0,330 8/43
Natarajan 2017 0,182 0,046 0,507 2/11
Parthasarathy 2018 0,063 0,004 0,539 0/7
Ryan 2017 0,154 0,039 0,451 2/13
Yang 2017 0,050 0,003 0,475 0/9
Total 171 12 231 2 N
ota 0 0,125 0,23 38/258 0,00 0,50 1,00
12 =0%

Fig.7.2 (a) Meta-analysis of favorable clinical outcome rate. (b) Meta-analysis of all cause mor-

tality rate
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Reporting of complications was performed in various ways and therefore these
rates were hard to interpret. Chalouhi et al. specifically mention that they report all
complications regardless of their clinical significance [14]. Mahajan and Aydin
et al. only globally mention that they report complications [12, 18]. Goertz et al.
report a chemotoxic contrast reaction as complication. Mokin et al. and Yang et al.
report slow flow/flow stasis as complication [20, 24]. On the contrary, Parthasarathy
et al. specifically describe that they only report hemorrhagic and thrombo-embolic
complications and therefore we cannot be sure if the previously mentioned types of
complications have occurred in their study [22].

The complete occlusion rate ranged between 56 and 100%. The pooled complete
occlusion rate was 88% (183/202; 95%C.1. 82-92%) (Fig. 7.3). For both the three
studies with most patients with available follow-up imaging as well as all studies
with angiographic results for <10 patients the complete occlusion rate was 91%
(70/77 versus 77/85).

Some studies assessed the grade of occlusion by using a scale (Raymond-
Roy or O’Kelly-Marotta), however half of the articles only used a global
description. Studies that did not use the RR or OKM scale did not report a
higher pooled complete occlusion rate. Only four studies used angiographic
follow-up with a median/mean follow-up time of 12 months or more (Table 7.3)
[13, 15, 21, 24].

Study name Statistics for each study Event rate and 95% Cl
95% C.I.
Event Lower Upper
rate limit limit Event/total
Aydin 2015 0,950 0,525 0,997 9/9
ten Brinck 2019 0,931 0,762 0,983 27/29 —=
Cerejo 2017 0,857 0,419 0,980 6/7
Chalouhi 2015 0,917 0,587 0,988 1112 ]
Chan 2014 0,944 0,495 0,997 8/8
Goertz 2018 0,900 0,533 0,986 9/10 _
Lin 2015 0,938 0,665 0,991 15/16
Linfante 2017 0,950 0,525 0,997 9/9 —_
Lozupone 2018 0,857 0,573 0,964 12/14 —
Mahajan 2018 0,929 0,630 0,990 13/14
Maus 2018 0,929 0,423 0,996 6/6
McAuliffe 2012 0,750 0,238 0,996 3/4 -
Mokin 2018 0,875 0,711 0,952 28/32
Natarajan 2017 0,950 0,525 0,997 9/9 JE P
Parthasarathy 2018 0,857 0,419 0,980 6/7
Ryan 2017 0,556 0,251 0,823 5/9
Yang 2017 0,938 0,461 0,996 717 <
Total 0,879 0,821 0,920 183/202 0,00 0,50 1,00
12 =0%

Fig. 7.3 Meta-analysis of complete occlusion rate
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Quality of Evidence

Only studies providing (very) low quality of evidence were included. See Table 7.5
for the GRADE classification of each study.

Discussion

Benefits

e Placement of a flow diverter requires no manipulation within the aneurysm sac.
This might lower the risk of intra-operative rupture.

e Durable occlusion (compared to bare and stent-assisted coiling) and less recana-
lization on long-term, therefore less retreatment is required, which in turn might
decrease the amount of complications.

* Can be used for some types of aneurysms (e.g. blood blister-like) which are not
always amenable to other (e.g. stent-assisted coiling or clipping) treatment
modalities.

Table 7.5 Quality of evidence

Study name Patient N | Precision issues Study quality* (GRADE)
Aydin etal. [12] 11 Serious D O OO Very low
Ten Brinck (2019)° 44 Serious PDOOLow
Cerejo et al. [13] 7 Very serious SO00O Very low
Chalouhi et al. [14] 16 Very serious D O OO Very low
Chan et al. [15] 8 Very serious D O OO Very low
Goertz et al. [10] 10 Very serious SO00O Very low
Lin et al. [16] 18 Very serious DOOO Very low
Linfante et al. [11] 10 Very serious D O OO Very low
Lozupone et al. [17] 16 Very serious SO00O Very low
Mahajan et al. [18] 15 Very serious D O OO Very low
Maus et al. [19] 14 Very serious D OO O Very low
McAuliffe and Wenderoth [9] 6 Very serious @ O O O Very wow
Mokin et al. [20] 43 Serious PDOOrow
Natarajan et al. [21] 11 Very serious SO00O Very low
Parthasarathy et al. [22] 7 Very serious OO0 Very low
Ryan et al. [23] 13 Very serious D OO O Very low
Yang et al. [24] 9 Very serious D O OO Very low

i0Observational studies start at ‘low’. Due to already solely the issues regarding the precision
(amongst others number of participants or events) all these studies must be judged to be of (very)
low quality. We did not provide overview of other points of assessment (directness, publication
bias) since this would also only yield serious/very serious issues and not change the final outcome
of (very) low quality

"Submitted, not yet published
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Risks

e No achievement of complete immediate occlusion and therefore a possible
higher rate of rebleeding compared to e.g. clipping or stent-assisted coiling
(when immediate occlusion is achieved with those techniques).

e Need for dual antiplatelet therapy may lead to a higher risk of hemorrhagic
complications

e Possible high risk of periprocedural thromboembolic complications since acute
SAH patients are in a hypercoagulable state.

At first sight, the rates of favorable clinical outcome, mortality and complete
occlusion seem to not differ so much from results of two published meta-analysis
regarding the use of flow diverters in the acute phase after subarachnoid hemor-
rhage. Based on the published clinical and angiographic outcome, we could con-
sider the use of flow diversion in this setting a relatively effective option. However,
reporting of complications was not specific enough to be able to draw conclusions
regarding the safety.

Quality of Evidence and Bias

Published studies regarding the use of flow diverters in the acute subarachnoid hem-
orrhage phase provide evidence of only (very) low quality. For other reviews, stricter
inclusion criteria such as only prospective studies or a minimum patient number of
50 per study are being used [25]. If we would have applied these criteria to the result
of our literature search, then we would have had O studies to include.

Both the internal and external validity of the studies we included are limited.
Selection and publication bias seem to be the main forms of present bias. In hardly
any study, a concrete statement regarding the rationale behind both patient selection
criteria and timing of treatment is included in the introduction/methods section.
This results in very heterogeneous patient and aneurysm populations.

Smaller case series do not always concern consecutive patients, but often a
selected subgroup with favorable outcomes. Mahajan et al. do for example not
clearly describe how the final study population was selected [18]. Presence of selec-
tive reporting and publication bias is also nicely illustrated by the fact that both the
rate of favorable clinical outcome and all-cause mortality were significantly lower
when results of only the three biggest studies were pooled compared to results of
studies with ten or less patients included. Differences in these rates were 22% and
13%, respectively.

Although the bigger series included in this review have less favorable results,
even their results should be appraised critically. It has been shown that self-assess-
ment of occlusion and clinical outcome can lead to overestimation of rates of com-
plete occlusion and favorable outcome compared to when results are performed by
an independent core-laboratory. Differences can be up to 26% [26].

Besides publication bias, also funding (bias) may have played a role: Several stud-
ies specifically mention the type of used flow diverter, both in study title and
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conclusion [10, 11, 14-16, 18]. Authors involved in almost all these papers have
some financial connection to the industry. To be clear, this does not necessarily mean
that those results are altered or untrustworthy. However, it is more likely that in case
results of small case series (such as published) would have been more negative, these
results would never have been submitted/published (with emphasis on the used type
of device). Funding may therefore unconsciously ‘empower’ publication bias.

Complications

The differences in complication rates between studies can partially be explained by
characteristics of the included study population. Aneurysms in the posterior circula-
tion seem to be associated with a higher complication risk [27]. Also, studies with a
higher percentage of included patients with poor WFNS/HH grade at presentation
are more likely to find worse clinical outcomes [28].

During full text reading and data extraction it became clear that reporting of
complications was performed in various ways. Performing a meta-analysis was not
appropriate.

Type of reported complications were not pre-specified in most studies. Most
studies globally described that ‘all complications’ were being reported. Some stud-
ies specified this further into types (e.g. ischemic/hemorrhagic) or based on timing
(early/delayed). However, in most studies it was not clearly defined what was con-
sidered as a complication and what type of complications were reported.

Furthermore, some authors reported the treatment-related mortality rate without
specifying cause of death for cases they classified as disease-related deaths. It was not
always clear whether or not a complication, and perhaps death, was treatment or dis-
ease-related. We recommend presenting both the all-cause mortality and treatment-
related death rate. A detailed description of cause of death should be provided for
cases with disease-related death in order to make verification possible. This also
applies to permanent neurologic deficit caused by (treatment-related) complications.

Future Research

Since the true complication rate and rate of unfavorable clinical outcome may be
higher than sketched by results of previously published meta-analysis, future
research is required.

Patient and aneurysm characteristics, thus the indication for FD treatment in the
acute SAH phase, are a key aspect which should be addressed more often. Interesting
knowledge would be the rate of patients that have been up for discussion for FD
treatment in the acute SAH phase, but have been assigned to other treatment modal-
ities or no treatment. Flow diversion is often regarded as a ‘last resort’ treatment
option in the acute SAH phase. If complications are anticipated by the multidisci-
plinary team, it could be decided not to treat a patient. However, in case those
patients would be treated anyway, which could be advocated when flow diversion is
the only feasible option, a poor outcome is more likely to be the result.
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Furthermore, authors should improve homogeneity of reporting of complica-
tions. They should clearly state what is considered a complication and also explic-
itly state whether all complications, regardless of their clinical significance, were
reported or only the ones with clinical sequelae. Only when we have a full transpar-
ent overview of all complications and patients’ clinical outcome, we can make more
valid comparisons with other treatment modalities and be able to select a defined
subgroup that can possibly profit from FD treatment in the acute SAH phase.

Conclusion

Only (very) low quality evidence is available regarding the use of flow diverters for
patients in the acute aneurysmal SAH phase, defined as 15 days after last moment
of hemorrhage. The rate of complete aneurysm occlusion is probably overestimated,
but seems to be fairly high. However, the true rate of favorable clinical outcome may
be lower than rates found by published meta-analyses. Smaller studies, which are
more prone to selection and publication bias, tend to show more positive outcomes,
which in turn distorts the final outcome when included in a meta-analysis. This also
applies to the complication rate. When no other treatment options are deemed fea-
sible, flow diversion can be considered in a selected subgroup. However, one must
always consider the possible (high risk of) complications inherent to the use of flow
diversion treatment in this setting. Additional research is required and should focus
on the indication for intended use of flow diverters in the acute SAH setting and a
homogeneous way of reporting complications and clinical outcome.

Funding No specific funding from either commercial or non-commercial organizations was
received for the research and writing of this chapter.

Box
What is known?

Flow diversion as treatment for recently ruptured aneurysms seems to
yield a high complete occlusion rate. Two meta-analysis about this topic, with
overlapping study population but different inclusion criteria, reported fairly
high rates of favorable clinical outcome. Reporting of (treatment-related) var-
ies considerably among published studies.

What is new?

Only (very) low quality evidence regarding the use of flow diverters in the
acute SAH phase is available. Publication and selection bias seem to be impor-
tant types of bias distorting the final results of meta-analyses, with larger series
tending to report especially more negative results regarding clinical outcome.

Consequences for clinical practice

Flow diversion should be considered last resort option in the treatment of
recently ruptured aneurysms. When no other treatment option is deemed fea-
sible, the use of FDs can be considered. However the high rate of complica-
tions should be kept in mind. Rationale behind choice for FD treatment in this
setting should be documented properly and should be subject of future research.
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Controversies in Deep Brain Stimulation
Surgery: Micro-Electrode Recordings

Jeroen Habets, Bethany Isaacs, Saman Vinke,
and Pieter Kubben

Introduction

Deep brain stimulation (DBS) of the subthalamic nucleus (STN) was first applied as
a neurosurgical intervention technique for Parkinson’s disease (PD) in the 1990s
and has since become a widely accepted practice. Bilateral STN-DBS has been
proven to be significantly improve levodopa-responsive parkinsonian symptoms
and quality of life compared to best medical treatment alone [1, 2]. DBS is generally
considered in patients only when pharmacological treatment does not respond in
sufficient effect any longer or leads to unacceptable adverse effects. Stimulation of
the subthalamic nucleus (STN) is the most common practice since it results in more
time in well-treated ‘ON-condition’, though the internal segment of the globus pal-
lidus (GPi) is also a possibility [3, 4]. While DBS of the STN specifically is effec-
tive for a majority of patients in relieving the motor related symptoms of PD, a
fraction of patients will fail to witness such beneficial effects. Moreover, DBS
patients may develop a number of side effects spanning a range of domains, from
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speech and gait impairments to cognitive decline and impulse control disorders, as
well as psychiatric and emotional disturbances.

The first two concepts here are a product of accurate target identification and
verification, which can be achieved via pre-operative magnetic resonance imaging
(MRI) and or intraoperative microelectrode recordings (MER). This chapter will
attempt to determine whether MRI with or without additional intraoperative MER-
guidance is most effective method for target identification and verification in DBS
via a structured literature review. Additionally, we will discuss some advantages,
caveats and outstanding complications for both methods. In this chapter we will
focus on STN-DBS for PD.

Originally, MER was seen as the golden standard for anatomical verification
of a target. In this method, the leads are placed in the brain based on standard
atlas coordinate applied on a preoperative MRI of the patient. Through macro-
stimulation of functionally distinct portions of the STN along with behavioural
and clinical tests, MER can spatially map out the optimal location for DBS lead
placement [5].

However, the verification via MER requires that the patient be awake and tested
during DBS implantation. The patient’s awake response on the intra-operative stim-
ulation regarding motor symptoms and adverse effects can influence the final lead
placement. Moreover, MER signals will be influenced by general anaesthesia. This
is time consuming, stressful and causes a lot of anxiety for patients. Originally con-
troversial, but steadily gaining popularity is the use of pre-operative MRI for target-
ing and intra operative MRI or CT for identifying lead location, rather than
MER. This approach allows the patient to be under general anaesthesia, and has
been shown to be equally as effective as MER [6-8]. Despite of many studies, some
contradictions stay unsolved. For example, on the one hand supporters of MER sug-
gest optimal final lead placement can deviate from the (MRI or atlas based) planned
target by using intraoperative MER [9]. While, on the other hand opponents of MER
suggest image-guided and verified surgery can reduce intra-operative brain-shift
and accompanying lead inaccuracy, especially in the second placed lead [10].

Relatedly, the overall success of traditional target identification and implantation
still will depend on a number of factors; namely the existing knowledge of the
anatomy of the STN and surrounding structures, counteracting intra operative brain
shift and the use of multiple leads for MER. Furthermore, modern technical
advances offer new possibilities which might positively influence the outcome of
lead placement and clinical outcome, however they are bring their own consider-
ations. Some of them are pre-operative ultra-high field MRI, multimodal image
techniques such as diffusion and functional MRI, personalized stimulation param-
eters and calculation of surrounding tissue activated outside of the target by stimu-
lating with directional steering leads.

The following chapter therefore consists of a literature review of DBS of the STN
in PD patients using both, or either MRI and MER, as well as papers discussing the
aforementioned factors which are deemed essential for successful DBS, though
remain subject to personal preference.
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Methods

To collect relevant and recent literature we performed a literature search in the
Pubmed database with the search string: “((micro electrode recording) OR (micro-
electrode recording) OR MER) AND (MRI OR MR OR (magnetic resonance
imag#)) AND (DBS OR (deep brain stimulation)) AND (STN OR (sub thalamic
nucleus) OR (subthalamic nucleus))” on 18-07-2018, with a limitation of publica-
tion date within 10 years, which gave us 73 potential articles. We included three
papers from cross-references.

We excluded 38 papers based on title. From the 38 full-articles, we excluded 18
articles because they had non-human subjects, described alternative methods
besides conventional MRI-guided or MER-guided stereotactical DBS surgery, used
non-STN targets or were non-original articles.

We included 20 articles for the qualitative evaluation we describe in this paper.
Included articles are rated following the GRADE criteria for quality of evidence
(https://bestpractice.bmj.com/info/us/toolkit/learn-ebm/what-is-grade/). Since this
literature is very heterogenic, we did not perform a quantitative meta-analysis on
clinical outcome, e.g. UPDRS or quality of life sores, or on anatomical outcome,
e.g. millimetres deviation per MR-field strength or percentage of central MER-
recordings used for final lead-implantation.

PRISMA Flow Chart
Records identified through Additional records identified
Identificati database searching through other sources
entification (n=73) (n=3)

Records after duplicates removed

(n=76)
Records screened Records excluded on title
(n=76) (n=38)

Eligibility Full-text articles assessed Full-text articles excluded

for eligibility (n = 38) based on full-text (n = 18)
(n=37) (n=18)

Included Studies included in

qualitative synthesis (n = 20)
(n=19)
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Results

We formatted the results section as two tables, comparing the included literature which
is arguing in favour and against the additional use of intraoperative MER. Besides, we
give an overview of current literature on the role for new techniques and modalities in
improving MRI-guided targeting. Since different endpoints are used as outcome param-
eters in the literature, and most studies use different methodologies, we give a compre-
hensive, tough understandable, overview of the current opinions and evidence on this
topic. We tried to summarize the concluding decisive of the authors in comparable argu-
ments in order to enable a quick comparison of the actual opinions.
In favour of MER-guided targeting, using 1.5- or 3-Tesla MRI

References | Study design Arguments

Amirnovin | Comparing 1.5T-MRI coordinates —58% of locations changed based on
etal. [11] with final placement based on MER MER and testing
and intraoperative testing

Temel etal. | STN DBS with single (n = 32) vs. — Multiple MER trajectories lead to
[12] multiple (n = 23) intraoperative MER better postoperative rigidity and
electrode recordings tremor without more complications

— Multiple MER trajectories induced
mild declines in memory function

Bour et al. Comparing central MER trajectory — Final trajectory was according MRI in
9] (based on 1.5T-MRI) with final 50%, final depth was within 1 mm
electrode trajectory range of MRI-target in 57%
— 64% of final channels was channel
with best MER activity
Schlaier Comparing posterior STN-border —44% of MER STN volumes were
etal. [13] based on 1.5T-MRI vs. MER larger than the MRI STN volumes

—46% of MER STN being
incompatible with the MRI STN
Reck et al. Comparing DBS STN surgeries with | — Significant better UPDRS III outcome

[14] 1.5T-MRI targeting and MER- in MER vs. non-MER
guidance with (n = 32) vs. without —In 27% MER-guidance lead to
(n = 10) intraoperative stimulation trajectory adjustment
Schlaier Comparing 1.5T-MRI defined STN — 16/42 active contact points beyond
etal. [15] vs. location defined as STN based on MRI defined STN borders
MER
Longhi Comparison of accuracy of 1.5T-vs. |- 1.5T: 2/12; 3T: 21/28
etal. [16] 3T-MRI in predicting final electrode | — Better clinical performance in 3 T
location group

— MER to determine lead deepness and
prevent adverse effects
Rabie et al. | Direct targeting based on 3T-MRI vs. | — Significant different Euclidian

[17] indirect targeting based on distances between 3 T-MRI
stereotaxic atlases and comparing coordinates and final coordinates
MRI-coordinates with final based on MER and intra-operative
implantations testing

— MER has increased spatial resolution

Nowacki Comparing targeting accuracy of — Average difference between STN

etal. [18] 3T-MRI in 78 MER-verified crossing lengths: 0.28 mm
implanted DBS electrodes —In 43% the deviation was more than

1 mm
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References | Study design Arguments
Lozano Evaluation of 100 consecutive DBS — 18% corrected based on MER in first
etal. [19] STN surgeries: comparing direct and side, 20% corrected in second side

in-direct targeting (1.5T-MRI) and
MER-guided target adjustments

— Intraoperative electrophysiology or
MRI is needed next to MRI-targeting

In favour of MRI-guided targeting, without additional MER, using 1.5- or 3-Tesla

MRI
Reference | Study design Arguments
Foltynie Description of cohort one-year — Mean UPDRS during off-medication:
etal. [20] | after 1.5T-MRI-guided STN DBS, 28 points, 52%
without additional MER (n=79) |- Dyskinesia severity from 3.2 to 1.6 points
(UPDRS 1V)
— Mean levodopa reduction 39%
— Mean DBS: 3.0 V, 60 microseconds, 139 Hz
Nakajima | Comparison of two cohorts: local | — Comparable improvement of UPDRS-IIT
et al. [6] anaesthesia with MER and clinical (general: 52.8% vs. local: 50.8%) and LED
testing (n = 68) vs. general reduction (general: 50.8%, local: 60.2%)
anaesthesia without MER or — No comparison on DBS settings
intraoperative stimulation (n = 14)
Aviles- Same cohort as Foltynie et al. — Off-medication UPDRS improvement remained
Olmos [20]; 5 year followup (n =41) and 70% for tremor, 50% for rigidity and
etal. [21] | 8 year followup (n = 12) bradykinesia improvement decreased from 46%
to 23%
Liuetal. | Comparison of two retrospective — Similar improvement after 1 year in off-
[22] cohorts: implantation without medication UPDRS (resp. 65% vs. 66%) and
MER based on 1.5T T2 MRI quality of life (resp. 44% vs. 50%); similar
(n=61) vs. implantation with levodopa reductions
MER guidance (n = 76)
Brodsky Comparison of two cohorts (STN | — No significant difference in UPDRS II and III
et al. [23] | subgroups): asleep implantation improvement, no subscores for STN/GPi
without MER (n = 7) vs. awake seperately
implantation with MER (n = 18) — Asleep cohort was superior on quality-of-life,
cognition and communication/speech outcomes
Leeetal. | Evaluation of 45 consecutive DBS | — Side effect thresholds during initial programming
[24] STN surgeries: either asleep were slightly lower in the MER group

without MER and intraoperative
testing, or MER-guided DBS with
intraoperative testing

— No significant difference in the reduction of
clinical symptoms or medication dosage was
observed

Studies using alternative MRI techniques as ultra-high field MRI and suscepti-
bility weighted sequences

Reference | Study design Arguments and conclusions
Polanski Comparing 182 MER trajectories | — Recommendation for SWI MRI based on
etal. [25] |from 42 STN’s vs. T2, FLAIR and sensitivity, specificity and negative pred. value
SWI 3T-MRI — Reserved to advise DBS without MER
McEvoy Comparing 3T MRI SWI STN-SN | — SWI MRI demonstrates reliable STN delineation
etal. [26] | border on coronal plane with MER
activity in 7 DBS STN surgeries
Verhagen | Comparing dorsal and lateral STN | — 7T decreased variance between dorsal + lateral
etal. [27] |borders on 1.5T, 3T and 7T T2 MRI and MER borders

MRI vs. computational MER-STN
model

— 3T and 7T STN borders more dorsal than MER
— 7T SWI should be explored besides 7T T2
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Reference | Study design Arguments and conclusions
Botetal. | Comparing STN targeting based — MER STN activity in 84% of MRI target
28] on T2 and SWI 1.5T and T2 3T trajectories
with MER STN activity — 1.5T SWl inferior to 1.5T T2
Busetal. | Compare STN activity in MER — Low correspondence of ventral and dorsal MRI
[29] trajectories (visualized with STN borders with MER STN activity
intra-operative CT) vs. 3T T2 and | — 3T SWI MRI decreases false-positive MRI-
SWI MRI based STN targets
— Only 42% of central SWI-based trajectories
targeted final electrode placement

Discussion

While advancements in MRI acquisition and analysis techniques such as ultra-high
field and diffusion tractography have greatly advanced and have the potential to be
used for neurosurgical purposes like DBS, their application within the clinics has
been severely limited [30-32]. The combined literature fails to provide a single
favourable approach for DBS targeting. This is in part due to the differences in both
the method and the outcome determinant. For instance, some studies report differ-
ences in the planned target in relation to the actual location as determined on CT, or
by the deviation identified with MER. Others determine treatment efficacy by dif-
ferences in pre and post-operative LED response and UPDRS scores. The manufac-
turers of both software and hardware used for surgical planning (e.g. Medtronic,
Abbott, Boston Scientific) differs across DBS centres, as do the number of MER
test electrodes used, types of MRI (e.g. 1.5T, 3T, 7T), vendors (e.g. Siemens,
Phillips, GE), sequences and scan parameters (e.g. contrasts, voxel size). The num-
ber of patients also differs greatly across studies, which is a threat to statistical
power in group-based analyses. Different surgeons can even be a confounder in
such cross comparisons.

Some studies suggest that intraoperative MER can significantly improve the out-
come of DBS of the STN [33]. Whereas others will argue that while targeting
through standardized atlases are unreliable, the addition of MER fails to signifi-
cantly improve STN DBS [34]. Following the trend of individualized and person-
alised medicine, direct targeting is certainly preferred over indirect targeting in
MRI, though this does not necessitate that MER is no longer required. Instead, the
increasing success of DBS will most likely depend on implementation of advanced
MRI techniques within the clinics. Relatedly, advancements in lead and electrode
hardware, such as the use of directional steering might play a role in the elimination
of MER in DBS surgeries [35].

Regardless, the clinical relevance attributed to MER by many authors cannot be
neglected. On one hand, it enables to measure nucleus specific neuronal activity, for
example, the beta activity of the STN which can be helpful in identifying the dorsolat-
eral boarders, reflecting the motor portion of the target. Additionally, MER allows for
direct behavioural testing, optimization of stimulation parameters and assessment of
potential side effects, which in theory collectively result in minimizing the occurrence
of post-operative side effects and maximising clinical benefit [36]. Obviously, the
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latter is no insurance for the absence of adverse effect though. However, identification
of specific nuclei and their subcomponents through MER was only necessary due to
the limitations of conventional MRI techniques, which traditionally lacked the con-
trast and spatial resolution required for the desired level of anatomical accuracy [25,
37, 38]. Moreover, DBS surgeries still heavily rely on the application of standardized
coordinates and atlases, referred to as indirect targeting. Such an approach is errone-
ous given the well documented heterogeneity of deep brain structures. For instance,
the STN is known to shift in the lateral direction with age as well as decrease in vol-
ume with disease; such alterations are not captured with stereotaxic atlases which can
lead to suboptimal placement of electrodes.

However, the application of ultra-high field MRI and advanced multi modal
approaches has the potential to revolutionize current practices. The increased signal
and contrast offered by UHF MRI allows for sharper and more accurate visualisa-
tion of deep brain structures within a clinically feasible time frame [39—46]. The
combination of diffusion tractography and functional MRI allow for the identifica-
tion of both functional and structural networks which can provide additional infor-
mation in relation to optimal DBS placement, which can additionally be used to
inform on the potential volume of tissue activated and with connected networks,
which is useful for predicting clinical outcomes. Relatedly, novel contrasts that
exploit the paramagnetic properties of iron rich basal nuclei such as susceptibility-
based contrasts and quantitative maps can be used to better visualize such DBS
targets on 7T compared to 3T [22, 47-53].

Moreover, low field strength intra operative MRI (iMRI) can be used to monitor
in real time the location of DBS leads. Although that low field strength MRI is noto-
rious for suboptimal visibility of the STN, there are positive reports on the use of
iMRI during DBS. Improved motor symptoms comparable to MER-guided DBS are
reported for DBS using 1.5-T-iMRI techniques [54]. Reliance purely on radiologi-
cal and neuroimaging techniques in theory leads a reduction in the additive surgical
risks of MER usage, decreased operation time and increased perioperative patient
wellbeing since surgery can be performed under general sedation and pre-operative
dopamine-withdrawal can be excluded [55, 56]. The statement whether major surgi-
cal risks such as bleeding will decrease is debatable, since the use of multiple MER
trajectories did not increase surgical risks compared to the use of a single MER
trajectory [12]. However, leads placed in a single penetration, in a faster time frame,
when based on MRI, can potentially limit the occurrence of brain shift by reducing
CSF loss [24]. Further, a cost analysis showed MER more than doubles the price of
a bilateral STN DBS surgery in the United States [57].

However, the use of UHF MRI in DBS should be applied with caution.
Firstly, the deep brain structures like the STN are located in the middle of the
brain, which means that the signal to noise ratio is substantially lowered com-
pared to the cortex [44, 58—60]. This is important when considering the require-
ment of acquiring scans in a clinically feasible window especially for PD
patients, given the potential for accumulative movement artifacts, though meth-
ods do exist for motion correction [61]. Secondly is the requirement of post
processing techniques and expertise outside of a standard clinical setting, which
is especially true for tractography and functional MRI [62]. And thirdly, the
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absolute requirement of an accurate co-registration between pre, intra and post-
operative MRI-MRI and or MRI-CT. Therefore, error can occur during the ini-
tial targeting on MRI and transformation to a stereotaxic coordinate system on
CT, and during the intra and post-operative MRI and or CTs acquired for lead
localization. This argument exists still for 1.5 and 3T clinical scans though
appears to be more difficult to account for at 7T. Suboptimal fusion can lead to
geometrical errors of up to 3 mm [63]. If we rely purely on neuroimaging, these
errors cannot be accounted for.

A reasonable conclusion would be that when MRI based targeting does not
result in an intraoperative deviation significantly more than when based on tar-
gets are based on MER, MRI should be preferred [64]. This doesn’t suggest that
MRI is significantly better than MER but rather it is a viable and attractive
alternative given MRI guided DBS allows the patient to be fully anesthetized,
and eliminating the need for behavioural feedback and intra operative testing
[54, 65-73]. What remains so far unanswered is whether direct targeting via
MRI guided DBS reduces the risk of reimplantation compared to DBS pre-
formed with MRI and or only MER.

Conclusion

Literature is inconclusive regarding the added value of intraoperative MER during
DBS surgery. Studies in favour of this technique use different endpoints then studies
which do not find added value. This chapter provided an overview of these various
arguments. For the near future, we expect decision making regarding “awake MER”
versus “asleep MRI-guided” DBS to be made on an individual patient level, taking
in to account the clinical presentation, MR imaging characteristics, experience with
directional steering, and patient preference. Clinical trials comparing both methods
will be needed to address this issue further.

Summary Box
What is known?

Supporters of MER suggest optimal final lead placement can deviate from
the MRI-based planned target by using intraoperative MER. Opponents of
MER suggest image-guided and verified surgery leads to satisfying post-
operative results and can reduce intra-operative brain-shift and accompanying
lead inaccuracy, especially in the second placed lead.

Technological developments in imaging and stimulating electrodes might
influence this discussion.

What is new?

Available literature is still inconclusive regarding the added value of intraop-
erative MER during DBS surgery and consists of heterogenous studies using
different endpoints.



8

Controversies in Deep Brain Stimulation Surgery: Micro-Electrode Recordings 105

Image guided and verified DBS surgery is not significantly better than
DBS surgery using intra-operative MER but rather it is a viable and attractive
alternative which allows the patient to be fully anesthetized.

Modern MRI techniques, for example ultra-high field imaging, are not
used on a scale yet that they can contribute to the regular care in most
hospitals.

What are the consequences for clinical practice?

Decision making regarding “awake MER” versus “asleep MRI-guided”
DBS will vary per individual patient, taking in to account the clinical presen-
tation, MR imaging characteristics and patient preference.
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Chiari Malformation: Posterior Fossa
Decompression With or Without
Duraplasty?

Alexander Perdomo-Pantoja, Rajiv R. lyer,
and Alan R. Cohen

Introduction

The term “Chiari malformation” describes a group of congenital hindbrain anoma-
lies described by pathologist Hans Chiari at the end of the nineteenth century [1]. In
the first of a series of articles, Chiari reported a 17-year old woman whose autopsy
unveiled “elongation of the tonsils and medial divisions of the inferior lobules of the
cerebellum into cone-shaped projections which accompany the medulla oblongata
into the spinal canal” [2]. Since this 1891 report, the classification system of Chiari
malformations has evolved, along with a better overall understanding of the patho-
physiology, clinical manifestations, and diagnostic workup for patients with Chari
malformations. The etiology of Chiari I malformation (CIM) is still unknown, but it
is thought to be due to a defect of the paraxial mesoderm that leads to underdevelop-
ment of the occipital somites [3, 4]. Sgouros et al. [5] studied the deficient growth
of the posterior skull base with computer-aided 3D analysis in 30 CIM patients, and
found abnormal geometrical measurements of the entire skull base, and also a
smaller posterior fossa volume that correlated with the presence of concurrent
syringomyelia.

Currently, CIM is defined as a caudal displacement of the cerebellar tonsils
below the foramen magnum by 3-5 mm. Elster and Chen considered that 5 mm is
an adequate cut-off for unilateral tonsillar herniation, while a 3-5 mm cut-off is
more suitable for the bilateral tonsillar herniation [6, 7] (Fig. 9.1). However, our
understanding of this disease has been evolving in the recent years. It has become
more apparent that CIM may not be a homogeneous entity, as possible subgroups of
patients with different radiographic characteristics and outcomes have been postu-
lated. Some of these proposed subcategories are the Chiari 0 malformation
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Fig.9.1 Sagittal
T2-weighted MRI scan
showing findings
compatible with CIM with
descent of the cerebellar
tonsils approximately 3 cm
below the level of the
foramen magnum. Normal
appearance of the upper
cervical spinal cord
without evidence for syrinx

(crowding of the foramen magnum with tonsils in normal position), “Chiari 1.5
malformation” (caudal displacement of the brainstem and fourth ventricle through
the foramen magnum), as well as “physiological” tonsillar ectopia in infants [1].
Brockmeyer and Spader [8] proposed the “Complex Chiari malformations” as a
particular subgroup of pediatric patients, which features a Chiari 1.5 malformation,
medullary kinking, retroflexed odontoid, abnormal clival-cervical angle, occipital-
ization of the atlas, basilar invagination, and syringomyelia. The widespread avail-
ability of magnetic resonance imaging (MRI) has also increased detection of CIM,
with prevalence estimates reported to be around 0.77% [9]. There is also a female
preponderance, with a female-to-male ratio of 3:1 [10]. According to Speer, around
215,000 individuals in the United States may be affected with CIM with or without
syringomyelia [11].

The clinical spectrum of CIM can be age-related and can involve multiple aspects
of the central nervous system (CNS) [3]. Occipital pressure-like headaches irradiat-
ing to the neck and shoulders are commonly seen in adults, but other associated clini-
cal symptoms can also involve the visual system, vestibular system, lower cranial
nerves, cerebellum, and sensory and motor tracts [10]. Headaches are often aggra-
vated by Valsalva maneuvers, effort, straining, coughing and neck extension. Clinical
presentation of CIM differs between infants and children over the age of 3 years [12].
Infants typically display oropharyngeal symptoms, sleep apnea, and other signs of
cranial nerve dysfunction, whereas older children exhibit headaches worsened by
Valsalva as well as progressive syringomyelia-related scoliosis [12, 13]. The diagno-
sis can often be made by correlating clinical manifestations with the radiological
findings, with MRI the modality of choice for measurement of the tonsillar ectopia
in relation to the McRae line drawn between the basion and opisthion [9].

Surgical intervention is the treatment of choice for symptomatic CIM, with the sur-
gical goal being to restore normal cerebrospinal fluid (CSF) flow at the foramen mag-
num by anatomical expansion of this region. While posterior fossa decompression
(PFD) is the treatment of choice for symptomatic CIM patients, much controversy
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exists regarding specific surgical techniques needed to accomplish this goal [3].
Possible techniques include bony decompression alone, bony decompression with
dural opening and duraplasty with autografts or allografts, dissection and opening of
the arachnoid, cauterization and reduction of the cerebellar tonsils, syrinx manage-
ment, and others [14]. While a variety of techniques have been described, an ongoing
central debate exists regarding the need for duraplasty in addition to bony posterior
fossa decompression for CIM. This topic has received great attention in both the pedi-
atric and adult neurosurgical communities. Several systematic reviews and meta-anal-
yses have attempted to address this topic, but a lack of a well-controlled randomized
study has failed to establish one surgical technique as superior [14—17]. The continued
ambiguity related to this topic warrants further investigation and begs the question
regarding management of symptomatic CIM patients: should one perform a posterior
fossa decompression with or without duraplasty?

Methods

We performed a systematic review and meta-analysis according to the Preferred
Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) guidelines
[18] to analyze outcomes of CIM patients who underwent PFD with or without
duraplasty. English-language clinical articles published from January 2000 to
January 2018 were considered eligible. Inclusion criteria included peer-reviewed
articles that compared PFD alone versus posterior fossa decompression with dura-
plasty (PFDD) with reported clinical outcomes and complications. Studies evaluat-
ing additional techniques or maneuvers (such as tonsillar reduction, or graft type)
were excluded. Ongoing prospective trials, reviews, abstracts, expert opinions,
commentaries, case series of <15 patients, and textbooks were also excluded.

The search strategy was planned along with a Johns Hopkins University Welch
Medical Library Clinical Informationist, who performed the search based on the
Peer Review of Electronic Search Strategies (PRESS) guidelines [19] utilizing the
following databases: PubMed, Embase, Cochrane Library, CINAHL, Web of
Science, Scopus, and Clinicaltrials.gov. The obtained references were imported to
the Covidence platform (www.covidence.org, Melbourne, Australia), and under-
went two-stage screening for study relevance by two independent reviewers (A.P.
and R.1.), first by title and abstract, and then by full-text. Finally, the quality of the
evidence of the articles selected was assessed by the same reviewers using the
Grading of Recommendations Assessment, Development, and Evaluation (GRADE)
system [20], prior to data extraction.

Data extracted included the type of procedure (PFD alone vs. PFDD), age, sex,
study design, the presence of a syrinx, follow-up duration, and various clinical
outcomes.

All statistical analyses were performed using Comprehensive Meta-Analysis
Software version 3 (Biostat, Englewood, NJ). Pooled patients from all included stud-
ies were categorized into PFD and PFDD subgroups. Next, particular outcomes were
compared between both subgroups. Outcomes evaluated included clinical improve-
ment, syringomyelia resolution, complications rate (CSF leak, aseptic meningitis,
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wound infection, pseudomeningocele) and reoperation rate. Each outcome of interest
was dichotomous and reported with Mantel-Haenszel (MH) odds ratios (ORs) and
95% confidence intervals (Cls). A fixed-effect model was applied and the assessment
of the consistency (test of heterogeneity) of the meta-analysis was calculated using
the Q and P-statistics. The I>-statistic matches the actual percentage of total variation
between studies that are considered to be due to real differences in event rates. -
values less than 25% were recognized as appropriate homogeneity for pooling, while
25-75% as moderate heterogeneity, and more than 75% as severe heterogeneity [21].
P values of <0.05 were considered statistically significant.

Results
Search Strategy and Selection Process

The PRISMA guideline (18)-based search and selection process is summarized in
the flow diagram (Fig. 9.2). A total of 353 references were identified in the elec-
tronic databases listed. Twenty five were duplicates. The remaining 328 studies
underwent initial screening based on the title and abstract. Two hundred and seventy
three citations were excluded for lack of relevance for the aims of this study.
Consequently, 55 articles underwent a full-text assessment for eligibility, with 46 of
them being excluded for various reasons listed in the PRISMA workflow. Out of the
353 initial references, nine met the inclusion criteria and were included in this

353 References imported for screening

.....................................

328 Studies screened

.....................................

46 Studies excluded

20 Impossible to extract the relevant
outcomes

9 Additional interventions

5 Different surgery indications

4 Full article in Non-English language

8 Other reasons

9 Studies included

Fig. 9.2 PRISMA Diagram
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meta-analysis. All references in which supplemental procedures were evaluated,
such as arachnoid opening, tonsillar reduction or resection, etc.), were excluded.
Studies that did not directly compare PFD to PFDD were excluded.

Characteristics of Included Studies

Of the nine studies reviewed, design types included seven retrospective studies, one
prospective cohort study, and one randomized control trial (RCT). All studies pre-
sented surgical outcomes comparing both PFD and PFDD, with a total of 212 and
315 patients undergoing PFD and PFDD, respectively. Additional information,
including age, gender and length of follow-up, are shown in Table 9.1.

Clinical Outcomes

Clinical Improvement

Six studies [22-24, 28-30] reported the number and proportion of patients who
achieved post-operative clinical improvement in each subgroup (PFD vs. PFDD).
Mutchnick et al. [27] did not report specific clinical outcomes after each type of
intervention. Limonadi and Selden [26] presented outcomes with a 3-point scale
and analyzed the results comparing averages. Jiang et al. [25] reported their out-
comes using the Chicago Chiari Outcome Scale (CCOS) [31]. Therefore, it was not
possible to homogeneously analyze post-operative clinical improvement in these
three studies. Of the six studies with reported clinical improvement outcomes, 76 of
104 (73.1%) patients improved after PFD alone, and 158 of 197 (80.2%) improved
following PFDD (mean difference = 1.45, 95% CI1 0.82, 2.56, p > 0.05); heterogene-
ity test: p = 0.67, I> = 0% (Table 9.2A).

Syrinx Resolution

Post-operative syrinx status was reported in seven studies [23-26, 28-30]. Sixty
nine of 91 (75.8%) patients in the PFD group and 125 of 135 (92.6%) in the PFDD
demonstrated syrinx improvement (mean difference = 3.87, 95% CI 1.80, 8.32,
p < 0.05); heterogeneity test: p = 0.15, I> = 38.3% (Table 9.2B).

Complications

Allincluded studies reported post-operative complications rates [22—30]. Postoperative
complications were present in 17 of 212 (8.0%) patients in PFD group, while 80 of
315 (25.4%) patients experienced complications in the PFDD group (mean differ-
ence = 3.87, 95% CI 2.21, 3.77, p < 0.05); heterogeneity test: p = 0.50, I> = 0%
(Table 9.2C). We individually compared the following complications across study
articles: CSF fistula, aseptic meningitis, wound infection and pseudomeningocele.

e CSF fistula. Eight articles reported post-operative CSF fistula prevalence [22-26,
28-30]. CSF leak was present in 2 of 156 (1.3%) patients undergoing PFD, and
in 28 of 251 (11.2%) patients undergoing PFDD (mean difference = 4.96, 95%
CI 1.95, 12.6, p < 0.05); heterogeneity test: p = 0.32, I> = 14% (Table 9.3A).
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Table 9.2 Meta-analysis of clinical outcomes

A. Clinical Improvement

Author & year Statistics for each study

MH odds ratio and 95% Cl

MH Lower Upper Relative
odds ratio limit  limit Z-Value p-Value PFDD PFD weight
Chen, 2017 1.014 0.412 2499 0.031 0.975 49/70 23/33 + 48.31
Erdogan, 2010 0.550 0.082 3.682 -0.616 0.538 11/15 10/12 & 15.26
Gurbuz, 2014 2.705 0.638 11.458 1.351 0.177 17/21 11/18 11.62
Munshi, 2000 2.500 0.414 15.096 0.999 0.318 20/23 8/11 7.27
Romero, 2010 1.800 0.091 35424 0.387 0.699 9/10 5/6 3.22
Yilmaz, 2011 2.281 0.623 8.351 1.245 0.213 52/58 19/24 —1— 14.32
1455 0826 2563 1.207 0195 o
Heterogeneity: Q = 3.15, df (Q) =5 (p = 0.67); I” = 0%
genety @=56 ) : 0.01 0.1 1 10 100
PFDD PFD
B. Syringomyelia Improved
Author & year Statistics for each study MH odds ratio and 95% Cl
MH  Lower Upper He'“."‘::
odds ratio limit  limit Z-Value p-Value PFDD PFD weig
Erdogan, 2010 0.778 0.026 22.976 -0.145 0.884 10/11 4/4 12.14
Gurbuz, 2014 84.000 4.511 1564.257 2.970 0.003 12/13 1/8 1.46
Jiang, 2018 2.015 0.542 7.499 1.045 0.296 38/42 33/40 __._ 49.21
Munshi, 2000 19.000 0.769 469.213 1.800 0.072 9/9 3/6 3.15
Romero, 2010 11.000 0.373 324.521 1.389 0.165 5/5 2/4 3.47
Yimaz, 2011 1.922 0.386  9.563 0.798 0.425 41/45 16/19 —— 3057
3877 1806 8320 3.477 0.001 -
Heterogeneity: Q = 8.11, df (Q) =5 (p = 0.15); 1= 38.3% 0.01 0.1 1 10 100
PFDD PFD
C. Complications
Author & year Statistics for each study MH odds ratio and 95% Cl
MH Lower Upper Relative
odds ratio limit limit Z-Value p-Value PDFF PDF weight
Chen, 2017 1.529 0.598 3913 0.886 0.376 23/70 8/33 —'.— 50.26
Erdogan, 2010  7.000 0.327 150.063 1.244 0213 3/15 0/12 2.97
Gurbuz, 2014 6.800 0.733 63.110 1.686 0.092 6/21 1/18 5.30
Jiang, 2018 9.333 3.049 28569 3.913 0.000 24/42 5/40 — 15.11
Limonadi, 2004 3.261 0.120 88.347 0.702 0.483 1/12 0/12 3.04
Mutchnick, 2010 6.431 0.325 127.260 1.222 0.222 3/64 0/56 3.47
Munshi, 2000 7.692 0.840 70.457 1.805 0.071 10/23 1/11 5.26
Romero, 2010 2.143 0.169 27.103 0.589 0.556 3/10 1/6 6.02
Yilmaz, 2011 3157 0.367 27.165 1.047 0295 7/58 1/24 8.56
3874 2214 6777 4.745 0.000 R 2
Heterogeneity: Q = 7.25, df (Q) = 8 (p = 0.50); 1= 0% 0.01 0.1 1 10 100
PFDD PFD
D. Reoperations
Author & year Statistics for each study MH odds ratio and 95% Cl
MH Lower Upper Relative
odds ratio limit limit Z-Value p-Value PFDD PFD weight
Chen, 2017 0.089 0.004 1916 -1.544 0.123 0/70 2/33 * 15.75
Erdogan, 2010  0.786 0.044 14.026 -0.164 0.870 1/15 1/12 4.87
Gurbuz, 2014 0.583 0.112 3.043 -0.640 0.522 3/21 4/18 —a— 17.32
Mutchnick, 2010 0.226 0.045 1.136 -1.805 0.071 2/64 7/56 T 33.93
Munshi, 2000 0.081 0.004 1.847 -1576 0.115 0/23 2/11 15.31
Yilmaz, 2011 0.393 0.052 2.965 -0.906 0.365 2/58 2/24 — 12.82
0.293 0.127 0.673 -2.891 0.004 ‘
Heterogeneity: Q = 2.52, df (Q) = 5 (p = 0.77); P=0% 0.01 0.1 1 10 100

PFDD PFD
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Table 9.3 Meta-analysis of complications

A. CSF fistula
Author & year Statistics for each study MH odds ratio and 95% CI
MH Lower Upper Relative
odds ratio limit  limit Z-Value p-Value PFDD PFD weight
Chen, 2017 0.154 0.006 3.875 -1.137 0255 0/70 1/33 ‘ - - 38.11
Erdogan, 2010 7.000 0.327 150.063 1.244 0.213 3/15 0/12 8.16
Gurbuz, 2014  4.744 0.213 105.538 0.984 0325 2/21 0/18 9.00
Jiang, 2018 24.000 2.997 192.172 2994 0.003 16/42 1/40 12.00
Munshi, 2000 2.674 0.118 60.545 0.618 0537 2/23 0/11 = 11.30
Romero, 2010 3.824 0.155 94.130 0.821 0412 2/10 0/6 8.93
Yilmaz, 2011 3.090 0.154 62.133 0.737 0.461 3/58 0/24 - 12.50
4966 1.954 12620 3.368  0.001 P
Heterogeneity: Q = 6.98, df (Q) = 6 (p = 0.32); 1P =14.0% 0.01 0.1 1 10 100
PFDD PFD
B. Aseptic meningitis
Author & year Statistics for each study MH odds ratio and 95% Cl
MH  Lower Upper Relative
odds ratio limit  limit Z-Value p-Value PFDD PFD weight
Chen,2017 5775 1258 26.504 2255 0024 19/70 2/33 —— 46.49
Limonadi, 2004 3.261 0.120 88.347 0.702 0483 1/12 0/12 10.38
Munshi, 2000 1.5633 0.058 40.689 0.256 0.798 1/23 0/11 & 14.67
Romero, 2010  2.053 0.072 58.652 0.420 0674 1/10 0/6 12.39
Yilmaz, 2011 1.278 0.050 32487 0.149 0882 1/58 0/24 b 16.07
3708 1.237 11.111 2340  0.019 -
Heterogeneity: Q = 1.145, df (Q) = 4 (p = 0.88); =0% 0.01 0.1 1 10 100
PFDD PFD
C. Wound infection
Author & year Statistics for each study MH odds ratio and 95% CI
MH Lower Upper Relative
odds ratio limit limit Z-Value p-Value PFDD PFD weight
Chen, 2017 0.941 0.082 10.765 -0.049 0961 2/70 1/33 . 17.06
Gurbuz, 2014  4.000 0.404 39.583 1.185 0236 4/21 1/18 L 11.27
Jiang, 2018 2.000 0.345 11.578 0.774 0.439 4/42 2/40 . 23.96
Munshi, 2000  1.500 0.138 16.323 0.333 0739 3/23 1/11 L 15.20
Romero, 2010  0.556 0.028 10.933 -0.387 0699 1/10 1/6 L 14.54
Yilmaz, 2011 0.404 0.024 6.728 -0.632 0.527 1/58 1/24 - 17.97
1472 0584 3710 0819 0.413 -
Heterogeneity: Q = 2.19, df (Q) = 5 (p = 0.82); I° = 0% 0.01 01 1 10 100
PFDD PFD
D. Pseudomeningocele
Author & year Statistics for each study MH odds ratio and 95% CI
MH  Lower Upper Relative
odds ratio limit limit Z-Value p-Value PFDD PFD weight
Chen, 2017 0.225 0.020 2.571 -1.201 0.230 1/70 2/833 - 57.44
Gurbuz, 2014 2707 0.104 70.647 0598 0550 1/21 0/18 10.72
Mutchnick, 2010 4.520 0.212 96.170 0.967 0.334 2/64 0/56 10.98
Munshi, 2000 5.308 0.261 107.814 1.086 0.277 4/23 0/11 11.61
Romero, 2010 3.316 0.120 91.601 0.708 0.479 1/10 0/10 9.26
1839 0581 5815 1.037  0.300 -
Heterogeneity: Q = 3.84, df (Q) = 4 (p = 0.42); 2= 0% 0.01 0.1 1 10 100

PFDD PFD
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e Aseptic meningitis. Five studies reported on post-operative aseptic meningitis
[22, 26, 28-30]. Aseptic meningitis was observed in 2 of 86 (2.3%) patients
undergoing PFD, and in 23 of 173 (13.3%) patients undergoing PFDD (mean
difference = 3.70, 95% CI 1.23, 11.11, p < 0.05); heterogeneity test: p = 0.88,
I? = 0% (Table 9.3B).

e Wound infection. Six studies described the proportion of patients who developed
a wound infection [22, 24, 25, 28-30]. Seven of 132 (5.3%) patients who under-
went PFD, and 15 of 224 (6.7%) patients who underwent PFDD experienced
post-operative wound infections (mean difference = 1.47, 95% CI 0.58, 3.71,
p > 0.05); heterogeneity test: p = 0.82, I> = 0% (Table 9.3C).

e Pseudomeningocele. Five studies reported the number of patients who developed
post-operative pseudomeningocele [22, 24, 27-29], which was present in 2 of
128 (1.6%) patients undergoing PFD, and in 9 of 188 (4.8%) patients undergoing
PFDD (mean difference = 1.83, 95% CI 0.58, 5.81, p > 0.05); heterogeneity test:
p=0.42, > =0% (Table 9.3D).

Reoperation

The reoperation rate was reported in six of nine articles [22-24, 27, 28, 30]. Across
these studies, 17 of 154 (11.0%) PFD patients underwent reoperation, while 8 of
251 (3.2%) PFDD required additional surgery (mean difference = 0.29, 95% CI
0.12, 0.67, p < 0.05); heterogeneity test: p = 0.77, I> = 0% (Table 9.2D).

Quality Assessment (Level of Evidence)

Quality of evidence ratings were conducted based on the GRADE guidelines [20,
32-36]. The assessment of article quality was performed for each individual out-
come listed above, evaluating limitations (including risk of bias) [32], inconsistency
[33], indirectness [34], imprecision [35], and publication bias (Table 9.4) [36].
Given the dearth of RCTs comparing PFD and PFDD the overall quality of evidence
rated low in the majority of outcomes evaluated.

Risk-Benefit Analysis of PFD Vs. PFDD

A summary of the advantages and disadvantages of PFD vs. PEFDD for CIM is given
in Table 9.5.

Discussion

In this report, we performed an evidence-based systematic review and meta-analysis
evaluating outcomes for CIM patients undergoing PFD alone compared to PFDD. In
order to most accurately compare PFD to PFDD for CIM, we conducted a wide
search net to capture a high percentage of articles relevant to this topic and used
stringent inclusion criteria for our subsequent meta-analysis. Based on our analysis,



A. Perdomo-Pantoja et al.

120

Kyserdemp yrim uorssardwooap essoj 101191s0d (77 d ‘uo1ssa1dwodap essoj 10110)s0d (7,14 ‘[l [01U0D PIZIWOpUel 7)Y 1104od 2andadsord Hg ‘oanoadsonoy 41y

(6€1-87)
M0 0001 Xod (§9°'0-21°0) vorsroaxdwir | ssouloaIIpur | AOUQISISUODUL | SUOHRIIWI]
() LouwrgL | 0001/0TT 8C°0 16¢/8 | ¥SI/LT | P1o99pu[) | SNOLIS ON | SNOLISS ON SNOLIdS ON | SNOLLS ON | d.LY (9) uonerodoay
;0T | Juedoyrudis #6'€1-L9°0) vorsroaxdwir | ssouloaIIpur | AOUQISISUODUL | SUOTRIIWI]
(+H)(+) 10N 0001/S1 90°¢ 881/6 8TI/T | PAI0AIAPU[) | SNOLIS ON | SNOLIAS ON SNOLIdS ON | SNOLIdS ON | LY (S) | Q[edo3uruawopnasq
;0T | Juedoyrudis (10°€-2S°0) vorsroaxdwir | ssowoaripur | Aoudsisuodur | suoneywl | DY (1)
(H)(+) JON 0001/€S 9Tl YCT/ST CEI/L | P102)epU[] | SNOLLSS ON | SNOLISS ON SNOLIdS ON | SNOLLS ON | ‘d.LY (S) UonoJUl puUNoOm
(0L1-8€)
YSiyg (+) 0001 1od (89°€Z-LET) uorsroardwr | ssoujoaIIpul | AOUQ)SISUOIUT | SUOT)RIIWI] od (1)
(H)(H)H) | 1omay 601 0001/€C 1Y €LI/ET 98/C | Pa1o2ipu[] | SNOLIDS ON | SNOLISS ON SNOLIGS ON | SNOLIdS ON | ‘LY (p) | sniSuruow ondosy
(rr1-29) 1o¥ (D
ySiy (+) 0007 Tod (10°9¢-01°2) vorstoardwr | ssowoarpur | Aoud)sisuodur | suoneywir] | DJ (1)
(H)(H)(+) 19M3J 86 0001/€1 0L'8 16¢/8¢ OC1/C | Pa1o93opu[] |  SNOLIBS ON | SNOLISS ON SNOLIdS ON | SNOLAS ON | d.LY (9) B[Sy 4SO
(ze-011) 109 (1
QIRISPOIN 0001 tod (81°6—€6°1) uotstoardwr | ssowoaripur | Aoud)sisuodur | suoneyw | ‘Dd (1)
() | M €LT 0001/08 9I'¢ SI€/08 | CIT/LT | P1o9epu[) | SNOLS ON | SNMOLISS ON SNOLIdS ON | SNOLdS ON | dL¥ (L) suonearduwo)
(0LT—cL) LO¥ (D)
Mo 0001 1od (8€T-L0°T) uorsroardwir | ssowoanpur | Adu)sisuoour | suoneywl | ‘Dd (1) JuawaAoxduur
(+)(+) | em0W 9T | 0001/8SL Tl sel/sel 16/69 | Pao9)opu[) |  SNOLDS ON | SNOLIdS ON SNOLIdS ON] | SNOLIdS ON | ‘d.LY (S) erjoAwosuLAg
MO | JuedyIuSIS (ST 1-S6°0) uorsroardwir | ssowpodnrpur | ASUQ)SISUOSUL | SUONRIIWI] JuawaAoxduur
(+H)(+) JON | 0001/0€L 601 | L61/8ST| ¥OI/9L | P10919pu[] |  SNOLISS ON | SNOLIdS ON SNOLIdS ON | SNOLIdS ON | d.LY (9) [edruty
Aiend) (ID %S6) | st [onuo) (1D %S6) aadd add serq | uorstoarduwi] | SsouoANpu] | ASU)SISUOU] | SUORIIWI] ugisop sawodNQ
QOUAIAIJIP NSH A[oAnR[oY uonearqng Apnmys
R pue #
YSL AN[OSqY syuaned jo raqunN

s3urpuy jo Arewrwing

JuauISsasse Arene)

ayoxd 0udpIAd HAVYD ¥°6 d|qeL



9 Chiari Malformation: Posterior Fossa Decompression With or Without Duraplasty? 121

Table 9.5 Risk-benefit analysis of PFD vs PFDD

Benefits Risks
PFD e Similar clinical improvement rates * Increased reoperation rate
compared with PEDD

* Less invasive

* Shorter hospital length of stay
PFDD | ¢ Increased syrinx resolution * Increased risk of CSF leak and aseptic
* Decreased reoperation rate meningitis

PFD posterior fossa decompression only, PFDD posterior fossa decompression with duraplasty,
CSF cerebrospinal fluid

no clear-cut determination can be made regarding the superiority of one technique
over the other. Our investigation suggests that there are particular benefits and short-
comings associated with PFD as well as PFDD, which should be taken into consid-
eration when choosing to offer a patient one procedure over the other.

Outcomes

We compared the outcomes of patients undergoing PFD vs. PFDD with particular
attention to four specific features: clinical improvement, syrinx regression, compli-
cations, and reoperation rate.

Clinical improvement was not statistically significant between PFD and PFDD
(RR=1.09,95% CI1 0.95, 1.25). All articles included were observational studies and
of the three studies excluded for this measurement, two reported the clinical
response using a separate scoring system that did not permit homogeneous compari-
son. The typical measurement of clinical outcome is with a post-operative scale
with three possible outcomes: improved, unchanged or worsened. Limonadi and
Selden [26] adapted this scale to include an additional category as follows: Resolved,
2; improved, 1; unchanged, 0; and worsened, —1. Then, a score is assigned to each
of the three principal presenting clinical findings and an average is calculated across
them. On the other hand, Jiang et al. [25] assessed the clinical outcome using the
CCOS, which also uses a four-point scoring system for four separate postoperative
categories: pain symptoms, non-pain symptoms, functionality, and complications.
The CCOS allows a more consistent scoring system for clinical outcomes in CIM
surgery, but it has not yet been widely adopted. Notably, however, neither of these
excluded studies demonstrated a significant difference in clinical improvement
between PFD and PFDD groups, consistent with the rest of our analysis.

We found that syringomyelia regression or improvement was significantly better in
the PFDD group (RR = 1.22, 95% CI 1.07, 1.38). The true effect of the addition of a
duraplasty in syringomyelia regression is difficult to determine and will hopefully be
addressed by ongoing prospective, randomized trials. However, it has been suggested
that PFDD provides increased expansion of the posterior fossa and allows for better
restoration of CSF flow at the craniocervical junction [28]. In fact, some authors con-
sider the presence of syringomyelia as strict criteria to perform duraplasty in addition to
PFD alone [26, 27]. Nonetheless, syrinx regression occurs in some CIM patients after
PFD alone, which warrants further investigation of this topic in prospective randomized
trials. In addition to the presence of a syrinx, the degree of tonsillar herniation can also
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affect CSF flow dynamics at the foramen magnum and has also been a contributing fac-
tor in the decision to perform PFDD opposed to PFD alone. In a retrospective study of
82 CIM patients, Yilmaz et al. [30] stratified patients preoperatively using a three-tier
system according to the degree of tonsillar descent. Grade 1 patients are defined as hav-
ing tonsillar descent more than 5 mm below the foramen magnum, grade 2 with tonsillar
descent reaching the C1 arch, and grade 3 with tonsillar descent is beyond the C1 arch.
The authors reported a decrease in syrinx size and clinical improvement in grade 3
patients undergoing PFDD compared to PFD. On the other hand, grades 1 and 2 did not
show significant differences between the two procedures.

A higher rate of complications, especially CSF-related, has been reported in PFDD
over PFD [14, 15]. In our study, we discovered a similarly higher complication rate in
patients undergoing PFDD compared with PFD alone (RR =3.16, 95% CI 1.93, 5.18).
After more detailed evaluation of specific post-operative complications, we found that
both CSF fistula (RR = 8.70, 95% CI 2.10, 36.01) and aseptic meningitis (RR = 5.71,
95% CI 1.37, 23.68) were significantly higher in PFDD patients, while wound infection
(RR = 1.26, 95% CI 0.52-3.01) and pseudomeningocele (RR = 3.06, 95% CI 0.67,
13.94) were not significantly different. In a systematic review, Zhao et al. [14] compared
the outcomes of different surgical techniques for CIM. Similar to the result of our analy-
sis, they reported aseptic meningitis and CSF leak as predominant complications across
all patients. These complications occurred with less frequency in their PFD alone group,
although clinical improvement was significantly better with PFDD. Though we did not
specifically address tonsillar reduction in this study, it is worth also mentioning that
Zhao and colleagues found that the addition of tonsillar resection resulted in the highest
complication rate amongst all surgical techniques.

The difference in the reoperation rate in favor of PFDD was another intriguing find-
ing in this meta-analysis. Patients undergoing PFD alone had a higher risk to be reoper-
ated on (RR = 0.28, 95% CI 0.12, 0.65), although the quality of available evidence
regarding this topic was low. In PFD patients who underwent reoperation (17/154,
11%), the indications for repeat intervention were primarily related to a lack of resolu-
tion of clinical symptoms and syringomyelia. In the PFDD patients undergoing reopera-
tion (8/251, 3.2%), five required additional decompression for the persistence of
symptoms, while three required surgical repair of a CSF fistula. These results differ from
a retrospective study by Shweikeh et al. [37], in which a higher reoperation rate was
found in children with CIM who underwent PFDD, mainly due to post-operative CSF
fistula formation. However, it should be noted that Shweikeh et al. [37] evaluated a spe-
cific subset of patients by using the national Kids’ Inpatient Database (KID) with an
average patient age of 10.3 years, and reported reoperations were principally related to
early post-operative (procedure-related) complications rather than reoperations for
failed symptom resolution at long-term follow-up. Further, this difference could be
accounted for by heterogeneity in the PFDD population with respect to intradural work
performed, as some patients underwent tonsillar reduction while others did not.

Implications for Clinical Practice

PFD vs. PFDD for CIM patients is an ongoing debate in the neurosurgical commu-
nity. Here, we discovered that there was no significant difference in outcome with
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respect to post-operative clinical improvement, rate of wound infection, or pseudo-
meningocele occurrence between PFD and PFDD subgroups. Although the clinical
response was similar between the groups, the rate of syrinx regression was higher in
patients undergoing PFDD compared to PFD alone. And while the reoperation rate
was higher in the PFD alone subgroup, complications as a whole, including CSF
fistula and aseptic meningitis, were more frequent in patients undergoing PFDD.

It is clear from this analysis that no singular technique can be labeled superior for
CIM patients. Hence, clinicians must weigh the risks and benefits of each procedure
when making a decision to perform PFD or PFDD for CIM. PFD carries some
advantages as a less invasive procedure with a lower complication rate. However,
there is a higher probability that a repeat operation will be necessary for patients
undergoing PFD alone. PFDD results in an increased probability of syrinx regres-
sion from our analysis. It would seem reasonable to perform PFDD in patients with
syringomyelia, as well as a high degree of tonsillar herniation. However, threshold
criteria for syrinx size and extent of tonsillar ectopia are not well understood and the
fact that syrinx resolution occurs in some patients undergoing PFD alone indicates
that further investigation is necessary with regards to this topic.

Conclusion

Overall, we determined from this meta-analysis that PFD and PFDD are both gener-
ally well tolerated, with some differences in the risks and benefits between these
subgroups of patients. Clinicians evaluating CIM patients for surgery must take into
account their clinical presentation, comorbidities, age, presence of a syrinx, extent
of tonsillar descent, as well as patient/family preference before choosing one inter-
vention over the other. Further, outcomes with respect to related topics such as graft
choice, tonsillar cauterization, and arachnoid opening will require further investiga-
tion. Ongoing prospective randomized clinical trials are likely to help address some
of these questions and shed more light on this controversial topic.

Box

1. What is known?
PFD is associated with a higher rate of reoperation, while PEFDD carries a
higher risk of complications.

2. What is new?
PFD and PFDD for CIM result in similar clinical outcomes, with certain
drawbacks associated with each surgical option. The surgical procedure
offered should be based on an individualized evaluation with each patient.

3. What are the consequences for clinical practice?
It may be reasonable to offer PFD alone for CIM patients without syringo-
myelia or with less degree of tonsillar herniation, while PFDD may be
more appropriate for patients with large degrees of tonsillar ectopia and
moderate to severe syringomyelia.
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Posterior Decompression for Cervical 1 1
Spondylotic Myelopathy: Laminectomy,
Laminectomy and Fusion

or Laminoplasty

Fan Jiang, Hiroyuki Katoh, Kazuya Yokota,
and Michael G. Fehlings

Introduction

Degenerative cervical myelopathy (DCM) represents a spectrum of chronic atrau-
matic spinal cord injury that occurs secondary to compression from disc spondylo-
sis, hypertrophy of the ligamentum flavum, or ossification of the posterior
longitudinal ligament (OPLL), etc. [1]. While surgical management has been shown
to arrest the progressive deterioration and provide neurological and functional
improvement, the selection of surgical procedures pertaining to specific cases is
subject to much controversy [2—4]. While the subject of anterior versus posterior
spinal decompression has been repeatedly debated amongst the experts, this chapter
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will focus on posterior surgical options and anterior alternatives will not be further
elaborated.

The posterior cervical decompression techniques have a long track record of suc-
cess in halting the progression of DCM. Prior to the introduction of cervical instru-
mentation strategies, posterior cervical laminectomies (LA) were a common
procedure utilized to treat multilevel compressions [5—7]. Although initially found
to be clinically effective, the development of late neurological deterioration second-
ary to post-operative instability and kyphosis [8—11] has led to the drive for alterna-
tive procedures. Since its introduction, laminectomy and instrumented fusion (LF)
has been gaining popularity among the options in cervical decompression proce-
dures [12—15]. In the modern era, the use of lateral mass screws and titanium rods
allowed us to move away from wiring and plating of the cervical spine and to
increase the safety of these procedures [16-20]. However, despite the advantages,
the added stability with instrumentation comes at a cost of significant loss of mobil-
ity and range of motion (ROM) in the cervical spine [21-23].

The cervical laminoplasty (LA) procedure was designed to increase the overall
spinal canal diameter by partial opening and elevating the laminae while keeping
the posterior elements intact [24]. While a number of techniques have been described
in the literature, they are largely the variations of two common procedures known as
the “open-door” and the “French door” [25-28]. Although the posterior elements
are preserved in these surgeries, post-laminoplasty kyphosis has been described in
the literature [29-33]. Therefore, it is generally not the surgical procedure of choice
when severe preoperative kyphotic deformity is present. Additionally, since the pro-
cedure itself avoids fusion, the benefit of relative preservation of motion comes at a
cost of postoperative neck pain [34, 35].

Furthermore, the drive to preserve motion and prevent instability while achieving
adequate decompression in the cervical spine has let to the development of a
minimally-invasive, mucle-preserving posterior approach utilized in skip laminec-
tomy (sLA), where only selective laminectomies are performed. Since this tech-
nique was introduced by Shiraishi et al. in 1998, it has shown promising results as a
non-instrumented alternative for posterior decompression [36-38].

Nowadays, it is generally accepted that a fusion procedure should accompany
any cervical decompression in the presence of kyphotic deformity [5, 39]. However,
controversy exists as to the optimal procedure for DCM in a lordotic cervical spine.
The goal of this chapter is to systematically review and summarize the evidence in
the literature on the comparative efficacy and safety of the common posterior cervi-
cal spine procedures.

Material and Methods
Generation of Key Questions
Key questions were formulated to address important clinical inquiries: (Q1) What is

the efficacy of LA or sLA compared to LF based on clinically important changes in
neurological and functional status? (Q2) What is the efficacy of LP compared to LA
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or sLA based on clinically important changes in neurological and functional status?
(Q3) What is the efficacy of LF compared with LP based on clinically important
changes in neurological and functional status? (Q4) What is the safety profile of LA
or sLA compared to LF? (Q5) What is the safety profile of LP compared to LA or
sLA? (Q6) What is the safety profile of LF compared to LP?

Electronic Literature Search

The literature search was performed by an experienced librarian using Ovid
MEDLINE, Embase, and Cochrane library databases. To ensure high sensitivities in
our systematic review, appropriate search concepts were developed with relevant
subject headings complimented by text word searches of titles and abstracts using
relevant MeSH terms and synonyms. Appropriate truncations, adjacent operators,
parentheses and Boolean operators were employed to ensure the inclusiveness as
well as the precision of the search.

For the purpose of this chapter, only English language articles published after
January 2000 were included. For inclusion into the review, articles must include
adult human patients (age >18), diagnosed with DCM, surgically treated with
either LP, LA, sLA, or LF. Studies must have a clear reporting of neurological and/
or functional outcomes both preoperatively and postoperatively or describe the
spectrum and incidence of complications. In order to present the highest quality of
evidence in the literature, the selection was further limited to only randomized
control trials (RCT) and comparative studies with >10 patients in each treatment
group.

Two authors independently screened titles and abstracts for relevant articles per-
taining to the scope of this chapter. Full manuscripts of the selected articles subse-
quently underwent extensive review by the same authors. When conflicting opinion
on the inclusion and exclusion of articles arose, the issues were either resolved by
discussion, or when necessary, the advice from a third author was sought. For each
article selected, the references list was carefully reviewed for additional relevant
articles to include.

Data Extraction

An exhaustive assessment of outcome scores was attempted to address Q1-3 in this
review, but the overall paucity of generalized reporting algorithms hindered this
effort. Therefore, owing to their relatively consistent appearance across studies, the
Japanese Orthopaedic Association (JOA) and the modified JOA (mJOA) Score for
the Assessment of Cervical Myelopathy along with the Neck Disability Index (NDI)
were selected as the primary measures of neurological and functional outcomes.
The Visual Analogue Scale (VAS), Ishihara’s cervical curvature index [40], and
neck range of motion (ROM) were included as secondary outcomes. For Q4-5, the
spectrum and incidence of key intraoperative and postoperative complications of
each procedure were evaluated.
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Evaluation of Level of Evidence and Strength of Literature

Gradings of the level of evidence were independently performed by two authors for
each published article based on the criteria suggested by the Journal of Bone &
Joint Surgery and Agency for Healthcare Research and Quality (AHRQ) [41, 42].
The overall strength of evidence for each outcome of interest was determined based
on the recommendations by Grading of Recommendation Assessment, Development
and Evaluation Working Group [43—46] and the AHRQ [42].

Data Analysis

For Q1-3, in order to compare the clinical effectiveness of the procedures, the dif-
ference in means, standardized mean difference (SMD), and 95% confidence inter-
val (CI) between the treatment groups were calculated based on the preoperative
and postoperative data reported in the manuscript. Missing data were input using
methods proposed by the Cochrane Handbook for Systematic Reviews of
Intervention [47]. To address the effectiveness of an intervention, the suggested
measure by Cohen [48] was used whereby an effect size of 0.2 is considered as
“small”, 0.5 as “medium” and >0.8 as “large”. For Q4-5, the spectrum and inci-
dence of complications were extracted from the studies. For each complication,
relative risk or risk ratio (RR) and 95% CI were calculated. Statistical calculations
were performed using the Comprehensive Meta Analysis Version 3.3.070 (Biostat,
Inc. Englewood, NJ, USA) [49].

Results

The literature search resulted in 6344 articles after removal of duplications. Through
exclusion based on title, abstract, and year of publication, 178 articles remained for
full manuscript review. Electronic manuscripts were obtained, and careful review of
the articles was performed. By applying our inclusion and exclusion criteria, 16
articles were finally selected for the systematic review plus three additional articles
that were found through screening of the reference lists (Fig. 11.1). A total of two
articles were found that addressed Q1 [50, 51], six articles addressing Q2 [36, 37,
50-53], 12 articles for Q3 [21-23, 50, 51, 54-60], two articles for Q4 [51, 61], four
articles for Q5 [36, 37, 51, 62] and 11 articles for Q6 [21-23, 51, 54-56, 58-60, 63].
The list of all included articles as well as their level of evidence are presented in
Table 11.1.

For QI and 2, due to the limited number of studies identified through the
literature that specifically addressed these questions, a qualitative review is pre-
sented in this chapter. The summary of reported outcome scores, imputed val-
ues, calculated SMD and 95% CI for each comparison are presented in
Table 11.2. For Q3, although an adequate number of articles were identified, due
to high heterogeneity of the studies, the pooling of the data for meta-analysis
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Fig. 11.1 Flowchart of literature search

was not performed. The calculated SMD and 95% CI for each outcome are pre-
sented in the form of forest plots (Fig. 11.2). For Q4 and 5, qualitative review of
the literature is presented due to the limited number of studies. Results of calcu-
lated RR and 95% CI are summarized in Table 11.3. Finally, for Q6, due to the
larger number of studies, a forest plot was used to present the summarized
results (Fig. 11.3).
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Laminectomy...

Posterior Decompression for Cervical Spondylotic Myelopathy.
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a
Study name Outcome  Statistics for each study Std diff in means
Std diff Lower Upper and 95% Cl
inmeans  limit limit
Yuan et al 2015 JOA 0.000 -0.637 0.637
Blizzard et al 2017 JOA 0.310 -0.159 0.779
Myiamoto et al 2014 JOA 0.683 0.162 1.203 ——
Yang et al 2013 JOA 0.237 -0.095 0.569
Du et al 2013 JOA 0.199 -0.278 0.677
Fehlings et al 2017 mJOA —0.492 -0.744 -0.240 [ |
Stephens et al 2017 mJOA -1.231 -1.605 -0.856 L 3
Highsmith et al 2017 mJOA 0.000 -0.525 0.525
Fehlings et al 2017  NDI -0.119 -0.367 0.129
Stephens et al 2017  NDI -1.165 -1.536 -0.793 k3
Blizzard et al 2017 NDI -0.216 -0.684 0.251
Lee et al 2016 NDI 0.061 -0.544 0.666
Yang et al 2013 NDI -0.655 -0.995 -0.316 E 3
-4.00 -2.00 0.00 2.00 4.00
Favours LP  Favours LF
b
Study name Outcome Statistics for each study Std diff in means and 95% CI
Std diff Lower Upper
inmeans limit  limit
Lee et al 2016 Ishihara Index 0.271 -0.337 0.879
Yang et al 2013 Ishihara Index ~ -0.083 -0.414 0.248
Du et al 2013 Ishihara Index 0.283 -0.195 0.762
Heller et al 2001 ROM -1.559 -2.436 —-0.681 —T
Blizzard et al 2017 ROM -2.193 -2.781 -1.605 —.—
Yang et al 2013 ROM -2.521 -2.964 -2.079 -
Lau et al 2017 VAS Neck 0.435 0.077 0.792 : 3
Highsmith et al 2017 VAS Neck 1.217 0.645 1.788 ——
Stephens et al 2017 VAS Neck 0.732 0.377 1.088 L 3
Blizzard et al 2017  VAS Neck 0.270 -0.199 0.738
Lee et al 2016 VAS Neck 0.075 -0.530 0.680
Yang et al 2013 VAS Neck -1.050 -1.403 -0.698 ]

-4.00 -2.00 0.00 200 4.00

Favours LP Favours LF

Fig. 11.2 (a) Summary of standardized mean difference comparing the improvements of neuro-
logical and functional outcomes as measured by JOA/mJOA and NDI achieved through lamino-
plasty and laminectomy and fusion as reported by individual studies. (b) Compiled summary of
standardized mean differences of secondary outcomes achieved by laminoplasty and laminectomy
and fusion as reported by individual studies
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Study name Outcome  Statistics for each study Risk ratio and 95% CI
Risk Lower Upper
ratio limit limit
Stephens etal 2017 C5 Palsy 0.367 0.092 1.472 —
Blizzard et al 2017 C5 Palsy 0.227 0.068 0.755 +——
Fehlings etal 2017  C5 Palsy 1.245 0.284 5.449 —
Lee et al 2016* C5 Palsy 0.138 0.050 0.381 —il—
Highsmith et al 2011 C5 Palsy 0.867 0.057 13.177
Yang et al 2013 C5 Palsy 0.240 0.070 0.824 +—a—
Yuan et al 2015 C5 Palsy 0.450 0.044 4.554
Lee et al 2016** C5 Palsy 0.200 0.010 3.931
Fehlings etal 2017  CSF leak 0.996 0.243 4.078 ——
Highsmith et al 2011 CSF leak 2.613 0.111  61.511
Yang et al 2013 CSF leak 0.293 0.031 2.752

Stephens et al 2017  Infection 0.612 0.039 9.572
Blizzard et al 2017 Infection 0.195 0.023 1.662 =

Fehlings et al 2017  Infection 0.474 0.100 2.239 L
Highsmith et al 2011  Infection  0.433 0.086 2177 -
Yang et al 2013 Infection  0.294 0.012 7.093 =
Woods et al 2011 Infection  0.692 0.029 16.604 =
Heller et al 2001 Infection 0.333 0.015 7.501 =
Lau et al 2017 Infection  0.446 0.065 3.064 =
Fehlings etal 2017  Kyphosis 0.332 0.039 2.801 =
Yang et al 2013 Kyphosis 1.320 0.227 7.660 —_—
Heller et al 2001 Kyphosis 0.333 0.015 7.501 =
Woods et al 2016 Kyphosis 0.692 0.029 16.604 L
0.01 0.1 1 10 100
Favours LP Favours LF

*Lee CH, Jahng TA, Hyun SJ, Kim KJ, Kim HJ. Expansive laminoplasty versus laminectomy alone versus laminectomy and

fusion for cervical ossification of the posterior longitudinal ligament. Journal of Spinal Disorders and Techniques. 2016;29(1):E9-E15
**Lee SH, Suk KS, Kang KC, Cho SW, Juh HS, Lee JH, et al. Outcomes and Related Factors of C5 Palsy Following Cervical
Laminectomy With Instrumented Fusion Compared With Laminoplasty. Spine. 2016;41(10):E574-9.

Fig. 11.3 Summary of risk ratios comparing rates of complications between laminoplasty and
laminectomy and fusion

What Is the Efficacy of LA or sLA Compared to LF Based
on Clinically Important Changes in Neurological
and Functional Status?

Comparison of LA versus LF was found in two retrospective comparative studies
and no studies were found comparing sLA to LF (Table 11.2). Only one identified
study compared the neurological recovery between the two procedures. Du et al.
[50] reported significant JOA improvement in both the LA (n =30) and LF (n =32)
treatment groups, with a statistically significant difference in recovery in favor of
LF. In terms of functional recovery, one of the studies compared NDI recovery in
patients with cervical myelopathy secondary to OPLL treated with either LA
(n=15) or LF (n =21) [51]. In this study, Lee et al. [51] noted that patients in both
treatment groups demonstrated substantial improvement in the NDI score, and the
degree of recovery was not significantly different between the groups.

In terms of the secondary outcomes, a single study by Lee et al. [51] found no
significant difference in the postoperative improvement in the VAS-neck score
between LA and LF. The cervical curvature was assessed by both studies using the
Ishihara Index [50, 51]. Their conclusions, however, were inconsistent with Du
et al. [50] reporting significantly more loss of cervical lordosis after LA, while Lee
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et al. [51] reported an equivocal decrease over time with both procedures.
Interestingly in the latter study, a lower mean preoperative Ishihara Index was noted
in the LF group, demonstrating the authors’ predilection for fusion in patients with
less cervical lordosis [51].

None of the studies reported on postoperative ROM changes.

What Is the Efficacy of LP Compared to LA or sLA Based
on Clinically Important Changes in Neurological
and Functional Status?

LP Versus LA

Three retrospective studies compared clinical outcomes between patients treated
with LP and LA (Table 11.2). Du et al. [50] reported significant improvements in
postoperative JOA score with both LP (n =36) and LA (n = 30), but revealed signifi-
cantly higher recovery rates in patients treated with LP. In terms of NDI improve-
ment, one article by Lee et al. [51] did not find a statistically significant difference
between LP (n =21) and LA (n = 15).

For the secondary outcomes, two studies evaluated the change in VAS-neck
score. The study by Lee et al. [51] showed equivocal postoperative improvements in
both procedures. A relatively larger study by Nurboja et al. [53] (n = 48 for LP,
n =33 for LA) reported no difference in VAS-Neck scores with either surgical tech-
nique. Interestingly, authors of the latter study found that the pain relief in the LA
group only became significant when surgery was performed on >4 vertebral
levels.

The changes in Ishihara Index were also compared between the two procedures
and reported by all three studies. In the retrospective study by Du et al. [50], a loss
of cervical lordosis was described in both groups with more pronounced changes
noted after LA, but their results were not reproduced by the other studies. Lee et al.
[51], on the other hand, found the loss of lordosis to be of similar magnitude amongst
techniques, and Nurboja et al. [53] in their evaluation of LP (n=75) and LA (n=34)
reported minimal change in sagittal alignment over time in either group.

None of the studies in this review compared the postoperative changes in ROM.

LP Versus sLA

A total of three articles were identified in the literature search addressing the out-
comes of LP compared to sLA (Table 11.2). In a single prospective randomized
control trial, Yukawa et al. [37] concluded that the long-term JOA score improve-
ments or other functional outcomes were not significantly different between DCM
patients treated with LP (n =21) and sLA (n = 20). Chang et al. [52], in a retrospec-
tive review of patients treated with LP (n = 35) and sLA (n = 32), showed improve-
ment in both NDI and VAS-Neck with no difference between the two treatment
groups.
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Shiraishi et al. [36] reported the postoperative changes in Ishihara index on their
cohorts undergoing sLA (n=43) in comparison to LP (n = 51), and noted that while
the curvature index was maintained after sLA, a significant decrease was seen in the
LP group.

Finally, the pre- and postoperative ROM was assessed by two of the studies with
inconsistent findings. While Yukawa et al. [37] reported slightly more preserved
ROM after sLA, the article by Chang et al. [52] reported significantly less postop-
erative ROM.

What Is the Efficacy of LF Compared with LP Based on Clinically
Important Changes in Neurological and Functional Status?

For eight studies that reported the preoperative and postoperative JOA/mJOA
scores, the calculated SMD and the 95% CI are demonstrated in Fig. 11.2a. The
majority (five studies) reported no or “small” effect without statistical significance.
Only in one study was a significantly “large” effect detected in favor of LP (SMD
1.231). In this retrospective analysis by Stephens et al. [58], the comparison was
made between LP (n = 85) and LF (n = 52). Although significant results were
noted, the authors reported baseline differences between groups and possible selec-
tion bias in treatment. Two studies reported “medium” effect with conflicting find-
ings. One single retrospective study by Miyamoto et al. [57] favored LF (n = 30)
over LP (n = 30) in JOA improvement, while a large multicentered, prospective,
observational study by Fehlings et al. [54] (n = 100 for LP, n = 166 for LF) showed
more improvement in the LP group [54]. The assessment of functional improve-
ment using preoperative and postoperative NDI was reported by five studies. Most
of the support for LP derives from two studies with one “large” (SMD 1.165) and
one “medium” (SMD 0.655) effect by Stephens et al. [58] and Yang et al. [23],
respectively. The study by Stephens et al. [58] suffers from the possibility of bias
as mentioned above, but the retrospective study by Yang et al. [23] showed signifi-
cant NDI improvement in LP (n = 75) compared to the LF (n = 66) group. Two
other studies were in favor of LP with “small” and non-significant effect [21, 54],
while one study showed no difference between procedures [51].

The results of the assessment of secondary outcomes were summarized in
Fig. 11.2b. A total of six studies reported postoperative improvement of VAS-neck
pain. Of the studies that were found to favor LF, the retrospective study by
Highsmith et al. [55] (n = 30 for LP, n = 26 for LF) showed the largest effect (SMD
1.217), with the LP group experiencing an increase in VAS-neck pain while the LF
group reported a significant improvement. To a lesser extent, the retrospective
study by Stephens et al. [58] also supported LF with statistical significance (SMD
0.732). Three other studies showed “small” effects in favor of LE. On the other
hand, the study by Yang et al. [23] was found to have a “large” (SMD —1.050)
effect favoring LP.

In terms of the Ishihara Index, two of the three studies favored LF in maintain-
ing the curvature index with a “small” effect, while one study showed a SMD of
0.083 in favor of LP. None of the studies showed a strong effect. Finally, all three
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studies comparing ROM revealed a “large” effect favoring LP in preserving more
neck motion.

What Is the Safety Profile of LA or sLA Compared to LF?

The comparison of complication rates between LA and LF were found in two
studies (Table 11.3). The rate of C5 palsy was reported by a single retrospective
review by Lee et al. [51]. The authors found no incidence of the event (0/75) in
the LA group and 9.52% (2/21) in the LF group [51]. In a prospective random-
ized comparative study, postoperative infection was documented in 6.67% (2/30)
and 9.38% (3/32) after LA and LF, respectively [61]. In the same study, the
authors reported the observed incidence of dural tear/CSF leak after LP at 3.33%
(1/30) while it was 6.25% (2/32) for LF. None of the studies reported or com-
pared the rates of postoperative kyphosis, and no studies comparing sLA to LF
were found.

What Is the Safety Profile of LP Compared to LA or sLA?

Two studies compared complication rates between LP and LA (Table 11.3). Della
Pepa et al. [62], in their retrospective review, found no infection (0/33 for LP, 0/24
for LA) or dural tear/CSF leak (0/33, 0/24) in both groups. However, the LA group
demonstrated a 12.5% (3/24) rate of postoperative kyphosis in comparison to none
(0/33) reported in the LP group [62]. Regarding the rate of C5 palsy, Lee et al. [51],
reported 0% in both LP (0/21) and LA (0/15) groups in their retrospective study.

In terms of LP and sLA, the data on complications were acquired from two stud-
ies. In the RCT by Yukawa et al. [37], the rate of infection was found to be 0% in
both groups (0/21 for LP, 0/20 for sLA). In the retrospective study by Shiraishi et al.
[36], no incidence of CSF leak was reported in the LP (0/51) group compared to
4.65% (2/43) in the sLA group. Both studies reported on postoperative C5 palsy,
with rates of 5.88% (3/51) versus 0% (0/43) [36], and 0% (0/21) versus 0% (0/20)
[37], respectively, compared between LP and sLA.

What Is the Safety Profile of LF Compared to LP?

A total of 11 articles presented a comparison of complication rates between LP and
LF (Table 11.3). The calculated RR and 95% CI are presented in Fig. 11.3. Of the
studies that reported on rates of C5 palsy, the majority (seven of the eight articles)
showed reduced risk of this complication with LP. However, only three studies [21,
23, 63] reached statistical significance with RR of 0.227, 0.240, and 0.138. Only
one article showed a slight favoring of LF (RR 1.245), which failed to reach statisti-
cal significance [54].
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Three studies reported rates of dural tear/CSF leak, with one study showing no
difference in the rate between the two procedures [54], while the other two studies
were inconsistent with one favoring LF (RR 2.613) [55] and the other favoring LP
(RR 0.293) [23]. However, none of the studies reached statistical significance.

There were eight articles reporting on postoperative rates of infection. Analysis
of RR revealed that all studies trended toward reduced risk of infection with LP,
however, none of the studies reached statistical significance.

The rate of postoperative kyphosis was also described in four studies. Although
none showed statistically significant differences, two studies reported a lower risk
of postoperative kyphosis in LP (RR 0.332 and 0.692) [22, 54], while one study was
in favor of LF (RR 1.320) [23].

Level of Evidence

The strengths of evidence are presented in Table 11.4.

Discussion

With the rapid advancement in the field of DCM, evidence-based clinical manage-
ment guidelines have been developed to assist clinicians and surgeons in formulat-
ing treatment decisions [64—-69]. While the clinical importance and efficacy of
surgical decompression is not called into question, controversy still exists concern-
ing the best surgical approach in the treatment of DCM. This chapter focuses on the
common types of posterior cervical procedures and provides a synopsis of current
evidence.

The clinical efficacy of posterior cervical decompressive procedures has a
long track record of proven success in the treatment of DCM by providing clini-
cally important improvements in neurological and functional outcomes [21, 23,
36, 37, 50-52, 54, 55, 57, 58, 60, 70]. Due to the unique characteristics of each
technique, the selection of one over the other is still based mostly on surgeon
preference and remains a heated debate in the spine community. However, it is
generally accepted that due to the risk of instability and delayed deformity devel-
opment, pre-existing cervical kyphosis is a contraindication for LA and LP [5,
8-11, 29-33, 39].

To best present the evidence, a systematic review of the literature was conducted
focusing on the contemporary literature (after year 2000) and on studies with com-
parative data between the procedures. Due to the heterogeneity intrinsic to the avail-
able literature, the inconsistent methods of reporting outcomes and complications,
as well as the lack of well-designed high-quality studies, it was not possible to rec-
ommend one of the surgical techniques as being superior. However, from the review
of the current evidence, several important conclusions can be drawn to assist the
surgeons and patients in making evidence-based decisions concerning surgical
approach.
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Regarding clinical outcomes, the systematic literature search resulted in only two
retrospective studies addressing the efficacy of LA versus LF, and three retrospective
studies evaluating LA versus LP. Similarly, the number of articles identified regarding
the safety profile of the procedures was low (two studies comparing LA and LF and two
studies for LP and LA). The paucity of literature on these comparisons likely reflects the
dramatic decline in the utilization of LA in the contemporary era due to the increased
awareness of the high-risk for postoperative kyphosis, instability, as well as the added
possibility of neurological deterioration with their development [8-11, 50]. The
extracted data from the limited number of studies provides “insufficient” evidence to
recommend LA as a primary procedure for DCM (Table 11.4). In fact, there is “low”
evidence in favor of LF regarding postoperative neurological improvement, and a trend
toward potentially added improvement in functional outcomes with LF and LP [50].

From the included studies, it is recognizable that a trend exists suggesting loss of
cervical lordosis post LA [50, 62]. Interestingly, it was noted that many of the authors,
being aware of the issue of postoperative kyphosis, either limited their study by
excluding patients with severe preoperative cervical deformity or tailored the treat-
ment to offer fusion in the less-lordotic cases [50, 51]. Therefore, although the evi-
dence presented was graded as “insufficient” in confirming an increased risk of
kyphosis in LA, these studies indirectly provided insight that increased awareness
surrounding this issue has led to changes in the practices of the spine community.

Given its relatively recent introduction, the evidence on the comparative effective-
ness and safety of sSLA compared to other posterior cervical procedures was limited
to three studies found by literature search. Due to the overall lack of evidence and
imprecision with reporting, no conclusive recommendation can be generated on the
utility of sLA for DCM (Table 11.4), but studies appear to suggest that the clinical
outcome and safety profile of SLA is comparable to that of LP [36, 37, 52]. The sLA
procedure was designed to address issues with post decompression instability and
kyphosis while preserving ROM [36, 38], and the limited reports on the potential of
this procedure to maintain cervical curvature are promising [36—-38], but this analysis
fails to confirm these due to the limited and inconsistent evidence.

With the advancement of knowledge and the evolution of instrumentation technol-
ogy, the field of spine surgery has seen rapid development over recent years. As LA
has been gradually phased out in favor of LP and LF, a shift in the research focus
nowadays is geared towards quality control and improvement. As a reflection of this
change, 12 studies addressing the clinical outcomes and 11 studies comparing the
complications of LP and LF were found by literature search. However, given the
resources, there is still “insufficient” overall evidence to favor either procedure regard-
ing neurological improvement, functional outcome or safety profile (Table 11.4).
Given the inconsistencies seen in the literature and the difficulty in proving the supe-
riority of one procedure over the other, it appears that LP and LF have overall clinical
equipoise in treating DCM. While it is generally agreed upon that LP is associated
with more postoperative neck pain [34, 35], insufficient evidence was found in this
review in terms of VAS-neck pain score changes. However, it appears that the overall
trend tends to favor more improvement with LF (Fig. 11.2). Unsurprisingly, a large
difference was found with “moderate” evidence confirming greater loss of ROM with
LF [21-23]. Of interest, it appears that “low” evidence exists supporting a lower rate
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of C5 palsy in LP, which is an observation that has been previously reported [71, 72].
However, given the state of the literature, it is difficult to provide absolute evidence
favoring either procedure, and further research is necessary.

Conclusion

In conclusion, this chapter summarizes the current evidence concerning the common
posterior spinal surgical approaches for the treatment of DCM. The evidence presented
here is not a strict guideline but should serve as a suggestion to assist clinicians, sur-
geons, and patients when deciding a treatment plan. Ultimately, the approach of choice
should be based on clinical judgement and tailored toward each individual patient
depending on their clinical presentation, imaging findings, and the surgeon’s own expe-
rience. Overall this systematic review strengthens the evidence that LP and LF have
overall clinical equipoise in terms of clinical outcome, while finding insufficient evi-
dence to recommend LA or sLA as primary treatment options for DCM.

Patient Preference

See Table 11.5.

Table 11.5 Patient preference chart

Advantage Disadvantage
Laminectomy | Insufficient evidence to suggest any advantage | Risk of postoperative

of the procedure kyphosis and instability
Skip Insufficient evidence to suggest any advantage | Insufficient evidence to
laminectomy | of the procedure recommend this procedure

over its counterparts

Laminoplasty

Clinical equipoise in providing neurological
and function improvement compared to
laminectomy and fusion

Evidence showing a trend
toward increased
postoperative neck pain

Safety profile overall similar to laminectomy
and fusion in rate of dural tear/CSF leak,
infection, and postoperative kyphosis

Low level of evidence in support of reduced
rate of C5 palsy compared to laminectomy and
fusion

Laminectomy
and fusion

Low evidence in providing increased
neurological improvement compared to
laminectomy

Decreased postoperative
neck ROM

Clinical equipoise in providing neurological
and functional improvement compared to
laminoplasty

Safety profile ovSerall similar to laminoplasty
in rate of dural tear/CSF leak, infection and
postoperative kyphosis

Trend toward reducing loss of cervical lordosis
with laminectomy and fusion
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Box
1. What is known:
(a) Cervical laminectomy has a risk of postoperative instability and
kyphosis.
(b) Cervical laminoplasty is associated with postoperative neck pain.
(c) Cervical laminectomy and fusion are associated with decreased post-
operative ROM.

2. What is new:

(a) There is a trend showing reduced cervical lordosis with laminectomy
and fusion procedures, although not reaching statistical significance.

(b) Cervical laminoplasty and laminectomy and fusion have shown simi-
lar effects regarding overall clinical outcomes and safety profile, with
the exception of low level-evidence suggesting decreased rates of C5
palsy in the laminoplasty group.

3. Consequences for clinical practice:

(a) We do not recommend cervical laminectomy as the primary treatment
for degenerative cervical myelopathy.

(b) We cannot make recommendations for cervical skip laminectomy due
to insufficient evidence showing its superiority over other common
posterior cervical procedures.

(c) We do not recommend the use of cervical laminoplasty when there is
present or suspected instability.

(d) We do not recommend the use of cervical laminoplasty in the presence
of cervical kyphosis.

(e) We recommend both cervical laminoplasty and laminectomy and fusion
in degenerative cervical myelopathy but recommend laminectomy and
fusion when instability and/or cervical deformity are present.
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Early Versus Delayed Surgery 1 2
for Cervical Disc Herniation

Lukas Bobinski and Yohan Robinson

Introduction

Age-related intervertebral disc changes lead to decrease of the disc height, which
triggers a cascade of degenerative deterioration of the motion segment. During the
early stages, the annulus fibrosus of the disc becomes susceptible to fissuring and
tearing. This leads to so-called “soft herniation” with disc extrusion and sequestra-
tion. The pathophysiology of radiculopathy involves both mechanical compression
and chemical irritation of the nerve root. Soft disc herniation has a high chance of
spontaneous resorption, and hence improvement of clinical symptoms.

However, further degenerative changes result in reactive formation of osteo-
phytes and hypertrophy of the yellow ligament. These can protrude into the foram-
ina and compress the nerve roots. The additional development of kyphosis of the
cervical spine in later stages of segmental degeneration further compromises the
integrity of nerve roots [1]. This radicular entrapment due to spondylosis, referred
to also as “hard herniation”, is characterized by slowly progressing deterioration.
However, even at this stage, the subsequent release of inflammatory cytokines and
other agents is partially responsible for the generation of radicular pain [2].

Spontaneous resolution of this inflammatory process explains why even patients
with advanced spondylosis can experience spontaneous resolution of the symptoms
as well as long asymptomatic periods. Spondylosis, with cervical foraminal steno-
sis, is responsible for almost two thirds of cervical radiculopathy cases. The remain-
ing one third of cases are due to cervical disc herniation.
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Cervical radiculopathy has a peak annual incidence of 2.1 cases per 1000, occur-
ring in the fourth and fifth decades of life [3].

Cases of radiculopathy due to cervical degenerative disease initially present with
intense pain and moderate levels of disability. Nevertheless, substantial improve-
ments tend to occur within the first 4-6 months after onset [4].

According to the current literature, the general natural history of cervical radicu-
lopathy is typically favorable and self-limited, with up to 90% of patients presenting
improvement with conservative treatment [3, 5].

However, in some patients, a conservative regime is insufficient. This results in
persistent severe neuropathic pain and a high level of disability. These patients are
referred for surgical treatment.

There is no current consensus about which patients would fail to benefit from non-
operative treatment and are in need of surgery. Anterior cervical discectomy and
fusion (ACDF) still remains the gold standard for surgical treatment [6] with good or
excellent results that are primarily dependent on the nerve root decompression [7, 8].

According to current practice, surgery is recommended after six to 12 weeks of
persistent radiculopathy despite optimal conservative treatment [9, 10]. However,
the optimal timing for surgical treatment is still not clearly defined.

Surgical intervention implies removal of the disc herniation either by anterior
access with subsequent fusion or disc replacement or by posterior foraminotomy.
There is little evidence of the superiority of one method over the other (discussed
elsewhere in this book), and it is unclear whether the timing of surgery has more of
an effect on the outcome after surgery than the type of implant.

There are several theories supporting early intervention:

1. Long standing radicular compression could result in a poorer clinical outcome
by inducing development of chronic pain [11]

2. Prolonged radiculopathy and cervicalgia postpones the return to work if surgical
intervention is delayed [6, 12].

According to population-based studies, up to 25% of patients with cervical radic-
ulopathy will have persistent symptoms and might require surgical intervention.

[3]. Therefore, decisions about selection for surgery and its timing might have an
impact on long-term clinical results. The goal of this review is a critical analysis of
the current literature regarding optimal timing of surgery as a treatment for cervical
radiculopathy with ACDF.

The objective of this trial is to investigate if there is enough evidence in the cur-
rent literature to identify the optimal timing for surgical treatment.

Methods
Study Selection
Only studies presenting results based on randomized controlled trials published

after December 31st, 1999 were considered for inclusion. Randomized controlled
trials on surgical and non-surgical treatment of acute cervical radiculopathy were
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included. Studies with more than 10% pediatric patients (<18 years of age) or more
than 10% elderly patients (>65 years of age) were excluded, as well as studies that
did not contain information on the surgical technique or did not include timing data.

Participants were patients with acute radiculopathy due to cervical disc hernia-
tion. Myelopathy and bilateral radiculopathy were not exclusion criteria but were
entered as covariates. Surgical interventions included were anterior cervical discec-
tomy without fusion (ACD), anterior cervical discectomy and fusion (ACDF) and
cervical disc replacement (CDR).

Early surgical treatment was defined as surgical treatment within 6 months from
the onset of symptoms. Delayed surgical treatment was defined as surgical treat-
ment after 6 months from the onset of symptoms.

Types of Outcome Measures
The following outcome measures were included in the systematic review:

e Neck Disability Index (NDI)
e Arm pain (VAS arm)
e Neck pain (VAS neck).

Using the reported minimally clinically important difference (MCID) of possible
endpoints of interest, the following numbers of participants must be included to
reach 80% power [13]:

Endpoint MCID SD N in each group to reach 80% power
NDI (0-50) 7.5 7.9 19
VAS arm (0-10) 2.5 3.4 30
VAS neck (0-10) 2.5 2.3 15

NDI Neck Disability Index, VAS visual analog scale, MCID minimally clinically
important difference, SD standard deviation

Search Methods for Identification of Studies

The protocol to this review was registered in PROSPERO (CRD42017079420). We
applied the PRESS criteria for the electronic literature search to elaborate the search
strategy [14].

The following search terms were used on databases from January Ist, 2000 to
December 31st, 2017:

NLM PubMed MEDLINE

((((cervical disc) AND (radiculopathy OR herniation OR prolapse OR radiating OR
conservative) AND (“01/01/2000”[ Date—Publication]: “3000”[Date—
Publication]))) AND Clinical Trial[ptyp])
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264 of 258 of 8 systematic 34 records
records records reviews identified
identified identified identified at through
through NLM through the Cochrane ClinicalTrials.o
PubMed Google Library search
search Scholar search
12 duplicate
records
—+— 85 published

530 of records

before 1 JAN

screened 2000

333 of titles 236 records not
assessed for meeting
eligibility inclusion criteria

97 of abstracts
assessed for
eligibility

60 records not
meeting
inclusion criteria

37 of studies

d for

fulltext inclusion

29 studies did
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the timing of
sugery
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Fig. 12.1 PRISMA inclusion flow diagram
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(meta-analysis)




12 Early Versus Delayed Surgery for Cervical Disc Herniation 179

Google Scholar:

allintitle: (radiculopathy OR herniation OR prolapse OR radiating OR conservative)
AND “cervical disc”

Cochrane Library:

cervical AND disc

ClinicalTrials.gov:

“Cervical Disc” AND (radiculopathy OR herniation OR prolapse OR radiating OR
conservative).

Data Collection and Analysis

Data were collected by both co-authors and the analysis followed the Cochrane
guidelines.

The literature search in the electronic databases resulted in a list of eligible stud-
ies which were included in the systematic review. A PRISMA flow diagram, includ-
ing reasons for exclusions at each stage, illustrates the study inclusion process
(Fig. 12.1).

For each study, we considered characteristics for which data were extracted
(study size, PICOS, follow-up period).

Assessment of Risk of Bias in Included Studies

The risk of bias in each included study was assessed according to GRADE recom-
mendations [15].

Measures of Treatment Effect

For all outcomes considered for each study, we used: (a) a simple summary of data

for each intervention group and (b) effect estimates and confidence intervals, with a
forest plot.

Results
Study Selection

The numeric search results are summarized as a flow chart in Fig. 12.1. Two studies
were included for qualitative synthesis and one study for meta-analysis. The num-
ber of excluded studies and the related reasons for exclusion are summarized in
Fig. 12.1.
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Risk of Bias in Included Studies

The details regarding bias are given in Table 12.1 and Fig. 12.2. Both studies present
with a high risk of selection bias. In the study by Burneikiene et al., this is due to the
post hoc analysis of previous RCTs [9, 16]. In the study by Engquist et al., it is due
to an unclear description of their patient selection process [17].

Both studies showed a high risk of performance bias because they were unblinded.
The risk of detection bias was evaluated as very low because in both studies there
was a patient-reported outcome measurement. Both studies presented complete out-

come data, but they reported their results post hoc.

Table 12.1 Characteristics of included studies

Bureneikiene et al. [9]

Methods Post-hoc analysis of prospective trial [16]

Participants | 58 patients (52% male), age 49 (range 27-73) years, with one- or two-level
ACDF for cervical degenerative radiculopathy

Interventions 1. Early (within 6 months) vs

2. Delayed (after 6 months) surgical intervention

Outcomes Neck and arm pain was evaluated using Visual Analog Scale (VAS)
Health-Related Quality-of-Life using Short-Form 36 Health Survey (SF-36)
physical component summary (PCS) and mental component summary (MCS)
Disability was determined using Neck disability index (NDI)

Notes The patients who had previous surgeries, were diagnosed with cervical myelopathy
or had more than 2-level ACDF surgeries were excluded from this analysis (n = 64)

Bias Authors’ Support for judgement

judgement

Risk of bias table

Random sequence generation (selection bias) High risk Post-hoc analysis

Allocation concealment (selection bias) Low risk Post-hoc analysis

Blinding of participants and personnel High risk unblinded for timing

(performance bias)

Blinding of outcome assessment (detection bias) | Low risk Patient-reported outcome

measures

Incomplete outcome data (attrition bias) Low risk Complete outcome data

Selective reporting (reporting bias) High risk Post-hoc analysis

Other bias Unclear risk

Engquist et al.

(17]

Methods Subgroup analysis of RCT

Participants | 60 patients (52% male, age 49 + 7 years) with cervical radiculopathy

Interventions 1. Surgical treatment (ACDF) followed by physiotherapy (n = 30) or
2. Nonsurgical treatment by physiotherapy alone (n = 30)

Outcomes Pain (VAS),

Disability (neck disability index, NDI),

Patient expectations of treatment,

Anxiety due to neck/arm pain, distress (Distress And Risk Assessment Method,
DRAM),

Self efficacy (self efficacy scale, SES)

Health-related quality of life (EQ-5D)
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Table 12.1 (continued)

Notes Subgroup analysis of early (2-12 months) vs delayed (>12 months) surgical
treatment without number of participants in subgroups
Bias Authors’ Support for judgement
judgement
Risk of bias table
Random sequence generation (selection bias) Unclear risk | Not described
Allocation concealment (selection bias) Low risk SNOSE (sealed envelope)
Blinding of participants and personnel High risk Unblinded study
(performance bias)
Blinding of outcome assessment (detection bias) Low risk Patient reported outcome
measures
Incomplete outcome data (attrition bias) Low risk Complete outcome data
Selective reporting (reporting bias) High risk Post-hoc reporting
Other bias Unclear risk

Fig.12.2 Risk of bias
summary: review authors’
judgements about each risk
of bias item for each
included study

Burneikiene 2015

Engquist 2015

Other bias

-~ . Random sequence generation (selection bias)
. . Blinding of participants and personnel (performance bias)

. . Allocation concealment (selection bias)

. . Blinding of outcome assessment (detection bias)

. . Incomplete outcome data (attrition bias)

. . Selective reporting (reporting bias)

Effects of Interventions

Neck Pain in Cervical Radiculopathy

The details regarding effect of intervention on neck pain are summarized in

Fig. 12.3.

One trial included randomized data from 58 patients and evaluated neck pain in
cervical radiculopathy related to surgical timing [9]. The pain intensity was assessed



L. Bobinski and Y. Robinson

K1931ns Jo Surun o3 pajear (OO [—( 93uel 9[eds sno3ofeuy [ensiA ) ured yoou uo jod 1sa104 €L b4

syjuow 9<  syiuow 9 >

182

oL S 0 o  o1- (€0 = d) G6°0 = Z :108)j0 |[eIano Jo} 1S L

" " . " " a|geoijdde 1o :AususboisioH

[9670 ‘922-106'0-  %000L 62 62 (1D %S6) leloL

SlL0c [96'0‘922-106'0— %000l 62 8¢ 9¢ 6¢ e L¢ G1L0c suspjiauing

1D %56 ‘Paxid ‘Al Jeap 10 %S6 ‘Paxid ‘Al wblem |elol @S uesy [elol @S uesy dnoubgnsg 1o Apnig
Sdusiayiq ueaiy QouaJlayiqg ueapy syjuow 9 2 syjuow g >



12 Early Versus Delayed Surgery for Cervical Disc Herniation 183

by means of a visual analog scale (VAS, range 0—10). Pain was reported at the time
of inclusion and at 6 months and 1 year after symptom debut, and the mean value
was used for statistical analysis.

There is low-quality evidence (unable to be generalized, post hoc data) from one
trial (N = 58) that at 6 months, patients treated in a timely manner had no difference
in neck pain from those treated surgically after 6 months from symptom debut (MD
—0.9,95% CI —27.56 to 0.56).

Arm Pain in Cervical Radiculopathy

The details regarding effect of intervention on arm pain are summarized in Fig. 12.4.

One trial included randomized data from 58 patients and evaluated radicular pain
in cervical radiculopathy related to surgical timing [9]. The pain intensity was
assessed by means of a visual analog scale (VAS, range 0—10). Pain was reported at
the time of inclusion and at 6 months and 1 year after symptom debut, and the mean
value was used for statistical analysis.

There is low-quality evidence (unable to be generalized, post hoc data) from one
trial (N = 58), that at 6 months, patients treated in a timely manner had significantly
less arm pain than those treated surgically after 6 months from symptom debut (MD
—1.4,95% CI —27.36 to —0.64).

Neck Function in Cervical Radiculopathy

The details regarding effect of intervention on neck function are summarized in
Fig. 12.5.

One trial included randomized data from 58 patients and evaluated neck function
in cervical radiculopathy related to surgical timing [9]. The neck function was
assessed by means of the Neck Disability Index (NDI, range 0-100). Pain was
reported at the time of inclusion and at 6 months and 1 year after symptom debut,
and the mean value was used for statistical analysis.

There is low-quality evidence (unable to be generalized, post hoc data) from one
trial (N = 58), that at 6 months, patients treated in a timely manner had no difference
in neck disability from those treated surgically after 6 months from symptom debut
(MD —4.80, 95% CI —24.36 to 14.76).

A summary of the major findings is shown in Table 12.2.
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Table 12.2 Summary of findings

lustrative comparative risks*
(95% CI)
Assumed Corresponding Quality of
risk risk No of the
surgery surgery Relative | participants| evidence
Outcomes >6 months | <6 months effect (studies) | (GRADE) Comments

Early compared with delayed surgical treatment for cervical disc herniation

Patient or population: 58 patients with 1-or 2-level surgery for cervical disc herniation
Settings: Post-hoc analysis of randomised controlled trial with 12-37 months follow-up
Intervention: early surgical intervention within 6 month

Comparison: delayed surgical intervention after 6 months

VAS neck The mean The mean 0.68 58 (1) DBROeO | Post-hoc
range 0-10, VAS neck VAS neckin | (p=0.3) low
12-37 months | ranged the
follow-up across intervention
control groups
groups was0.9 cm
from 1 to lower
8 cm
VAS arm The mean The mean 0.46 58 (1) DPOO | Post-hoc
range 0-10, VAS arm VAS arm in (p=0.04) low
12-37 months | ranged the
follow-up across intervention
control groups
groups wasl.4 cm
from O to lower
10 cm
NDI The mean The mean 0.54 58 (1) DDOO | Post-hoc
range 0-50, NDI ranged | NDI in the (p =0.06) low
12-37 months | across intervention
follow-up control groups
groups was4.8 points
from O to lower
30 points

CI Confidence interval; RR risk ratio; VAS visual analogous scale, NDI neck disability index
GRADE Working Group grades of evidence

High quality: further research is very unlikely to change our confidence in the estimate of effect
Moderate quality: further research is likely to have an important impact on our confidence in the
estimate of effect and may change the estimate

Low quality: further research is very likely to have an important impact on our confidence in the
estimate of effect and is likely to change the estimate

Very low quality: we are very uncertain about the estimate

“The basis for the assumed risk (e.g. the median control group risk across studies) is provided in
footnotes. The corresponding risk is based on the assumed risk in the comparison group and the
relative effect of the intervention (and its significance)
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Discussion

This study summarizes the sparse evidence on the effects of the timing of surgical
treatment for cervical radiculopathy. Early intervention within 6 months has a ben-
eficial effect on arm pain compared to non-surgical management. No significant
effect on function and neck pain was found. Since only one study fulfilled the inclu-
sion criteria and this study was a post hoc analysis of a randomized controlled trial,
the quality of evidence leaves room for improvement.

There is always a risk of unintentional selection bias when performing a qualita-
tive synthesis with meta-analysis. However, in order to reduce selection bias, the
authors followed a well-defined inclusion process with clear inclusion criteria. Only
two studies matched these inclusion criteria.

Agreements and Disagreements with Other Studies or Reviews

Cervical radiculopathy can cause difficulties regarding the surgical decision, due to
variations in its natural course. The correlation between the symptoms and the MRI
findings is controversial because of high rates of false-positive findings among
asymptomatic patients [18, 19]. Moreover, it has been shown that cervical disc her-
niation, like lumbar disc herniation, can undergo spontaneous regression [20, 21].
The herniation triggers an acute phase of the radiculopathy in which neurapraxia
leads to local ischemia followed by an inflammatory response. Therefore, initial
non-operative management is widely accepted, as it has a high rate of success with
substantial improvement of pain and disability. Improvement usually occurs within
the first four to 6 months [22, 23]. Therefore, surgical treatment is considered only
in cases of persistent radicular pain and/or neurological disability. ACDF provides a
very high chance of improvement of the radicular pain. However, although surgery
has been shown to be superior to conservative treatment at 4 months of follow-up,
at 16 months there was no statistically significant difference between surgery and
conservative treatment [24].

The systematic review by Gebremariam et al., compared effects of different sur-
gical techniques as a treatment of cervical disk herniation [25]. The authors included
11 RCTs in their evaluation with only one comparing surgery with conservative
treatment. The review did not provide any information on the optimal timing of
surgery.

Burneikiene et al. present a post hoc analysis of data collected during a
prospective,

randomized, double-blind clinical trial [9, 16]. They demonstrate that surgery
performed within 6 months after onset of the radiculopathy resulted in statistically
significant improvement in arm pain (measured using the VAS scale) and lower
NDI, in comparison to the results for patients undergoing surgery after the six-
months cut-off.

Similar results are obtained in the prospective, randomized trial by Engquist
et al. [17]. The authors conclude that duration of neck and arm pain (less than
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12 months) is significantly associated with a better outcome in the group treated
with ACDF. In comparison, the same factors had no effect on the outcome in the
group treated with physiotherapy.

Our critical review reflected the dilemma of designing and conducting high-
quality clinical research and its impact on clinical practice. Only 0.4% of the avail-
able publications met the rigorous criteria for inclusion in our final investigation of
the quality of the clinical evidence. We finally presented the results of two publica-
tions which both reached an evidence level of Level II, allowing only simplified
conclusions. Further methodological analysis investigating these two trials revealed
that even these prospective, randomized studies are afflicted by selection, perfor-
mance and reporting bias with regard to the endpoints of interest. Although the
results suggest that surgery performed earlier than 6 months after onset leads to
better outcomes, the level of evidence is insufficient. Randomized, controlled trials
comparing acute cervical radiculopathy treated surgically within 3 months, 6 months
and 12 months, with return-to-work data, EQ5D, NDI and pain scales, as well as
full hospital and societal cost data as endpoints, could elucidate the value and cost-
effectiveness of early surgical intervention. This design would require a multicen-
tric approach and should preferably be funded by an independent and unbiased
funder.

Alternatively, if a national patient registry included data on the onset of pain,
date of surgery and patient-reported outcome measures, a randomized registry trial
could provide some of the required answers.

Our analysis revealed that large, prospective randomized trials, avoiding or
adjusting for bias, are difficult or even impossible to execute. This reflects the situ-
ation in clinical practice, where there is a general surgical agreement among spine
surgeons despite the fact that it is supported by only weak evidence from the
literature.

For instance, the current expert opinion is that at least six to 12 weeks of non-
surgical treatment with anti-inflammatory medication and physiotherapy can be
proposed as initial treatment in the presence of severe pain without functionally
important motor deficit [6]. Similar results were presented by a survey among prac-
ticing Dutch neurosurgeons [10]. Almost half (47.9%) of the surgeons waited until
at least eight to 12 weeks of persistent radiculopathy had been present before rec-
ommending surgery. Therefore, due to the difficulties of providing solid evidence at
Level I, there should be an alternative, in order to maintain good clinical practice
and a high quality of surgical healthcare. In our opinion, a multicenter, prospec-
tively collected data register could be a valuable source summarizing the results of
daily surgical practice. Thus, studies based on these data should receive more accep-
tance, financial support and credit, even with lower evidence status. As they gained
popularity, these types of clinical studies would certainly stimulate surgeons to be
more active in reporting their results and comparing them with those of colleagues
from different centers.
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Conclusions

There is weak evidence that surgical treatment, if performed within 6 months after
pain debut, leads to better clinical outcomes with regard to radiculopathy. Therefore,
if we decide to treat a patient surgically, it would be better to do so within 6 months.
If our surgical wait lists do not allow early planned surgical intervention, we should
consider surgical treatment only if red flags force us to do so.

Even these studies were not completely free from bias. Since there is an over-
whelming amount of contradictory results from low-evidence studies, it is currently
impossible either to determine the reproducibility of these results or to compare
these findings to other studies of similar quality. There is a need for further high-
quality research and for alternative clinical investigations that would support spine
surgeons in their daily clinical struggle. Future studies should focus on the utility of
surgical treatment as well as on return-to-work data, as both are strong drivers of
healthcare policy.

Box

1. What is known?
Early surgical treatment may improve time to recovery and lower societal
costs.

2. What is new?
Surgical treatment, if performed within 6 months after pain debut, leads to
better clinical outcomes with regard to radiculopathy

3. What are the consequences for clinical practice?
If we decide to treat a patient surgically, it would be better to do so within
6 months. If our surgical wait lists do not allow early planned surgical inter-
vention, we should consider surgical treatment only if red flags force us to
do so.
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The Oblique Corpectomy, Forgotten 1 3
but an Effective Procedure? A Systematic
Review
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and Jos J. M. A. Kuijlen

Introduction

Cervical spondylotic myelopathy (CSM) is the most common cause of spinal cord
dysfunction in elderly [1]. When CSM results in neurological deficits, surgical
decompression is often the treatment of choice, aiming to prevent further decline by
widening of the cervical spinal canal.

In 1993 George et al. [2] reported oblique corpectomy (OC) for the first time
as an alternative technique for the treatment of CSM opposed to the anterior and
posterior approaches e.g. anterior corpectomy with bone grafting with or without
plating, laminectomy with or without fusion and laminoplasty [3—7] The tech-
nique of OC is often performed as a multilevel oblique corpectomy (MOC).
According to Chibbaro et al. [8] the predominant indications for OC are anterior
compression associated with either straightening or kyphosis of the cervical spine,
in the absence of instability [8]. In 1994 Ohara et al. [9] also reported the use of
MOC for treating ossification of the posterior longitudinal ligament (OPLL) of
the cervical spine [9].
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The OC procedure uses a lateral route to access the cervical vertebrae, with close
control of the vertebral artery (VA), to provide a wide window for decompression.
The posterolateral part of the corpus is obliquely drilled out, while the anterior por-
tion is maintained. As a result, the stability of the spine is preserved allowing for
multilevel decompression and obviating the need for arthrodesis. This also reduces
the costs and possible complications that are accompanied by instrumentation. The
technique is considered technically demanding since close control of the VA is war-
ranted and despite several advantages, the usage of OC is not as widespread as that
of the anterior or posterior approaches.

A narrative review was performed by Tykocki et al. [10] on the application of OC
in case-reports, biomechanical cadaveric and clinical studies [10]. They showed that
OC was an effective and safe approach for various pathologies of the cervical spine,
especially for tumors of the ventral part of the cervical spine [10]. Overall clinical
improvement was found to be at least 70% or more, which is comparable to studies
with the central corpectomy [10, 11]. They acknowledged that the approach carries
a high risk (15.7%) of Horner syndrome (HS), but a modification of the technique
was proposed to reduce the incidence of permanent HS. However, limitations of the
review are that the search strategy cannot be reproduced, no information is included
on the risk of bias in individual studies and different studies describing the same
patients were included.

To our knowledge, no systematic review has been performed focusing solely on
the clinical outcome and related costs of OC performed in the recent years.
Therefore, the aim of this systematic review is to present up-to-date clinical data on
the surgical procedure of OC in patients with symptomatic CSM regarding clinical
outcome and related costs.

Method
Study Selection

A comprehensive systematic search that adhered to PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) [12] was performed on the appli-
cation of OC in various pathologies of the cervical spine. The search strategy was
made in consultation with a professional librarian for the databases: Pubmed,
Embase, Scopus, Web of Science and Google Scolar. For this review, only articles
written in English were included and a search filter was applied to exclude articles
published before 2000th. In addition, reference lists of identified reviews were also
searched to find possible eligible articles.

The following key terms were applied in the PubMed search (94 hits, May 7th
2018): (“Spinal Cord”[Mesh] OR “Cervical Vertebrae”’[Mesh] OR cervical[tiab])
AND (“Decompression, Surgical’[Mesh] OR surgical decompress* [tiab] OR
corpectom*[tiab] OR corporectom*[tiab] OR ventral decompress*[tiab] OR
vertebrect*[tiab] OR vertebrotom*[tiab]) AND (oblique[tiab] OR antero-
lateral[tiab] OR anterolateral[tiab]).
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Inclusion and Exclusion Criteria

Clinical studies, cohort studies and case-reports on the application of OC for myelo-
radiculopathy were included in this review. Pure biomechanical/cadaver studies
were excluded, because of the clinical outcome of interest. We were interested in the
following clinical outcome profiles: neurological, functional, cervical range of
motion, sagittal alignment, complication rate and related costs. Only studies describ-
ing one-level or multilevel OC for the treatment of cervical levels C3 t/m C7 were
included. Studies performing OC on levels C1 or C2 were excluded, because the
relatively different anatomy of these vertebrae possible associated with a difference
in clinical outcome. A detailed description of inclusion and exclusion criteria can be
found in the Supplemental Digital Content.

Data Selection and Extraction

The results from the electronic search were screened by two independent reviewers
(NS and AB) on title, abstract and full-text. If any disagreement existed, the opinion
of a third independent reviewer was consulted (JK). Full-text articles were retrieved
for further eligibility assessment. If a full-text version was not accessible, contact
was sought with the first author.

A data extraction form was designed by the same reviewers who performed the
screening and data was collected from the included studies on study design, year of
publishing, patient socio-demographics, diagnosis, intervention details, follow-up,
clinical outcome measurements, radiographic results, complications and costs.

Risk of Bias Assessment

Quality assessment of non-randomized cohort studies was conducted according to
the MINORS-tool (Methodological Index for Non-randomized Studies) [13]. Eight
different items for non-comparative studies and 12 for comparative studies were
scored O (not reported), 1 (reported but inadequate) or 2 (reported and adequate). We
considered low risk of bias when studies fulfilled all MINORS criteria or had a score
above 12 for non-comparative or a score of 20 or more for comparative studies.

For case-series, the modified Delphi technique developed by Moga et al. [14] was
used to assess the methodological quality [14]. Eighteen different items were scored
with yes/no and a score of >70% being yes was of acceptable quality. In addition, the
overall body of evidence was assessed according to the guidelines of the GRADE
(Grading of Recommendations Assessment, Development, and Evaluation) [15].

Data Synthesis and Analysis

For continuous outcome measures, we reported a change in the mean or median
scores. Because of the differences in outcome measurements and the lack of control
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groups, we did not combine studies into a meta-analysis. However, we presented
studies side by side in summary tables and figures to make a qualitative assessment
of treatment effectiveness and complications.

Results
Study Selection

The search strategy yielded 375 potentially relevant citations. Of these, 196 dupli-
cates were identified. The remaining records were screened on title and abstract.
Thirty-six full-text records were selected for assessment of eligibility and of these
an additional 23 articles were excluded. A flow-chart of the selection procedure is
depicted in Fig. 13.1.

MEDLINE Embase Scopus Web of
c via PubMed (n=118) (n _%4) Science
2 (n=94) B - (n=69)
S
£ l l l l
[}
k) Records after duplicates removed (n = 179)
Titles screened Records
(n=179) excluded (n = 48)
(o))
£
c
(d
[
2 Abstracts reviewed Records exduded
(n=131) (n=95)
Full-text articles
= Full text articles excluded (n = 23)
2 assessed for No corpectomy (n = 6)
S SR _ =
] eligibility (n = 36) Additional fusion (n = 6)
C1/C2 corpectomy (n = 3)
Common patients (n = 3)
- Review/technical report (n = 2)
3 No clinical information (n = 2)
2 Studies included for Only abstract available (n = 1)
£ meta-analysis (n = 13)

Fig. 13.1 Flow-chart of study selection process for articles describing oblique corpectomy for
treatment of cervical spondylotic myelopathy
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Study Characteristics

Seven prospective, 3 retrospective cohort studies, 2 case-series and one case report
were identified. The mean age of our patient population (n = 740) was 54 years and
the majority (72.2%) were male. Follow-up times differed across studies, varying
from 6 to 96 months with a mean of 34.2 months. Most operated level was C5 and
most studies performed a multilevel OC (details are provided in Fig. 13.2). Details
regarding the literature studies on patient socio-demographics are illustrated in
Table 13.1.

Risk of Bias Within Studies

Risk of bias was determined according to the GRADE guidlines [15]. The majority
of the studies (n = 9) was assigned to level III evidence and 4 studies were classified
as level IV.

Concerning the risk of bias in the non-RCT studies, no information regarding
“unbiased assessment of study endpoints” was available, except for the study of
Sakar et al. [16] In addition, prospective calculation of “the study size” was not

Fig. 13.2 (a) Division of a
operated levels. (b) One 400 -
level or multilevel
operation ”
€ 300
2
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S 2004
9]
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g
= 100+
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Table 13.2 Risk of bias in non-RCT studies according to the MINORS criteria
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NA= Not applicable
Table showing ratings using the MINORS tool to assess the risk of biases in a group of studies. This tool provides a
grading scale: 0 for not reported (-), 1 for reported but inadequate (?) and 2 for reported and adequate (+).

clearly described in all studies. In total 6/9 studies were considered high risk of bias.
(details are provided in Table 13.2 and the complete risk of bias calculation can be
found in the Supplemental Digital Content).

In all 3-case series, the “aim of the study” was not clearly described, and relevant
outcomes were not measured with appropriate method or statistical test. In addition,
none of the studies provided “estimates of the random variability” in data analysis.
All 3-case series were considered to be of high risk of bias. The complete risk of
bias calculation can be found in the Supplemental Digital Content.

Clinical Outcomes
Japanese Orthopedic Association Score (JOA)

A mean pre- and postoperative JOA score was reported in 8 studies and improve-
ment was seen in all studies. An additional standard deviation (SD) was given in 4
(Koc et al. [17]; Chacko et al. [18]; Kiris et al. [19]; Sakar et al. [16]) and a range
score in 2 studies (Lee et al. [20]; Chacko et al. [18]). The greatest improvement was
seen in the study of Chibbaro et al. [21] after a follow up of 96 months, however no
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information on level of significance was reported. Among all studies, level of sig-
nificance was given in 5/8 studies and was statistically significantin 5 (see Fig. 13.3).

Nurick Grades

A mean preoperative Nurick grade was given in 6 studies and a mean postoperative
Nurick in 5 (the prospective study of Moses et al. [22] did not report a postoperative
Nurick score but reported a clinical improvement of 83% at 6 months follow-up). In all 5
studies the Nurick grade was improved postoperative. An additional standard deviation
(SD) was given in 2 (Chacko et al. [23]; Sakar et al. [16]) and a range in 3 studies (Goel
et al. [24]; Chacko et al. [18]; Moses et al. [22]). The greatest improvement was seen in
the study of Rocchi et al. [25] which was statistically significant (p = 0.002). The level of
significance was also given in both studies of Chacko et al. [18, 23] (see Fig. 13.4).

Cervical Neck Pain Scores

Studies of Kiris et al. [19] and Chibbaro et al [21]. determined cervical neck pain pre-
and postoperative. Kiris et al. [19] used a self-rated 10-point numeric scale to assess
neck pain in which O represented no pain and 10 the most severe pain. Improvement
was seen with a mean preoperative score of 3.7 + 3.8 and mean postoperative score
2.2 + 2.3 respectively. Chibbaro et al. [21] reported the Neck Disability Index (NDI)
and the Visual Analogue Scale (VAS). Mean preoperative NDI was 55.2 which sig-
nificantly improved after 6-weeks follow-up with a mean score of 31.2. The VAS
improved from 65 to 14 after 6 weeks, staying relatively stable thereafter.
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Neurological Cervical Spine Scale (NSCC) and Frankel Grade

The study of Momma et al. [26] used the Neurological Cervical Spine Scale (NCSS) to
determine the clinical outcome after 6 months and 1-year follow-up. No baseline score
was given, but the mean improvement in NCSS was 72% for n = 90 at 1-year follow-up.

The study of Kunert et al. [27] used the Frankel grade to determine clinical out-
come in 4 patients treated with OC for spinal epidural abscesses. One patient died
during follow-up due to cardiac arrest and the clinical outcome of the remaining 3
patients was Frankel grade D in 2 (fair to good motor function below injury level)
and grade E in 1 patient (normal function).

Radiological Outcomes

Information on the spinal canal diameter was given in 3 studies (Kiris et al. [19],
Chibarro et al. [21], Moses et al. [22]). All studies reported an increase in canal
diameter postoperative, among which the largest increase was observed in the study
of Kiris et al. [19] (see Fig. 13.5a).

Four studies reported detailed information on spinal alignment to determine the
efficacy of the OC. In the study of Koc et al. [17], Kiris et al. [19], and Chacko et al.
[23] the preoperative spinal curvature was described. In all 3 studies, most patients
had a lordotic spine preoperative (Fig. 13.5b). Koc et al. [17] and Chacko et al. [23]
also mentioned the postoperative spinal curvature, which was mostly lordotic. In the
study of Chacko et al. [23] 4 patients went from a lordotic spine to a kyphotic spine
and 2 from a straight spine to kyphosis.
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In addition, 11/13 studies described the spinal stability to be maintained, with a
cumulative rate for postoperative spinal stability of 99% (686 out of 694 patients).

Complications

The occurrence of HS was the most reported complication among all studies with a
cumulative percentage of 13%. However, this HS resolved in most studies between
3 and 6 months and was permanent in 20/82 patients with HS (for more detailed

information see Table 13.3).
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Costs

Among all studies, no information was given on the costs of OC. However, two
studies (Chibbaro et al. [21]; Lee et al. [20]) reported the mean operation time,
which was 129 min (range 92-183) and 254 min (range 165-410) respectively.
Regarding operated levels, the study of Chibbaro et al. [21] operated 1-level in 108
and multilevel in 160 patients. The study of Lee et al. [20] did not provide informa-
tion on this.

Discussion

The aim of this systematic review was to evaluate the clinical outcome and effec-
tiveness of OC. We found among all 13 included studies an overall clinical improve-
ment postoperative, unfortunately we had to rely on observational studies of which
the quality was low.

The pre- and postoperative JOA score was the most reported clinical outcome
measurement (8/13 studies). In all studies the JOA score was improved postopera-
tive, but we must keep in mind that the follow-up time differed across the studies.
Interestingly, the study of Chibbaro et al. [21], the largest study (n = 268) with the
greatest improvement after 96 months, did not report any statistical value. In addi-
tion, 5/8 studies did report a statistical value and all of them were statistically sig-
nificant. This could indicate a potential publication bias. A systematic review and
meta-analysis of Zhu et al. [28] demonstrates that a significant higher improvement
in JOA score was seen after anterior approaches compared to posterior approaches
for CSM. The postoperative improvement in JOA score after OC was comparable to
the posterior approaches of the study of Zhu et al. [28] No study has been performed
comparing OC directly to anterior and posterior approaches.

We found among all studies the sagittal alignment to be well preserved. Only one
patient in the study of Koc et al. [17] and 5 in the study of Chacko et al. [18] devel-
oped kyphosis postoperative after a mean follow-up of 16.8 and 18 months respec-
tively. In addition, spinal stability was excellent with a cumulative stability rate of
99% (686 out of 694 patients). Three studies reported information on the preopera-
tive spinal curvature, which was lordotic in most of the patients. This is in contradic-
tion with the study of Chibbaro et al. [8] which describe that predominant indications
for OC are anterior compression associated with either straightening or kyphosis of
the cervical spine [8, 17].

When evaluating safety of the procedure, similar complication profiles were
reported with the most common complication being HS (13%). Such a high incidence
of HS does not occur in studies on other decompression procedures for CSM, which
report mostly instrument-related complications such as graft migration or dysphagia/
hoarseness [28, 29]. The high incidence of HS after OC can be explained by the lon-
gitudinal dissection and lateral retraction of the longus colli muscle during the proce-
dure, which lies medial to the sympathic chain. Therefore, a modification of the
technique was proposed by Chacko et al. [23], which led to a lower incidence of
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HS. Remarkably, no incidence of VA lesion was reported among all studies, while
different studies on OC warn that the approach carries a high risk of VA injury. A pos-
sible explanation could be that because of the well-known risk of VA injury, only
experienced surgeons perform OC leading to a lower incidence. Nevertheless,
Chibbaro et al. [21] acknowledged that the technique requires a learning curve.

Unfortunately, no information on the costs was reported in any of the articles. Two
studies did mention the operation time, which varied but was still comparable to the
anterior and posterior approach [28]. None of our studies provided a cost-effectiveness
analysis, possible because most of the studies were dated before the year of 2010 and
the value of cost effectiveness analysis was mainly recognized after that time frame.
We can postulate that OC is accompanied by lower costs compared to other surgical
procedures, because there is no need for fusion and instrumentation.

There are some limitations to our study that warrant attention. First, the quality
of all included studies was low, and no meta-analyses could be performed because
the lack of control groups. In addition, only articles published in English were
included, which could be a potential publication bias, and most of the studies
focused on the evaluation of neurological and radiological improvement but
neglected to evaluate the overall quality of life. Finally, follow-up times differed
across studies which made comparison difficult.

Conclusion

To conclude, the OC is not a forgotten surgical technique, but other techniques seem to
be more familiar to most surgeons and have a broader indication range. The multilevel
OC is one of the surgical techniques which is appropriate to decompress the spinal cord
in CSM patients, reflected as postoperative improvement in clinical JOA and Nurick
scores (although not statistically confirmed in all studies). The OC technique demands
more experienced skills from the surgeon and therefore a more prolonged learning curve
should be faced if one wants to learn the technique to prevent serious complications such
as VA lesions or permanent HS. Although literature does not elaborate on cost effective-
ness of OC, no additional instrumentation is necessary and therefore direct costs may be
lower in comparison with other instrumented techniques.

It could be suggested to initiate comparative prospective studies on OC in
patients with CSM which, besides clinical radiological outcomes, focus on the
Quality of life (QoL) and cost-effectiveness of the technique.

Box
1. What is known?

Multilevel oblique corpectomy allows for wide decompression of the cervical
spinal canal in patients with CSM, without the need for vertebral
stabilization.
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2. What is new?

Surgeons seem to be more familiar with anterior or posterior approaches,
because when one is facing the OC technique a prolonged learning curve is
required to provide a safe and successful decompression of the cervical spinal
cord.

3. What are the consequences for clinical practice?

The OC is not a forgotten surgical technique and has good results in terms of
both clinical (JOA, Nurick) as radiological outcomes (spinal canal diameter
and stability), but the technique is rather technically demanding and good
clinical practice is required to prevent serious complications such as vertebral
artery lesions or permanent Horner syndrome.
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Introduction

The introduction of cervical spine total disc arthroplasty (CSTDA) in 2002 inaugu-
rated a promise to lower the adjacent level degeneration in patients after cervical
spine arthrodesis [1].

Some patients require other surgeries for new intervertebral disease adjacent to
previously operated levels [2].

Although the nature of adjacent level disease (ALD), whether secondary to a
natural process or due to previous arthrodesis, was under debate, several devices
and products were developed to maintain spine movement close to normal levels
and decrease ALD. A great research and industry effort has resulted in this much
desirable device.

Initial preliminary reports have described good results, but several publications
have pointed towards a lack of effect and complications with CSTDA [2].

Presently, more than 15 years after the initial descriptions, long term results can
be assessed to obtain the results and rates of complication with the use of these
devices [3—14]. The present chapter aims to analyze the effect of CA, as compared
to classical techniques such as anterior cervical discectomy and fusion (ACDF) on
the surgical treatment of symptomatic cervical disc degenerative disease, in studies
with long term follow-up, in order to reveal the risks and benefits in the evidence-
based scenario.
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Methods

In this chapter, a systematic review comparing CSTDA with fusion (ACDF) was
done, in order to reveal the risks and benefits of CSTDA.

Systematic Review Protocol

Studies that evaluated CSTDA at one or two levels of the cervical spine were
included. Eligibility criteria of the papers were based on the population, interven-
tion, control and outcome characteristics of the published papers (PICO) as
described below:

P- patients with myelopathy and/or radiculopathy refractory to conservative
treatment who underwent surgery.

I-Intervention: Cervical spine total disc arthroplasty (CSTDA).

C-Control: Anterior cervical discectomy and fusion (ACDF).

O-Outcomes: Clinically and radiologically important outcomes:

Neck pain, arm pain, specific and generic quality of life scales (neck disability
index (NDI) and SF-36 scale), reoperations: at the index and adjacent levels.

Compound outcomes unrelated to the patient’s signs and symptoms, such as
range of motion, were not evaluated.

Adverse effects were studied.

Method for the Collection of Evidence

Papers retrieved from MEDLINE (PubMed) and Cochrane Central Register data-

bases of randomized trials published from 2002 to December 2016 were evaluated.
Two authors (AFJ and RVB) independently assessed the results of the electronic

literature survey and any divergences were resolved by discussion between them.

The articles were first assessed according to their titles. Papers selected by titles
had their abstracts evaluated, and abstracts selected were assessed in full.

Prisma flow diagram was used to illustrate the identification, screening, eligibil-
ity and finally in order to ensure long-term results, only randomized studies with at
least 5 years of follow-up were included (Fig. 14.1).

The following text words or MeSH® terms were used in the electronic PubMed
search:

“cervical vertebrae”[All Fields] AND “intervertebral disc”[All Fields] AND
((““arthroplasty”’[MeSH Terms] OR “arthroplasty”’[All Fields]) OR
((“arthrodesis”’[MeSH Terms] OR “arthrodesis”’[All Fields]) AND (“random
allocation”[MeSH Terms] OR (“random”[All Fields] AND “allocation”[All
Fields]) OR “random allocation”[All Fields] OR “randomized”[All Fields])))
AND “humans”[MeSH Terms]—450.
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Fig. 14.1 PRISMA flow diagram of search results

The following terms were used in the search of the Cochrane Central Register:

“cervical vertebrae” AND “intervertebral disc” AND (arthroplasty OR
arthrodesis)—52.

Cross-references obtained from the primary articles were evaluated.
The WebPlotDigitizer® software was used to extract the graphic data of the origi-
nal papers [15, 16].
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Data Analysis

Data were analyzed using the Revman package. Values from some studies not
immediately available were recalculated or obtained from graphs or figures. Visual
Analogue Scale (VAS) data were adjusted on a scale from 0 to 100. Statistical het-
erogeneity was assessed using the chi-square test and I%.

Fixed and random effects were used depending on the quantity of the inconsis-
tencies detected. Moderate and high inconsistencies were analyzed using the ran-
dom effect model [17].

Evaluation of Methodological Quality

The methodological quality of published papers was evaluated based on the
Cochrane tool for risk of bias (ROB). The ROB was classified as low, moderate or
high [17].

Methodological quality for each outcome was given by GRADE evaluation.

Results

The search characteristics and the papers included are described in the flow diagram
(Fig. 14.1).

Four hundred and eight studies were selected from MEDLINE and 52 from
Cochrane Central.

After removal of duplicates, 108 abstracts were examined, and 31 articles were
evaluated in full. Ten articles were then included in the study, eight of them related
to one level of arthroplasty [4-11] and two related to two levels [12, 13].

Studies That Reported the Outcomes at One Vertebral Level

Eight single level studies were described [4—11]. Three of them were excluded:

Loumeau [5], Hissey [6], and Delamarter et al. [10] had their papers excluded
because their data were intermediate follow-up results described in more recent
publications. Five studies at one level were evaluated.

Evaluated Outcomes
To accomplish results with only outcomes relevant for patients, clinical and radio-

logic outcomes were evaluated, without mention of composed non-clinical
outcomes.
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Neck Pain (VAS Neck)
Five studies compared neck pain between devices (Fig. 14.2).

A total of 607 patients were evaluated in the arthroplasty group and 469 in the
fusion group in the last follow-up period (data extracted directly from tables and
graphs). The analysis was carried out using the fixed effect model (I = 0). The
difference in mean VAS Neck was 4.6 (CI = 1.63-7.72) points, favoring the
arthroplasty group. As the scale ranged from 0 and 100, this result was close to
zero.

Arm Pain (VAS)
A total of 448 patients underwent arthroplasty and 341 underwent ACDF in the four
studies analyzed (Fig. 14.3).

There was substantial statistical heterogeneity in results, I = 56%. There was no
statistically significant difference among the devices results: —2.19 (—8.54 to
4.17).

Philips et al. [13] evaluated only the worst arm pain with at least 20% improve-
ment. In this model of expressing results, not all patients were compared.

Neck Disability Index (NDI): This is a validated outcome for cervical spine
diseases.

A random effect analysis of the difference(s) between groups revealed an effect
of 4.03 [0.26—7.79] points in favor of arthroplasty (p = 0.05) (Fig. 14.4).

Experimental Control Mean Difference Mean Difference
Study or subgroup Mean  SD Total Mean _ SD Total Weight IV,Fixed, 95%Cl IV, Fixed, 95% Cl
Burkus 55.1 22.96 210 49.9 2289 181 44.7% 5.20 [0.64,9.76] =3
Hisey 52.3 28.62 139 50.51 23.63 64 165%  1.79[-5.70,9.28] -+
Janssen 4567 2052 79 42.88 29.92 73 104% 2.79[-6.67,12.25] -+
Philips 4376 27.68 160 36.9 2422 128 258%  6.86[0.86,12.86] l
Sasso 58.8 3313 19 588 29.36 23 25% 0.00[-19.13,19.13] —_—
Total (95% CI) 607 469 100.0%  4.68[-1.63,7.73] *
Heterogeneity: Chi?=1.51, df= 4 (P= 0.82); ’=0% k + + y
Test for overall effect: Z=3.01 (P=0.003) -100 -50 0 50 100

Favours [control] Favours [Experimental]

Fig. 14.2 Meta-Analysis- Neck Pain (VAS). Difference favors CSTDA group but on a scale rang-
ing from O to 100, the result is close to zero and clinically irrelevant

Control Experimental Mean Difference Mean Difference
Study or subgroup Mean SD Total Mean  SD Total Weight IV,Fixed, 95%Cl 1V, Fixed, 95% CI
Burkus 46.4 27.32 210 47.4 27.095 181 49.6% —1.00 [-6.41, 4.41]
Hisey 55.84 24.65 140 66.24 25.01 64 26.8% —10.40[-17.76,-3.04] —-—
Janssen 40.72 28.35 79 38.83 27.15 73 18.6% 1.89 [-6.93,10.71] -
Sasso 69.3 249 19 626 31.6 23 5.0% 6.70[-10.39, 23.79] 1T
Total (95% CI) 448 341 100.0% -2.59 [-6.40, 1.21] 4
Heterogeneity: Chi?= 6.78, df= 3 (P= 0.08); = 56% k + + 1
Test for overall effect: Z= 1.34 (P=0.18) -100 -50 0 50 100

Favours [control] Favours [Experimental]

Fig. 14.3 Meta-Analysis—Arm pain (VAS). There is no difference between groups
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Reoperation at Index Level (Fig. 14.5)
The description of the results by the authors in the abovementioned studies made it
difficult to separate surgeries performed at the same level and at the adjacent level.
It was assumed that reoperation at any level outside the index level should be con-
sidered reoperation at adjacent level.

The heterogeneity computed among effects in the four studies was low. (tau® = 0;
H =1.00 [1.00; 1.51]; I? = 0.0%). However, one study accounted for 59.6% of the
effect (Fig. 14.5). As per the random model, the odds ratio for reoperation at the
same level between arthroplasty and arthrodesis was 0.5 [0.2909; 0.97], p = 0.01.

Reoperations at Adjacent Levels
Four studies evaluated the number of patients re-operated at adjacent levels
(Fig. 14.6).

The heterogeneity among effects was small (tau® = 0, I> = 0.0%). The odds ratio
of being re-operated at the adjacent levels between arthroplasthy and arthrodesis
was 0.30 [0.1824-0.4896], p < 0.0001.

Adverse Events (AE)
The description of adverse events was too varied and heterogeneous among the
studies, thus preventing a pooled analysis.

Sasso and Hissey et al. did not report any adverse effects [4, 6].

Burkus et al. [9] evaluated adverse effects in both groups of patients. Ninety-
eight percent (97.7%) of patients undergoing arthroplasty and 94.5% of patients in
the ACDF group had at least one adverse effect reported.

Experimental Control Mean Difference Mean Difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, Random, 95%CI IV, Fixed, 95% CI
Burkus 376 17.24 211 326 1896 183 27.1% 5.00 [1.40, 8.60] =
Hisey 37.63 16.13 140 36.96 15.49 64 23.3% 0.67 [-3.97, 5.28] T
Janssen 30.3 20.27 79 31.87 2024 73 175% -1.57[-8.01,4.87] -
Philips 35.05 24.32 151 26.01 17.4 128 22.3% 9.04 [4.13, 13.95] =
Sasso 42.4 18.56 19 34.44 14.95 23  9.7% 7.96[-2.38, 18.30] T
Total (95% Cl) 600 471 100.0%  4.03 [0.26, 7.79] *
Heterogeneity: Tau?=10.24; Chi?= 9.73, df= 4 (P= 0.05); [2=59% k + y )
Test for overall effect: Z=2.10 (P=0.004) -100 -50 0 50 100

Favours [control] Favours [Experimental]

Fig. 14.4 Meta-analysis. Neck disability index. Difference favors CSTDA

Experimental Control Odds Ratio 0Odds Ratio

Study or subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Burkus 11 276 22 265 60.4% 0.46 [0.22, 0.97]

Jackson 4 179 5 81 18.8% 0.35[0.09, 1.33] —_—

Janssen 6 108 8 106 20.8% 0.76 [0.25, 2.27] —_——

Sasso 0 22 0 25 Not estimable

Total (95% Cl) 580 477  100.0% 0.50 [0.29, 0.87] -

Total events 21 35

Heterogeneity: Chi?= 0.89, df= 2 (P= 0.64); I*= 0% F + + {
Test for overall effect: Z = 2.43 (P=0.01) 0.01 0.1 1 10 100

Favours [experimental] ~ Favours [control]

Fig. 14.5 Meta-Analysis- Reoperation rate at the same level. Results favor CSTDA
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Experimental Control 0Odds Ratio Odds Ratio
Study or subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Burkus 1 276 24 265 37.6% 0.42[0.20, 0.87] ——
Jackson 6 179 10 81 21.3% 0.25[0.09, 0.70] —_—a
Janssen 6 103 22 106 32.6% 0.24[0.09, 0.61] PR E—
Sasso 1 22 6 25 8.6% 0.15[0.02,137) — o |
Total (95% CI) 580 477  100.0% 0.30 [0.18, 0.49] =
Total events 24 62
Heterogeneity: Chi?=1.52, df= 3 (P= 0.68); I>= 0% F + + 4
Test for overall effect: Z = 4.80 (P<0.00001) 0.01 0.1 1 10 100

Favours [experimental] ~ Favours [control]

Fig. 14.6 Meta-Analysis- Reoperation at adjacent levels. Results favors CSTDA

Patients in the investigated group had fewer adverse effects than the control
group (20.9% vs 38.9%, p < 0.001), whereas the control group had fewer urogenital
effects than the investigational group (20.1% % vs. 12.2%, p = 0.024).

Philips et al. [8] described AE as VAS associated with dysphagia between the
two groups, neurological success rate and number of patients worsened after the
procedure. The number of worsened patients, and neurological success (main-
tained or improved) was not statistically different. The mean VAS associated
with dysphagia was 8.8 + 15. 7 for arthroplasty and 16.9 + 24.2 for ACDF
(p=0.001).

Jansen et al. [7] reported 48 adverse effects in 30 (28%) of the 106 cases under-
going ACDF and 41 adverse events in 28 (27%) of the 103 cases of ProDisc-C®
arthroplasty. There were no differences among groups in any category of reported
effects (p = 0.8778).

Studies that Reported the Outcomes at Two Levels

Two studies related to the multicenter study of MOBI-C® prosthesis at two levels,
registered by the same RCT number were found [12, 13] and are supposed to be part
of the same study.

Outcomes
VAS arm and VAS neck: The difference in VAS arm pain and VAS neck pain
between groups was not statistically significant.

NDI: The mean improvement in NDI in the arthroplasty group was 37 + 20 ver-
sus the ACDF group 28 + 18 (p = 0.0003). The difference between them was nine
points in NDIL.

SF-36 scale: The mean SF-12 PCS score differences between baseline and
60 months difference for both groups favored arthroplasty: 8.1 + 11.58. There were
no statistically significant differences in the MCS scores.
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Secondary Surgeries

Same Level (Index) Reoperations
In Jackson’s paper, as shown in Table 4 [12], nine CSTDA patients and 10
ACDF patients were re-operated at the same level as before (9/234 vs. 10/105;
p = 0.035).

In Radcliff’s paper [13], in the ACDF group, 7.6% (8 patients) were re-operated
(8/105) while in the arthroplasty group 3.5% (8 patients) were re-operated (8/225)
(p=0.10).

Adjacent Level Reoperation

Adjacent level reoperations in the paper by Radcliff [13]: in the ACDF group 8.5%
(9/105) of patients were re-operated at the adjacent level while 0.4% (1/225)
CSTDA patients were re-operated (p < 0.001).

Jackson’s [12] paper: We recalculated the number of reoperations at the adjacent
level by number of patients operated (and not by the number of reoperations made),
and excluding patient 33, who seems to have had an external cause for reoperation,
(and not an adjacent level disease following ACDF), the difference favors arthro-
plasty (8/234 x 10/105; p = 0.020).

Analysis of Methodological Quality: Risk of Bias (ROB)

Several studies had substantial differences between samples before interventions. In
randomized trials, the samples were significantly different before comparison.

In one study there were mistakes in ascribing patients to each branch of the study
[4].

Some studies included non-randomized patients from training cases. In some
cases, patients were evaluated in the clinical setting. There were discrepancies
between data from earlier and more recent studies [7, 8, 10, 11].

In some papers data were available only based on averages and did not provide
absolute numbers [6]. In other studies [8] it was difficult or impossible to properly
extract data from the text, with regard to the amount of disease from adjacent levels
in each group.

There was substantial amount of sponsor influence in published papers [4,
6-9].

The amount of bias in all the papers was relatively high.

Level of Evidence Table 14.1 describes the quality of evidence for all evaluated
outcomes. The overall level of evidence in all evaluated studies was low: Our confi-
dence in the effect estimated is limited. The actual effect may be substantially dif-
ferent from the estimated effect.
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Discussion

The accumulated experience in spinal deformity correction with balance restoration
in the last 60 years is immense. Experienced surgeons can restore kyphotic spines,
which occur with increasing frequency in older ages, with ACDF. It is not known
whether it is possible with CSTA. With some prosthetic devices, postoperative
kyphosis is a concern. The undesirable effect associated with ACDF is the lack of
mobility in operated segments.

Some studies have shown that the mobility in the decompressed and fused seg-
ments may still improve after ACDF. But CSTDA promises immediate preservation
of spine mobility.

To date, the natural history of intervertebral disc mobility is known to be evolu-
tion to disc narrowing and ankylosis, and it is not known if mobility preservation is
possible, and whether it will benefit patients.

Correcting adjacent levels of disc degeneration would be a desirable effect of
CSTDA.

Any superiority in any clinical outcome from one of the devices would be of
interest to the patients.

Clinically, at one vertebral level, the summary effect on the difference in neck
pain was 4.68 points. As the scale established by the studies ranged from 0 to 100,
the obtained difference was close to zero and not clinically significant.

For the arm pain, there was no significant difference between groups. For the
NDI scale, the difference was 3.71, also without any clinically significant
difference.

Reports of adverse events are extensive and not limited to those caused by the
implants. Most of the adverse events were medical problems not related to the
devices [17].

Number of reoperations at the same level was significantly lower in the arthro-
plasty group. However, two of the studies were responsible for 69% of the adverse
effects. Additionally, the main causes for reoperation were pseudoarthrosis or non-
union in the ACDF group in many patients and imbued certain subjectivity in the
indication. Shriver et al. [18] published a systematic review and meta-analysis with
all prospective studies reporting pseudoarthrosis rates for ACDF with plate fixation.
Overall pseudoarthrosis rate was 2.6% (95% CI: 1.3-3.9). The non-union or pseudo-
arthrosis rates in the CSTDA-ACDF comparative studies were well over these rates.

The analysis of reoperation at two levels also was described differently by the
articles.

There are several limitations regarding the quality of published papers. Some,
although describing themselves as randomized, did not report the mode of
randomization.

There were substantial differences between patient samples for practically all
studies, such as patient age, number of alcoholic patients, imbalances in the pain
scales, and in opioid consumption, among others. These types of imbalances may
interfere with the results and suggest a type of inadequacy of randomization for
treatment or control of the candidates for the procedures.
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There was a significantly greater loss of data in the ACDF group for all studies
and the follow-up losses were high for the long-term results, reducing the quality
of the randomized trials, downgrading the quality of published evidence in this
topic.

There was also high statistical heterogeneity for various outcomes.

Donk et al. [19] evaluate cervical sagittal alignment after three different anterior
discectomy procedures for single-level cervical degenerative disease. They random-
ized patients for anterior cervical discectomy without fusion (ACD—45 patients),
anterior cervical discectomy with fusion by stand-alone cage (ACDF—47 patients)
and cervical arthroplasty (ACDA—S50 patients). Upright cervical spine radiographs
were used to evaluate cervical alignment (angles between C2 and C7 were used as
well as the angle of the involved levels).

After a mean follow-up of 25.4 + 18.4 months, although there were differences
in the involved angles comparing ACD versus ACDA and ACD versus ACDF (in the
ACD group a more negative angle was found postoperatively), the angle between
C2 and C7 did not change between the groups. Regardless the technique used for
single-level cervical disease, the global alignment of the cervical spine was
similar.

Results Published in Existing Systematic Reviews

Some systematic reviews have been published in the last decade. There is a great
difference in design between them. For example, Ma et al. [20] produced results
pooling studies with follow-up time ranging between 1 and 6 years of follow-up.
The authors evaluated several outcomes: Overall success, mean surgical duration,
mean blood loss, mean hospitalization, patient satisfaction, neck Disability index,
VAS pain score, reoperation rate, and complications. The only outcomes that had
revealed differences between procedures were the operative time and overall suc-
cess. The overall success outcome is a composite outcome and not a clinical out-
come and its clinical significance may not be the same across several different
countries. The VAS arm and VAS neck scales appear to have been grouped for anal-
ysis. The methodological quality of evaluated studies seems not to be described.
Luo et al. [21] evaluated adjacent rate degeneration between fusion and Cervical
spine arthroplasty. Follow-up of studies ranged between 24 and 60 months. Authors
provided results based on papers with 24 months follow-up time. Only one study
evaluated, among all, showed difference in the rate of adjacent degeneration between
the devices and this same work was responsible for 27.8% of all summary weight,
shifting the summary effect to the significance level. Boselie et al. [22] provided
results for 1 or 2 years follow-time. At that time they concluded that differences in
effect size were statistically significant but invariably small and not clinically rele-
vant for all primary outcomes.

In this chapter, our analysis was based only on primary studies with long term
follow-up, in which we could evaluate strong clinical outcomes.
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Presumable Benefits and Risks of Each Treatment

Although the described data suggests some superiority for arthroplasty with regard
to reoperation rates, the analysis of the quality evidence does not support the use of
one technique over the other. Although there is some uncertainty related to any
superiority of one device over the other, as the number of complications and side
effects are low, both techniques remain as options for patients. As an option, both
will be similar if the costs involved are similar.

Conclusions

Until now, the knowledge based on long-term randomized trials suggests that both
devices have similar safety and the outcomes are very similar in both devices. The
quality of evidence does not permit any conclusion related to the reoperation rates
due to adjacent level degeneration. Both techniques must be considered as viable
options in the surgeon’s armamentarium.
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Cauda Equina Syndrome 1 5
Due to Ruptured Lumbar Intervertebral
Disc: Optimal Timing for Surgery

Carmen L. A.Vleggeert-Lankamp, Nina S. Korse,
and Henk W. Elzevier

Introduction

Cauda equina syndrome (CES) is a rare neurological condition which is caused by
compression of several of the nerve roots of the cauda equina. In 1929, Dandy was
the first in English literature to publish about CES-like complaints, describing two
patients with CES which were surgically decompressed, stating that it was disc
material causing CES in those cases, and not, as was suggested before, spinal tumor
[1]. Mixter and Barr raised much more attention with their publication 5 years later
in which they demonstrated the positive effects of surgical decompression in 19
patients with CES due to lumbar herniated disc and thus advocated timely surgical
intervention in all such cases [2].

Although CES can be instigated by any pathological process compressing the
cauda equina, e.g. epidural hematoma, tumor, trauma or infection [3], a herniated
lumbar disc is the most common cause of caudal compression in literature (45%)
[4]. The incidence of CES in lumbar herniated disc patients is reported to be about
0.12% of herniated discs [5], and 2—6% in operated lumbar disc herniations [6]. Due
to the strong indication for (emergency) decompression, CES incidence is believed
to be much lower in the total group of sciatica patients.

Clinically, CES is suspected by a combination of complaints, which are not nec-
essarily all manifest at the time of presentation, and which may vary greatly per
patient. The most widespread definition of CES is the one proposed by Fraser et al.
after reviewing hundreds of CES articles, stating that at least one or more of the
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following items must be present for diagnosis: (1) bladder and/or bowel dysfunc-
tion, (2) reduced sensation in the saddle area, (3) sexual dysfunction, with possible
neurologic deficit in the lower limb (motor/sensory loss, reflex changes) [4].

Historically, CES is considered to be a strong indication for prompt surgical
intervention [2]. Thus, in supporting this conception with scientific evidence, CES
research has traditionally concentrated on the effects of time between presentation
and surgical decompression (time to decompression). Probably one of the most
influential publications in this respect is the meta-analysis of Ahn et al. [7], conclud-
ing a significant worse outcome (in sensory, motor, urinary and rectal function) if
time to decompression exceeded 48 h [7]. It was however criticized because of
methodological flaws and its stringent conclusion about the 48 h time frame. This
conclusion was believed to be too strong since figures suggested that early surgery
was more beneficial than late surgery, even within the 48 h group. Critics mentioned
that the conclusion of the safety of the 48 h time frame could lead to devaluation of
the benefits of even earlier surgery [8]. Up to date, several additional studies have
been performed focusing on the timing of surgery in case of cauda equine syndrome
due to a lumbar herniated disc. The main research question in this review is to evalu-
ate whether a smaller time window between onset of symptoms and surgery leads to
better micturition outcome.

Methods
Literature Search Strategy

The initial literature search strategy was performed in PubMed, EMBASE, Web of
Science, and COCHRANE focusing on publications between Jan 2001 till July
2018. This time period was chosen in follow up of the publication of Ahn [7]. All
English-language publications on the influence of timing of surgery on micturition
outcome in patients with a cauda equina syndrome were retrieved. Search strategy
was based on the search strategy as shown in Fig. 15.1.

Selection criteria were stated as followed:

* the article was published in English;

* the study included patients diagnosed with cauda equina syndrome due to hernia
nuclei pulposi (HNP), diagnosed by MRI or CT-scan;

* the study reported function of micturition at follow-up (e.g. post operative), with
a follow-up period of at least 2 weeks;

e the study was a case study (with a minimum of ten patients), cohort study or
randomized controlled trial. Systematic reviews or meta-analysis were not
included;

* the study evaluated micturition outcome with respect to timing of surgery (time
to surgery after onset of cauda equina compression complaints) in different time
intervals, comprising at least the <48 h and >48 h intervals;

* the article was published fully in a peer reviewed journal.
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Search string:
PubMed

(OR "lumbar herniated disk"[tw] OR "lumbar herniated disc"[tw] OR ("Intervertebral Disc
Displacement'[mesh] AND ("Lumbar Vertebrae"[mesh] OR "lumbar"[tw])) OR "lumbar
diskectomy"[tw] OR "lumbar discectomy"[tw] OR ("Diskectomy"[mesh] AND ("Lumbar
Vertebrae"[mesh] OR "lumbar"[tw])) OR "Lumbar Vertebrae/surgery"[mesh] OR "prolapsed
intervertebral disk"[tw] OR "prolapsed intervertebral disc"[tw] OR "discogenic
compression"[tw] OR "lumbar disk"[tw] OR "lumbar disc"[tw] OR "lumbar disks"[tw] OR
"lumbar discs"[tw] OR "Lumbar Vertebrae"[mesh]) AND ("cauda syndrome"[tw] OR "cauda
equina“[mesh] OR "cauda equina“[tw] OR "cauda equine"[tw] OR
"Polyradiculopathy”[Mesh]) AND ("timing"[tw] OR "Operative Time"[mesh] OR "Surgical
Time"[tw] OR "Operative Time"[tw] OR "Time Factors"[mesh] OR "Time"[mesh]) AND
("2000/01/01"[PDAT] : "3000/12/31"[PDAT]))

Embase

(("lumbar disk herniation".mp OR "lumbar disc herniation".mp OR "lumbar herniated
disk".mp OR "lumbar herniated disc".mp OR "lumbar disk hernia"/ OR "lumbar
diskectomy".mp OR "lumbar discectomy".mp OR ("Diskectomy".mp AND (exp "Lumbar
Vertebra"/ OR "lumbar".mp)) OR "lumbar disk surgery".mp OR "lumbar disc surgery".mp
OR "Lumbar Vertebra"/su OR "lumbar disk prolapse".mp OR "lumbar disc prolapse".mp OR
"prolapsed intervertebral disk".mp OR "prolapsed intervertebral disc".mp OR "discogenic
compression".mp OR "lumbar disk".mp OR "lumbar disc".mp OR "lumbar disks".mp OR
"lumbar discs".mp OR exp "Lumbar Vertebra"/) AND ("cauda equina syndrome"/ OR "cauda
equina syndrome".mp OR "cauda equine syndrome".mp OR "cauda equina compression".mp
OR"cauda equine compression".mp OR "cauda syndrome".mp OR "cauda equina"/ OR
"cauda equina".mp OR "cauda equine".mp) AND ("timing".mp OR "Surgical Time".mp OR
"Operative Time".mp OR"Time Factor"/ OR "Time"/) AND (200* OR 201*).yr) NOT
(conference review or conference abstract).pt

Web of Science

TS=(("lumbar disk herniation" OR "lumbar disc herniation" OR "lumbar herniated disk" OR
"lumbar herniated disc" OR "lumbar disk hernia" OR "lumbar diskectomy" OR "lumbar
discectomy" OR ("Diskectomy" AND ("Lumbar Vertebra" OR "lumbar")) OR "lumbar disk
surgery" OR "lumbar disc surgery" OR "Lumbar Vertebra"su OR "lumbar disk prolapse" OR
"lumbar disc prolapse" OR "prolapsed intervertebral disk" OR "prolapsed intervertebral disc
" OR "discogenic compression" OR "lumbar disk" OR "lumbar disc" OR "lumbar disks" OR
"lumbar discs" OR "Lumbar Vertebra") AND ("cauda equina syndrome" OR "cauda equina
syndrome" OR "cauda equine syndrome" OR "cauda equina compression" OR "cauda equine
compression” OR "cauda syndrome" OR "cauda equina" OR "cauda equina" OR "cauda
equine") AND ("timing" OR "Surgical Time" OR "Operative Time" OR "Time Factor

" OR "Time")) AND py=(2000 OR 2001 OR 2002 OR 2003 OR 2004 OR 2005 OR 2006 OR
2007 OR 2008 OR 2009 OR 2010 OR 2011 OR 2012 OR 2013 OR 2014 OR 2015 OR 2016
OR 2017 OR 2018 OR 2019)

NOT ti=(veterinary OR rabbit OR rabbits OR animal OR animals OR mouse OR mice OR
rodent OR rodents OR rat OR rats OR pig OR pigs OR porcine OR horse* OR equine OR
cow OR cows OR bovine OR goat OR goats OR sheep OR ovine OR canine OR dog OR
dogs OR feline OR cat OR cats))

Fig. 15.1 Search strategy in pubmed, embase and web of science
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Cochrane

(("lumbar disk herniation" OR "lumbar disc herniation" OR "lumbar herniated disk" OR
“lumbar herniated disc" OR"lumbar disk hernia" OR "lumbar diskectomy" OR "lumbar
discectomy" OR ("Diskectomy" AND ("Lumbar Vertebra" OR "lumbar")) OR "lumbar disk
surgery" OR "lumbar disc surgery" OR "Lumbar Vertebra"su OR "lumbar disk prolapse" OR
"lumbar disc prolapse" OR "prolapsed intervertebral disk" OR "prolapsed intervertebral disc
" OR"discogenic compression" OR "lumbar disk" OR "lumbar disc" OR "lumbar disks" OR
"lumbar discs" OR "Lumbar Vertebra") AND ("cauda equina syndrome" OR "cauda equina
syndrome" OR "cauda equine syndrome" OR "cauda equina compression" OR "cauda
equine compression" OR "cauda syndrome" OR "cauda equina" OR "cauda equina" OR
"cauda equine") AND ("timing" OR "Surgical Time" OR "Operative Time" OR "Time Factor"OR
"Time")):ti,ab,kw

(("lumbar disk herniation" OR "lumbar disc herniation" OR "lumbar herniated disk" OR
"lumbar herniated disc" OR "lumbar disk hernia" OR "lumbar diskectomy" OR "lumbar
discectomy" OR ("Diskectomy" AND ("Lumbar Vertebra" OR "lumbar")) OR "lumbar disk
surgery" OR "lumbar disc surgery" OR "Lumbar Vertebra"su OR "lumbar disk prolapse" OR
“"lumbar disc prolapse" OR "prolapsed intervertebral disk" OR "prolapsed intervertebral disc
" OR "discogenic compression" OR "lumbar disk" OR "lumbar disc" OR "lumbar disks" OR
“lumbar discs" OR "Lumbar Vertebra") AND ("cauda equina syndrome" OR "cauda equina
syndrome" OR "cauda equine syndrome" OR "cauda equina compression" OR "cauda
equine compression" OR "cauda syndrome" OR "cauda equina" OR "cauda equina" OR
"cauda equine")):ti,ab,kw

AND py=(2000 OR 2001 OR 2002 OR 2003 OR 2004 OR 2005 OR 2006 OR 2007 OR 2008
OR 2009 OR 2010 OR 2011 OR 2012 OR 2013 OR 2014 OR 2015 OR 2016 OR 2017 OR
2018 OR 2019)

Fig. 15.1 (continued)

Quality Assessment

The methodological quality of all studies was assessed using an adjusted version of
the checklist for cohort studies of the Dutch Cochrane Center [9]. The items
reviewed in the assessment were: clear definition of cauda syndrome and clinical
information about patients (saddle anesthesia, radicular complaints, micturition
problems); clear description of timing of surgery; method for assessing outcome
(urodynamic/grading/descriptive); selection bias, and loss to follow-up. Three
points were maximally given for clear description of patient group, timing of sur-
gery and outcome. One point was assigned if there was no selection bias, and one
point was awarded if there was no or less than 20% loss to follow-up. A maximum
of five points could thus be awarded.

Data Extraction

Data from the studies were extracted on number of patients, mean age at presenta-
tion, gender, time interval between start of symptoms and surgery, follow up time
after surgery, number of patients operated in each time interval, and outcome of
micturition. If patients with complete (indicated as CESR) and incomplete (indi-
cated as CESI) cauda equina syndrome (with regard to micturition) were discerned,
outcome parameters were presented separately for each group.
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Level of Evidence

The quality of evidence for all outcome parameters was evaluated using the GRADE
(Grading of Recommendations Assessment, Development and Evaluation) approach
according to Atkins [8] and adapted from Furlan [10].

Results
Characteristics of Included Studies and Risk of Bias

Through our search, 176 articles were identified, of which 127 original articles were
left after removing duplicates (Fig. 15.2). Titles and abstracts were screened, result-
ing in 22 eligible articles. These articles were read full-text and, in total, ten studies
met all criteria to evaluate micturition outcome with respect to timing of surgery in
cauda equina syndrome [ 11-20]. Reasons for exclusion: eight of these studies
appeared to be reviews, two studies were letters to the editors, one study only
reported results on <24 h delay surgery [21] and one article was in Serbian [22]. No
studies were excluded due to absence of micturition symptoms.

In the ten included studies, 559 patients were described (Table 15.1). All were
retrospective studies with relatively small sample sizes (range 18-91), with the
exception of one study that included 200 patients [15]. The mean age of patients
included was ca 40 years without a clear predominance of gender. The time inter-
vals that were distinguished in the articles comprised in general a time interval of
<24 h after onset of micturition complaints, a time interval between 24 and 48 h and
a time interval of more than 48 h after onset of complaints. With respect to follow

Fig. 15.2 Search strategy
in the Cochrane Library d

Records identified through
atabases searching (n = 176)

Records identified
through other sources
(n=0)

Records after removing
duplicates (n = 127)

Articles assessed for
eligibility (n = 22)

Articles excluded

(n=12)

[ Studies included (n = 10) ]
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Table 15.1 Risk of bias

Study (year of N Mean agein | Men | Timing to surgery Follow-up in
publication) (559) | years (range) |in % intervals (h) months
Buchner (2002) 22 42 (22-67) 55 <24 h,>24h Mean 45

[11]
McCarthy (2007) | 42 41 (24-67) 55 3 timing intervals, incl Mean 60

[12] <24, <48, >48

Qureshi (2007) 33 43 (30-79) 58 7 timing intervals, incl 3and 12
[13] <12, <48

Olivero (2009) 31 39 (24-79) 61 3 timing intervals, incl Mean 60
[14] <24, <48, >48

Srikandarajah 200 40 46 3 timing intervals, incl Mean 3
(2015) [15] <24, <48,<72

Foruria (2016) 18 42 (25-71) 44 <48 h,>48 h Mean 12

[16]
Beculic (2016) 25 49 (29-68) 88 5 timing intervals, incl 1 | 6

[17] <48 h and 4 timing

intervals >48 h
Bydon (2016) 45 42 62 6 timing intervals, incl Mean 27
[18] <12, <24, <48
Kaiser (2018) 52 41 (20-86) 42 3 timing intervals, incl Mean 32
[19] <24, <48, >48
Heyes (2018) 91 40 (25-82) 46 <24, <48, >48 At least 24
[20]

up, all articles described a follow up of at least several months if micturition com-
plaints persisted. In case symptoms disappeared after surgery, as for instance
described by Olivero [14], shorter follow up times were described. Mean follow up
time varied from three to 60 months.

Seven studies were assessed to have a low risk of bias, scoring 4 or 5 out of 5
points [10, 12, 13, 15, 17, 18, 23] (Table 15.2). The other three studies showed inter-
mediate risk of bias, mainly due to an inability to rule out selection bias. In none of
these articles selection bias was obvious, however, it was merely the absence of a
clear indication of its absence [12, 13, 16, 18].

Clinical Presentation of CES

Micturition dysfunction was regarded as an important element of CES by all authors
and all articles assessed bladder function at presentation and at follow up. Micturition
outcome was descriptive in all eight studies; none of the studies evaluated micturi-
tion by urodynamic tests. Two articles discerned grades of urinary dysfunction, by
making a distinction between ‘urinary leakage’ and ‘catheter’ [11], and between
partial and complete urinary retention [15], but in both articles, the outcome in the
two groups was comparable. Four articles discerned complete cauda equine syn-
drome (CESR) from incomplete cauda equine syndrome (CESI) [13-15, 18], but
only two of these determined outcome for these two entities separately [13, 18].
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Table 15.2 Risk of bias assessment

Clearly defined
Study (year of Score on risk | patient group, Absence of Absence of
publication) of bias scale | timing and outcome | selection bias | attrition bias
Buchner (2002) [11] ok stk * *
McCarthy (2007) [12] Aokok wokk _ *
Qureshi (2007) [13] Hoksk ok _ *
Olivero (2009) [14] ok oxk * *
Srikandarajah (2015) [15]] ###%* ok * *
Foruria (2016) [16] wHx ok _ *
Beculic (2016) [17] ke ok gk % ¥
Bydon (2016) [18] Hokok otk _ _
Kaiser (2018) [19] R sk i *
Heyes (2018) [20] ol ok * *

Postoperative Micturition Dysfunction in Relation to Timing
of Surgery

In most articles the majority of patients was operated more than 48 hours after onset
of symptoms (Table 15.3). Urinary dysfunction persisted in on average 40% of
patients, irrespective of the timing of surgical intervention. Four articles did not
specifically give results on micturition for the time interval groups separately, but
merely presented the conclusion that there was no statistical significant difference
in outcome comparing those who underwent decompression within 24, 24-48, and
after 48 h of developing symptoms [11-13, 19]. Furthermore, both Qureshi [13] and
Bydon [18] distinguished 7 respectively 6 different time intervals in 33 resp. 45
patients, which results in an inability to find statistically relevant differences
between time intervals.

Two articles discerned patients with a complete (CESR) and an incomplete cauda
equina syndrome (CESI) with respect to micturition [15, 20]. Srikandarajah [15]
defined CESR as ‘painless urinary retention and overflow incontinence + complete
perianal sensory loss’. CESI was defined as ‘altered urinary sensation and partial
perianal sensory loss’. Micturition outcome was only defined as ‘no dysfunction’ if
there was ‘complete normal control of function of the bladder’. Patients with CESI
(139 patients) that were operated on within 48 h had a dysfunction at follow up in
16% of cases, in contrast to those that were operated more than 48 h after onset of
symptoms demonstrating urinary dysfunction of 56% at the end of follow up. An
evaluation was also done for the 24 h time interval: 11% of CESI patients that were
operated on within 24 h (36 patients) had micturition dysfunction at final follow up,
compared to 47% of CESI patients that were operated more than 24 h after onset of
complaints (102 patients). The OR for normal bladder function at final follow up
when operated on within 24 h opposed to after 48 h was 5.04 (CI 1.68-15.14). This
was in contrast to the results for the CESR group in which no correlation of timing
of surgery and micturition outcome could be demonstrated.
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Table 15.3 Outcome

Study (year of Outcome at final follow up and correlation

publication) <24 24 <48 |>48 | timing-micturition outcome

Buchner (2002) 11 11 23% ‘incomplete or poor bladder recovery’, no

[11] correlation

McCarthy (2007) 5 21 16 | 31% urinary retention or incontinence, no

[12] correlation

Qureshi (2007) 7 5 21 | 44% ‘leaking urine’, no correlation

[13]

Olivero (2009) 6 8 19 | >90% ‘not requiring catheterization’, no

[14] correlation

Srikandarajah 29 |16 16 | No correlation

(2015) [15]

Complete (61)

Incomplete (139) 36 |28 75 | <24 h: 11% dysf, >24 h: 47% dysf
<48 h: 16% dysf, >48 h: 56% dysf

Foruria (2016) 6 6 | 25% ‘urinary incontinence’ (3 pts. in >48 h

[16] group), no correlation

Beculic (2016) 9 16 | 89% ‘normal bladder function’ in <48 h group,

[17] 6% ‘normal bladder function’ in >48 h group, no
stat performed

Bydon (2016) [18] |16 |11 18 | 51% bladder dysfunction, six groups, no
correlation

Kaiser (2018) [19] |11 5 36 39% urinary dysfunction, no correlation

Heyes (2018) [20]

Complete (69) 7 15 47 | 25% ‘painless urinary retention’, no correlation

Incomplete (22) 1 4 17 | 45% ‘painless urinary retention’, no correlation

In the article of Heyes [20], CESI was defined as ‘dysuria, frequency, urgency
and altered urinary sensation in the absence of infection’ and CESR was defined as
‘painless urinary retention/neurogenic bladder’. Micturition outcome was distin-
guished in ‘incomplete urinary function’, ‘painless urinary retention’, and normal
function. In this article, no correlation was identified between timing of surgery and
outcome in the CESI group. However, the number of patients in this article is much
smaller, and only 22 patients are allocated to the CESI group, of which 17 patients
were operated after 48 h. In the CESR group, half of the patients was operated after
48 h (9 within 24 h), resulting in 13% of patients still suffering from painless uri-
nary retention at long term follow up. In the group of 9 CESR patients, 57% still
suffered from painless urinary retention at follow up.

Foruria [16] and Beculic [17] reported data in very small patient groups, which
did not lead to statistically relevant data, but the micturition outcome data of patients
that were operated within 48 h were better than those in the patients that were oper-
ated after 48 h.

Level of Evidence

All articles are observational studies and therefore the quality of evidence is low to
very low (Table 15.4). The risk of bias was low to intermediate, but the studies had
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Table 15.4 Reliability of outcome

Study (year of
publication)

Relevance of conclusions on time intervals

Buchner (2002) [11]

No data specified on micturition per time interval

McCarthy (2007) [12]

No data specified on micturition per time interval

Qureshi (2007) [13]

33 patients over 7 time intervals, problem: Small numbers

Olivero (2009) [14]

Micturition outcome does not include bladder dysfunction, problem:
Outcome definition

Srikandarajah (2015) | Numbers are sufficient, outcome is well described, distinction in
[15] CESR and CESI, no problems

Complete (61)

Incomplete (139)

Foruria (2016) [16]
Beculic (2016) [17]

12 patients, problem: Small numbers

Numbers are small, outcome well described, no time interval less than
24 hours, problem: No statistics performed, no conclusions on early
surgery

45 patients over six time intervals, problem: Small numbers

No data specified on micturition per time interval

Numbers in the <24 h and 24-48 h group are small, problem: Small
numbers

Bydon (2016) [18]
Kaiser (2018) [19]
Heyes (2018) [20]

Complete (69)
Incomplete (22)

inconsistent findings, statistics were imprecise (small numbers), publication bias
was unlikely, and the estimate of effect is insufficiently precise. Therefore, the evi-
dence for the statement that micturition outcome after surgery for cauda equina
syndrome due to herniated disc is dependent of the timing of surgery is very low.

Patient Preferences

Without doubt, there is a strong indication for decompressive surgery if a lumbar
herniated disc is compressing the cauda equina to such an extent that micturition
problems arise. Therefore the pros and cons of surgery are not a source of debate.
The timing of surgery is debatable though data available in literature are not conclu-
sive. Patient preference however is in the vast majority of cases to carry out surgical
intervention with minimal delay in order to start recovery and to possibly regain
normal micturition within due time.

Discussion

The current study covers the recent literature describing 559 patients (ten articles)
in follow up of the study of Ahn [7] that was published in 2000, describing 322
patients (42 articles). Ahn’s conclusion was that’ there was a significant advantage
to treating patients within 48 h versus more than 48 h after the onset of cauda equina
syndrome’. The systematic literature that we performed covering the literature from
2000 up till 2018 cannot convincingly confirm nor reject this conclusion.
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There are several reasons why literature does not offer a clear answer to the main
research question. To begin with, the number of patients operated within 24 h or
between 24 and 48 h was in the majority of studies low to very low. This is the same
problem as was encountered by Ahn, according to a critical comment on this review
by Kohles [8]. Ahn described data of 322 patients from 42 articles (mean of eight
patients per article) and in only 11 of these articles data on patients that were oper-
ated in the time intervals ‘<24 h’ and ‘between 24 and 48 h” were described. Besides
that, Kohles criticizes the epidemiological value of the conclusions of Ahn, which
lead to the understatement of the value of early surgical intervention (<48 h).

Secondly, micturition function can be defined differently across studies. It is
obvious that the definition of a ‘good’ outcome is largely dependent on the criteria
for the success of regaining micturition. Olivero, for instance, concludes that out-
come is ‘good’ (micturition is regained) if catheterization is not required at long
follow up [14]. In the concerning article, a group of 31 patients is described of
which 28 required catheterization upon inclusion, and in which only one patient
needed catheterization at long term follow up. This result can be observed as a very
positive result, namely regaining continence in the vast majority of patients, but it is
very well possible that urinary leakage is still present in patients, and that patients
experience this as discomfort and loss of quality of life. Concluding, in giving an
overview of results, the degree of regaining micturition has to be taken into account.

Thirdly, the diagnosis of cauda equina syndrome before surgery is not always
easy to make. An objective tool to evaluate function of micturition would be an
urodynamic measurement, although even with such a tool, a premorbid dysfunction
of the bladder cannot be excluded. In the postoperative setting, this could be a useful
tool, but in the preoperative setting, urodynamic measurement would lead to a delay
in surgery and is therefore not feasible. Another objective evaluation tool is the
degree of postvoiding residue or urine retention. However, incomplete voiding can
also be caused by severe pain, by use of opioids, and by horizontal positioning of
the patient. These factors usually play a role in the patient suffering from a lumbar
herniated disc coincidingly suffering from sciatica. It is therefore difficult to estab-
lish whether a CES is complete before surgery. The included articles all describe a
retrospective setting, in which it is even more difficult to establish the completeness
of cauda equine syndrome. Incomplete CES is however much easier to determine.

Fourthly, the retrospective design of the included studies poses a problem in demon-
strating a correlation between timing of surgery and outcome, since it might be cum-
bersome to determine the exact timing of onset of complaints. In some cases, acute
pain with direct inability to void, combined with sensory loss in the perineum and
buttocks clearly indicates onset of CES. However, in the majority of cases, symptoms
develop more gradually and the onset of micturition problems may be debatable.

An additional problem is the fact that the cause of surgical delay might be cor-
related to prognostic factors, therefore introducing bias. It is reasonable to suggest
that in case of a complete CES, delay of both patient and surgeon is minimal. This
leads to the situation that patients with the most serious urinary incontinence (and
thus: most unfavorable prognosis) are operated in the smallest time frame, which
thus might display a correlation (and not necessarily a causal relationship) of a
small time frame with an unfavourable prognosis. Summarized, this might
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underestimate the beneficial effects of early decompression. This theory is consis-
tent with the results of Heyes [20], who reports postoperative urinary retention in
57% of patients that were operated within 24 h, versus 20% and 13% in the 24-28 h
and > 48 h groups, respectively. In addition, Srikandarajah reports better results on
micturition in the group of CESI patients that were operated within 24 h, but fails to
demonstrated this for the CESR group [15].

The only study that convincingly demonstrated a correlation between timing and
outcome of micturition is the study of Srikandarajah, describing 200 patients and
discerning CESR from CESI [15]. The result is remarkable: CESI patients that are
operated within 24 h have an OR of 504 of regaining normal bladder function com-
pared to the patients operated after 48 h. Even compared to the patients operated
within 24-48 h, the results are better in the <24 h time interval group (OR 1.93). The
group of CESI patients is sufficiently large and the number of patients in each time
interval group is satisfactory. These results could not be confirmed by others: in 8 of
10 studies, CESI was not studied separately and in the other study evaluating CESI
and CESR separately [18], only four patients in the CESI group were operated
within 48 h.

Conclusion

The most obvious conclusion is that surgery for CES due to a herniated disc is per-
formed as timely as possible, even for incomplete CES. Chau [24] similarly con-
cludes from their qualitative systematic review that ‘there is no strong basis to
support 48 h as a blanket safe time point to delay surgery’. Chau advises, like we do,
that ‘the earlier the surgical intervention, the more beneficial the effects for com-
pressed nerves’. This is however not unequivocally confirmed in literature for sev-
eral, above mentioned, reasons.

Box

What is known?

Cauda equine syndrome due to lumbar herniated disc is deemed to be surgi-
cally treated promptly and gives better results if performed within 48 h after
onset of complaints.

What is new?

In incomplete cauda equina syndrome with micturition dysfunction, it is rel-
evant to perform surgery urgently. Moreover, it seems advisable to perform
surgery within 24 h. There is no convincing evidence that in complete cauda
equina syndrome the 48 h time frame should be shortened.

What are consequences for clinical practice?
Not only in CESR, but also in CESI, timely surgical intervention is promoted,
and surgery within 24 h is preferred over longer time intervals.
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The Use of Minimal Invasive Techniques 1 6
for Lumbar Herniated Disc

in Comparison to More Classical

Approaches

Mark P. Arts and Wilco C. H. Jacobs

Introduction

Sciatica due to lumbar disc herniation refractory to conservative treatment is effec-
tively treated by surgery. The primary goal of surgery is retrieval of herniated disc
fragments and decompression of the nerve root. After the historical publication of
Mixter and Barr [1], who performed extensive laminectomy with transdural exci-
sion of the herniated disc, lumbar disc surgery became one of the most frequently
performed surgical procedures worldwide. With the introduction of the microscope
in the late 1960s, Yasargil and Caspar launched the unilateral microdiscectomy [2].
Presently, unilateral transflaval microdiscectomy by using the microscope or head-
light with loupe magnification, is regarded as the golden standard. However, a shift
towards minimally invasive approaches to the spine has started. The rationale behind
minimally invasive spine surgery is less tissue damage, shorter hospitalisation, and
faster recovery while achieving a good clinical outcome comparable with that of
open conventional surgery. Minimally invasive spine surgery has adopted several
techniques from other fields and has been influenced by endoscopy, biochemical
advances, lasers, and image guidance systems. Intradiscal chymopapaine has been
used more than 30 years but has been abandoned since it is less effective than surgi-
cal nerve root decompression [3]. Hijikata and Kambin are credited for their first
report of percutaneous nucleotomy by inserting a 7 mm diameter tube under local
anaesthesia with partial resection of disc material [4]. Choi and Ascher reviewed the
first results of percutaneous laser disc decompression aiming at decreasing

M. P. Arts (D)
Department of Neurosurgery, Haaglanden Medical Center, The Hague, The Netherlands
e-mail: m.arts@haaglandenmc.nl

W. C. H. Jacobs
The Health Scientist, The Hague, The Netherlands
e-mail: wilco@thehealthscientist.nl

© Springer Nature Switzerland AG 2019 237
R. H. M. A. Bartels et al. (eds.), Evidence for Neurosurgery,
https://doi.org/10.1007/978-3-030-16323-5_16


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-16323-5_16&domain=pdf
mailto:m.arts@haaglandenmc.nl
mailto:wilco@thehealthscientist.nl

238 M. P. Arts and W. C. H. Jacobs

intradiscal pressure and subsequent nerve root relief [5]. The concept of posterolat-
eral endoscopic discectomy changed from central nucleotomy to transforaminal
nerve root decompression, which was launched by Hoogland [6] A few years later,
Foley and Smith introduced the transmuscular approach of microendoscopic tubular
discectomy with advanced optics and instruments applicated in laparoscopic sur-
gery [7], which was later modified with the operative microscope.

Nowadays, many thousands of patients have been operated by minimally inva-
sive techniques in public and private hospitals, mainly stimulated by commercial
interests. However, the literature regarding minimally invasive spine surgery is criti-
cized as being overly optimistic and scientific proof supporting the superiority of
minimally invasive techniques is often lacking. Therefore, every new minimally
invasive technique should be compared with the golden standard open technique
(unilateral transflaval microdiscectomy) by means of randomized controlled trials
prior to implementation the new procedure on a large scale.

In this chapter we will outline the literature on randomized controlled trials
focussing on various minimally or less invasive surgical techniques in the treatment
of patients with symptomatic lumbar disc herniation. By this means we may answer
the question whether minimally invasive techniques are at least as effective as con-
ventional open microdiscectomy.

Methods

From 2000 up to 2017, all randomized and quasi-randomized controlled trials in
any language were identified. All surgical interventions and techniques in the treat-
ment of lumbar intervertebral disc prolapse were included. We used the PRESS
criteria for literature search and GRADE criteria for assessing the level of evidence.
Based on these criteria, we have included a total of 20 randomised controlled trials
evaluating the outcome of 2249 patients.

We have defined four different minimal invasive treatment strategies and com-
pared these with conventional open discectomy: (1) microscopic discectomy (by
using microscope or loupe-headlight) vs. open discectomy, (2) microtubular discec-
tomy (by using endoscope or microscope) vs. open discectomy, (3) percutaneous
discectomy vs. open discectomy, and (4) percutaneous ablation vs. open
discectomy.

Results
Microscopic Discectomy Vs. Open Discectomy

Three studies on 473 patients were included [8—10] (Table 16.1). Both microscope
and loupe-headlight combination were regarded as microscopic techniques. There
was no difference in clinical outcome between microscopic discectomy and open
discectomy. Conventional open discectomy has a reduced surgical time compared to
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microscopic surgery, but only in cases where a microscope is being used. Microscopic
discectomy has less blood loss and a smaller incision length, as compared to open
discectomy.

Microtubular Discectomy (by Using Endoscope or Microscope) Vs.
Open Discectomy

Ten studies have been included on 1168 patients [9, 11-21] (Table 16.2). There was
no difference in clinical outcome between microtubular discectomy and open dis-
cectomy, with regards to leg pain and quality of life. There was conflicting evidence
on back pain and functional performance as measured with the Oswestry Disability
Score (ODI). Surgical time is longer in the microtubular discectomy group, while
incision length was shorter. Also long-term follow-up showed no difference.

Percutaneous Discectomy Vs. Open Discectomy

Five studies on 493 patients were included [22-26] (Table 16.3). There was no dif-
ference in clinical outcome between percutaneous discectomy and open discectomy,
although percutaneous surgery may result in shorter hospitalisation. There was con-
flicting evidence for leg pain, where one study found a significant difference favor-
ing PTED [24], while two others found no difference [25, 26]. However, long-term
data is lacking.

Percutaneous Ablation Vs. Open Discectomy

Three studies on 473 patients [27-29] (Table 16.4) were included focusing on laser
disc decompression including one study on hydrosurgery [29]. There was no differ-
ence in leg and back pain between percutaneous ablation and open discectomy.
Nearly 50-70% of the patients treated with percutaneous ablation techniques had a
successful outcome and, consequently, open surgery was prevented.

Level of Evidence

Overall, the level of evidence was “low” or “very low” for almost all comparisons
(Table 16.5). The main reasons for downgrading the level of evidence was risk of bias in
included studies and possible reporting bias, where not all studies report the required
outcomes. Only for leg and back pain there was “high” level of evidence for an absence
of difference between open and ablation techniques. Further, there is moderate level of
evidence for shorter length of stay for percutaneous transforaminal and/or endoscopic
discectomy compared to open microdiscectomy. For microscopic assisted techniques
there was “low” or “very low” level of evidence for lower operative trauma (blood loss,
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