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DISCUSSION

The overall aim of this thesis was to evaluate the effectiveness of surgical treatment
approaches for patients with traumatic acute subdural hematoma (ASDH). The
main research questions were:

I.  What is the current evidence on the effectiveness of surgical treatment of
ASDH?

II. What is the current practice in treatment of patients with ASDH in Europe?

IT1I. Which study designs and analyses are suited to determine the effectiveness of
surgical treatment of ASDH?

IV. Whatis the effectiveness of different treatment approaches (surgery versus initial
conservative treatment and decompressive craniectomy versus craniotomy) for
ASDH?

In this chapter I first discuss the key findings of the thesis. Thereafter, I reflect on the

key findings, critically appraise surgical intervention research using observational

data, and discuss limitations. Finally, I propose recommendations for clinical practice
and future research.

KEY FINDINGS

I first studied the current evidence (Part I) of surgery for ASDH in a systematic
review. Available literature was limited to observational cohorts or case series, with
selected populations, mostly performed more than two decades ago. There were no
comparative studies. In a meta-analysis comparing contemporary surgical prognosis
with historical conservative prognosis I concluded a strong effect of surgery in
comatose patients.

Surveys of current practice (Part II) showed large practice variation with regard to
whether to operate ornotin ASDH. In addition, the willingness among neurosurgeons
to randomize to surgery or conservative treatment was low.

In Part I1I we studied the methodological challenges of studying acute neurosurgical
interventions using observational data. I evaluated which analysis strategy would
be best suited to minimize the confounding in studies on acute neurosurgical
interventions. Instrumental variable (IV) analysis might provide a more valid
estimate of the treatment effect compared to conventional analytical methods. The
methodological justification of this design and the data collection and the analysis
were documented in a protocol for the actual effectiveness study.

In Part IV I determined the effectiveness of neurosurgical interventions in acute
subdural hematoma. In a retrospective comparative effectiveness study comparing
treatment preferences of two centers, I concluded that a treatment strategy favoring
emergency hematoma evacuation might be associated with better outcome.
However, residual confounding might explain the results and, therefore, larger,
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prospective, comparative studies with more hospitals were needed. I then performed
a prospective comparative effectiveness study that showed that similar patients
with ASDH were indeed treated differently due to varying treatment preferences.
A treatment strategy preferring an aggressive approach of acute surgical evacuation
over initial conservative treatment was not associated with better outcome. Finally,
I showed that a primary decompressive craniectomy (DC) does not seem to lead
to a better outcome than ASDH evacuation by craniotomy although the results are
uncertain due to a small sample.

REFLECTION ON KEY FINDINGS

The thesis is the result of a stepwise, tinkering process in trying to find ways to
determine the effectiveness of a longstanding surgical intervention, acute surgery
for ASDH, that is considered well-established among the expert community. I have
critically appraised the proof of concept (IDEAL framework stage 1) by developing
and exploring methods (IDEAL stage 2) to asses and falsify the supposed benefit of
acute surgery (IDEAL stage 3).

Especially as neurosurgeons, we know that acute surgery in ASDH can be highly
effective in specific cases. My first study came about in my wish to integrate this
neurosurgical common sense with evidence-based medicine. I presented the first
published systematic review of ASDH surgery. Despite the lack of comparative
studies, I could reliably demonstrate that surgical evacuation of ASDH greatly
reduces mortality risk in comatose patients (Chapter 3). The methodology stems
from a paper using meta-analysis with ‘dramatic effect’ methodology to deduce
the effectiveness of a parachute.” This methodology resonated with us because the
comparison of research in ASDH surgery to a parachute in skydiving had often been
made.”

This study also highlights the improved care for patients with severe TBI and ASDH
over the past century in modern well-resourced hospitals.’ Targeted and efficient
neurosurgery, advances in neurocritical care and the widespread introduction of
CT-scanners and ICP monitors have decreased mortality in severe TBI dramatically.*
Most cases of ASDH, however, do not present in comatose state and most cases are
not treated surgically (Table 1).

In Chapter 3 I conclude that the current evidence base has not improved since the
publication of the widely known Brain Trauma Foundation (BTF) guideline in 2000.
“To operate or not’ therefore remains a decision surrounded with uncertainty. In
Chapter 2 I, therefore, have tried to move the needle among the scientific community
and policy makers from the focus on descriptive small studies, reporting on prognosis
of either treatment arm, to well-designed comparative effectiveness studies that aim
to answer the actual relevant intervention question.
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Subgroup Number who had
surgery/total number

Age

<65 years 202/725
=65 years 90/435
TBI severity

Mild TBI 62/542
Moderate TBI 58/193
Severe TBI 172/425
Haematoma size

Large 221/309
Small 71/851
Total 292/1160

Table 1. Proportion patients surgically treated of the CENTER-TBI cohort of patients with acute
subdural hematoma, stratified for specific subgroups

The surveys (Chapter 4 and s5) showed large variation for treatment strategies in
TBI, specifically for everyday ASDH cases (Figure 1). Although the regional variation
in surgical treatment of ASDH has not been shown in the literature, other studies
have shown that variability in treatment of TBI exists.>® Moreover, in only 17% of
a random sample of (brain) trauma patients care delivered according to the BTF
guidelines, suggesting a variable approach.” In addition, there exists a difference in
point of view among neurosurgeons with respect to combining the evacuation of an
ASDH with a DC.*

The existing variation might be a sign of unwarranted care differences, but also
a reflection of real-life neurosurgical practice in TBI. Decisions are made under
large uncertainty, constrained not only by limited evidence, but also by time, in
an emotionally charged environment, at moments when regular consultation with
colleagues is difficult. Furthermore, clinicians need to make accurate prognostic
estimates to inform surgical decision-making but this process is at best unequivocal.”
What makes matters worse is that there seems to be a seemingly reasonable quality
of life after severe TBI, which might be attributed to the disability paradox.’
Subsequently, I explored whether an RCT, the superior methodological approach
for causal inference in clinical epidemiology,” would be possible. Unfortunately, the
survey showed not enough willingness among neurosurgeons to randomize patients
with an ASDH. Thus, I concluded that there is at present not sufficient clinical
equipoise while, at the same time, opposite treatment strategies for similar patients
are employed. An explanation for this contradiction might be that neurosurgeons
extent the clear role of surgery in specific cases of ASDH to other - more uncertain
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Figure 1. Regional variation with respect to operate or not in ASDH

Bar graph with percentages ‘yes’-answers to the question whether surgery is indicated for these hypothetical
clinical cases, stratified in three regions. Adapted from published paper in Chapter 4 and presented at the
‘11th Symposium of the International Neurotrauma Society’ in Budapest, Hungary, march 2014.

- cases. Another explanation might be that this absence of clinical equipoise
among the neurosurgical community implies a practice sometimes justified by the
unique nature of surgery, an idea referred to as (neuro)surgical exceptionalism,
which renders commonly used research methods from other medical disciplines
unsuitable.” Anyway, starting an RCT would clearly not have been worthwhile, at
least at the time in 2016.

Instead, I explored study designs that could reach the same level of validity. The idea
was to setup a study that was specifically designed to exploit the existing variation.
The resulting natural experiment mimics the counterfactual ideal of an RCT.”™
The methodological framework is called an IV analysis. This method originates
from econometrics. An IV is a variable that is correlated to the treatment, but not to
outcome. My hypothesis was that regional treatment preference is a valid IV.

In Chapter 6, we estimated, that, given the non-randomized data, an IV analysis is
the superior approach because of its ability to account for unmeasured confounding
but needs relatively large sample sizes to obtain reliable estimates. In addition, I
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concluded that alternative methods should be used simultaneously to strengthen the
credibility of effect estimation. Both conclusions are in line with an abundance of
literature in other fields.*>"

In Chapter 7 I suggested this approach in a letter to the authors of an observational
study investigating the effect of surgical evacuation for another — but related —
condition, the spontaneous intracerebellar hematoma.” Intracerebellar hematoma
is pathophysiologically and anatomically different but the decision whether to
operate or not represents a similar decision leading to similar considerations
regarding potential study designs. I felt that the findings, based on propensity score
matching, might be spurious due to (unmeasured) confounding. Instead I proposed
a center-preference based IV because the cohort stemmed from 64 centers, with
likely differing practice culture among institutions. In their response the authors
indicated that they performed this analysis and that it led to similar results as with
their original method.” They showed a considerable increase of the point estimate,
albeit with a large confidence interval (including 1; no effect). Therefore, I contest
their conclusion that the new IV analysis supports the robustness of the analysis.
Instead, I suggest that it might point to an overall beneficial effect for early surgery.

After this intermezzo on intracerebellar hematoma I shift the focus back to traumatic
ASDH. I collected data in the centers with the most divergent treatment preference
from our national survey (region 1 and 3 in Figure 1) to compare patient characteristics,
treatments and outcomes between them (Chapter 9). I show that indeed the strategy
of regional data collection and analyses resulted in a comparable baseline prognosis.
Despite this comparability, patients were more likely to be operated in the center
a-priori preferring acute surgery. It appeared that the region preferring surgery
actually had a better outcome. However, the small sample, residual confounding on
center level with differences in referral patterns, and the inability to sufficiently take
immortal time bias into account were major limitations.*® Further, generalization to
clinic should take into account the relatively high age of 68 (median). So, we would
need larger cohorts with more detailed data collection that allowed for more rigorous
adjustment and extrapolation.

The preceding studies shaped the methodology of my studies performed in the
international Collaborative European NeuroTrauma Effectiveness Research in
Traumatic Brain Injury (CENTER-TBI) study, and the Dutch Neurotraumatology
Quality Registry (Net-QuRe) initiative.*** In the protocol I described the
methodological choices (Chapter 8). Specifically, immortal time bias has been
addressed through the design, in which I defined treatment groups after the first
CT scan (showing the acute subdural hematoma), thereby aligning the start of the
follow-up with treatment assignment. As a primary analysis an IV analysis was
chosen to account for the confounding by indication.
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The thesis culminates in the comparative effectiveness study (Chapter 10). The
widely differing surgical practices coming from centers that on average treat
similar patients enabled exploration of effectiveness of the immediate treatment
strategies in IV analysis. I showed that for most patients with an ASDH conservative
treatment is preferable. This conclusion has gone through ample evaluation to
verify the assumptions but challenged the neurosurgical status quo.*># In Chapter
11, an ‘author’s reply’ to a letter to the editor, I respond to some of these opposing
arguments, discuss concerns that might have arisen among neurosurgeons globally
and emphasize the results of our effectiveness study of acute surgery in ASDH. I will
further discuss the validity and generalizability in the next section of this discussion.
Uncertainty also exists on the benefits of a DC, a procedure that aims to mitigate
effects of raised intracranial pressure by removing part of the skull. DC is frequently
performed in combination with the evacuation of focal lesions, but is associated with
severe complications and its additional benefits are only mechanistically clear. DC can
be performed as primary procedure (combined with evacuation of a hematoma) or
as secondary procedure (to decompress the brain). In Europe and Australia, inferred
from the CENTER-TBI and the harmonized Australian OzENTER cohort studies,
DC was performed in 320 patients, and in most conducted as primary procedure
(258/320; 81%). In other parts of the world, DC is performed even more frequently:
In the China CENTER-TBI registry, DC was performed in 48% of patients with severe
TBI (1354/2804), mostly as a primary procedure.* Previous trials have investigated
the effectiveness of DC as secondary procedure, but until recently no evidence was
available to support the use of DC as primary procedure. The advantage of a DC is
that it more effectively controls ICP elevation, which could lead to secondary brain
injury and poor clinical outcome. However, DC necessitates an additional operation
(cranioplasty) to reconstruct the cranium and the associated risk of complications
such as infection, cerebral edema and bone-flap reabsorption.” Literature on the
effect of primary DC versus craniotomy to treat ASDH is inconsistent, with mostly
worse outcomes for primary DC."**7*' In a similar analysis as our preceding study
on acute surgery vs conservative treatment in ASDH, I showed that there is no
difference in outcome between a primary DC vs craniotomy. Hence, a craniotomy,
a less invasive procedure, is preferred (Chapter 12). An important limitation is the
small sample size of the study (although still the largest to date), resulting in a wide
confidence interval possibly obscuring a clinically relevant effect.

CHALLENGES AROUND ANALYSIS AND INTERPRETATION OF OBSERVATIONAL STUDIES ON
ACUTE NEUROSURGERY

In the process of interpreting, reporting and publishing the results of our main
effectiveness study (Chapter 10), extensive discussions took place regarding
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the (causal) interpretation. I have adhered to several guidelines for the conduct
and reporting of IV analysis (Table 2),%"**” but these discussions highlight the
challenges in disseminating results from non-randomized interventions studies

Confounding

An 1V analysis is preferable in a setting were strong confounding is expected because
of its ability to control for unmeasured confounding. I performed preparatory
methodological studies and showed the same holds true for our case study of acute
neurosurgical decisions in TBI.?**° However, IV also relies on strong assumptions
itself, which are not always met. Our IV, surgery treatment rate as a proxy for
surgeon’s preference, fulfils these assumptions; the centers’ treatment preference
predicts the likelihood to get acute surgery and the preference does not have an
effect on outcome other than through surgery (Chapter 7 and 10).5** Furthermore,
I found similar effects in propensity score matching and multivariable regression
adjustment. The consensus is when multiple methods give similar results, like in
our study, it tends to strengthen the credibility of the findings. It may be argued that
confounding is fully controlled.”"”

An instrumental variable is a variable in nonexperimental data that can be
thought to mimic the coin toss in a randomized trial.

If an appropriate and valid instrument is found, then the effects of
measured and unmeasured confounding can be mitigated.

An IV analysis always has an experimental analog, however absurd the
experiment sounds. The IV analysis is therefore based on “a natural
experiment.”

Assumption (1): The IV must predict treatment but that prediction does not
have to be perfect. An IV that does a poor job of prediction is said to be
weak.

Assumption (2): A valid IV will not be directly related to outcome, except
through the effect of the treatment.

Assumption (3): A valid IV will also not be related to outcome through
either measured or unmeasured paths.

In a randomized trial, the assumptions are met by design in the act of
randomization. In an IV analysis, these assumptions must be empirically
checked to the extent possible or assumed based on context and subject
matter knowledge.

In cases of treatment-effect homogeneity, IV studies estimate the effect on
the marginal subject, the average treatment effect for patients whose
treatment was determined by the instrument

Abbreviation: IV, instrumental variable.

Table 2. Key points about instrumental variable analysis
Adapted from ®
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However, the analysis through center-specific surgery rates might have induced
new confounding on center level. The question is whether the effect of specific
neurosurgical treatment choices/policies on outcome can be based on between-
center variation without being residually confounded by other associated center
characteristics. Unfortunately, I cannot exclude that other (unmeasured) regional
differences might have distorted the findings,” but I tried to make reasonable that
this confounding is minimal. I have accounted for these center differences through
various ways. The primary analysis, with the IV as treatment variable and GOSE
as dependent outcome variable in regression modelling, also included a random
effects term for center, thereby adjusting for center clustering of other care processes
or hospital structures. These random-effects accounts for other between-center
differences than the factors included in the model. I calculated the post-hoc intraclass
correlation coefficient (ICC) to be 0.018, so around 2% of the variance in outcome is
explained by center. This confirms the small contribution of other center differences
than acute surgery to outcome. Furthermore, another CENTER-TBI study showed
that specific treatment choices did not correlate with other treatment choices
within the centers.” This is in line with what would be expected, because treatment
decisions are made by different medical specialties.

Monotonicity

Center preference relates to the policy in a specific center, e.g. a more aggressive
or a more conservative approach to surgical indications. The decision in individual
patients is primarily based on patient symptomatology, but is of course influenced
by the centers’ treatment preference. As mentioned, an IV analysis relies on strong
assumptions. One of these is whether the center preference is actually employed in
the cohort in which we estimate the treatment effect. There can be a discrepancy
between the center preference and what treatment is actually initiated. In RCT
terms, what is the compliance to the center policy?

This is a relevant methodological assumption in IV analysis, commonly referred to
as the monotonicity assumption.* Monotonicity in our case refers to consequent
decision-making of the neurosurgeon: a patient treated by a neurosurgeon that prefers
acute surgery, ‘should’ predominantly treat with acute surgery. When patients do not
‘comply’ to the surgeon’s preference or the preference is not consequently employed,
the monotonicity assumption does not hold. In other words, true monotonicity
requires an absence of defiers. To determine the possible discrepancy of the center
preference versus the actual individual patient decision we need to know whether a
patient has been treated according to the preference of the surgeon (or the center).
However, surgeon’s preference is not measured per patient, and, even more elusive,
preference in itself might not be measurable. In an RCT it is clear when a study
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patient did not receive the treatment that was determined by the randomization.
Thus, the monotonicity assumption in an IV analysis cannot be tested and is
normally not empirically verified.*®

However, I tried to examine this assumption in our study. We compared predefined
preferences towards immediate ASDH treatment (measured with a questionnaire) to
actual surgery rates and found these to correspond well. Thus, the stated preferences
directly mapped to patient treatment, i.e. we are comparing consistent preferences.
We also have some other indirect measures from which we can deduce consistency.
For example, the majority of neurosurgeons (at least in our study) confirmed the
statement that structural practice variation for our research question exists (Chapter
4 and 5).

Generalizability and treatment effect heterogeneity

Generalizability boils down to the question to whom the effect estimate applies. In
epidemiological terms: what is the “marginal patient” in this IV analysis (Table 2)?
Similar to other study designs (including randomized clinical trials), in an IV analysis
with a proxy for physician’s preference as IV, the effect estimate also arises from the
full study population, with individuals contributing with unknown weights.>**" In
IV this means that the treatment effect stems from those patients in whom practice
variation is present. We found that practice variation is present even in patients with
an extreme prognosis. So, the effect estimate may well apply to the full population.
An important nuance is that the effect estimate pertains less to the patients with an
extreme prognosis - because they might either never be treated or always be treated —
but the precise cutoffs as to what entails an extreme prognosis cannot be well defined.
I repeated the main analysis in a group of patients excluding the extreme patients at
either end of the treatment spectrum (patients with one or more unreactive pupil, or
who are GCS 15), and found a similar effect estimate. We, therefore, conclude that
the treatment effect does apply to the total study population. And importantly, the
treatment effect is robust for a middle group, which, although ill-defined, probably
contributes the most to the effect estimate.

Another related aspect is that the treatment effect may differ across patients. Whether
we can apply the estimate to the full study population, also depends on whether
we can expect homogeneity of treatment effects, in which case, like in an RCT, the
estimate effect is valid among the full study population, i.e. the estimand is the
average treatment effect (ATE). We do have circumstantial evidence of heterogeneity
of acute surgery. Comatose patients with a large ASDH greatly benefit because their
risk of dying is greatly reduced (Chapter 3). Our retrospective study (Chapter 9) gives
a suggestion of benefit in patients older than 65 years. And subgroup analyses of the
main study (Chapter 10) suggest some treatment effect heterogeneity: older patients
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and patients with large hematoma might benefit (Chapter 10). Nevertheless, without
a convincing suggestion of treatment effect heterogeneity, the overall treatment
effect is interpreted as being applicable to all patients in the study, as in other study
designs.

On the other hand, when we do assume treatment effect heterogeneity, the
generalizability becomes more abstract. We have to rely more on whether the
application of the surgical preference is consistent across all (types of) patients; i.e.
on monotonicity. In that case the estimand becomes the local average treatment
effect (LATE); the treatment effect is applicable to those patients of which the
treatment has been determined by the IV.*> Monotonicity complicates matters
because it is unclear whether a patient is treated under the preference that is similar
to that of the instrumental variable. This inability to define who is a complier or a
defier makes inferring to whom the effect estimate applies indeterminate. Thus, the
inherent difficulty to define the patient population in IV effect estimation precludes
recognizing the exact average treatment effect.

Importantly, patient characteristics always play a role when deciding on surgical
treatment and knowledge of clinical practice suggests that for some patients even
a (valid) IV plays no role in determining treatment assignment; they always or
never will be treated. And just as clinicians use caution in generalizing findings
from randomized trials, clinicians interpreting our study should use caution in
determining whether the IV estimate applies to their patient. Treatments can have
different effects in different patients. Positive and negative effects might even cancel
each other.** IV analysis is even more complicated to interpret. A valid request might
be a more extensive evaluation of the treatment heterogeneity than provided until
now. These studies have not been performed yet and will be challenging since they
require very large sample sizes.

We conclude that the effect estimate applies to those patients for which the
neurosurgeon may hypothetically be in clinical equipoise, or in other words for
which there seems to be more than one valid treatment option.

LIMITATIONS

Terminology

The presented studies are observational and inherently prone for bias. Reviewers
have often argued that it would be more appropriate to use an associative denotation
to describe our results (‘association’ instead ‘does not lead to’ for example). On most
occasions we accepted and resigned ourselves.

We faced a considerable challenge in formulating the conclusions, finding the
appropriate balance between describing the findings and causally inferring our
association estimates. However, though the observational nature of our studies
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certainly imposes difficult methodological challenges to infer causality, that does has
not influence the initial aim of our research: to study causal effects. The use of the
word ‘association’ in intervention research has no benefits and only confuses.” Or as
causal inference researcher Miguel Hernan put it: “If your thinking clearly separates

association from causation, make sure your writing does too.”*®

Power

For the power calculation of the IV analysis we assumed an odds ratio of 0.6, which
is a fairly large treatment effect. We based this treatment effect on the available
evidence and on a pilot study (Chapter 8).*3* We actually employed a smaller effect
size than our pilot study showed (Chapter 9) to account for the uncertainty due to
its small sample and the possibility residual confounding. The assumptions for the
power calculation may, nevertheless, raise the question whether the absence of an
effect of acute surgery or DC may be explained by an insufficient sample size to
exclude small but clinically meaningful effects.

I consider that unlikely for acute surgery versus conservative treatment. All the
analyses show robust odds ratios close to 1. We reported the uncertainty in these
estimates through confidence intervals; not by claiming non-significance in the
p-values. For DC versus craniotomy it might be the case that a smaller effect might
have gone unnoticed since the confidence interval is wide (i.e. 0.5-1.5 for the original
primary analysis excluding centers < 15 patients). Nevertheless, I analyzed the data
since it might benefit future meta-analysis. Whereas sample size calculations are
worthwhile in deciding whether a prospective study (e.g. RCT) can realistically be
achieved in terms of ethics and logistics, not analyzing already collected data is not
a rational strategy.”

Obviously, larger sample sizes are preferable to reduce statistical uncertainty.
However, the current results are highly relevant for clinical practice. Practically
speaking, CENTER-TBI is one of the largest studies in TBI performed so far and it is
unlikely that in the near future larger studies will address these research questions.

Examining treatment preference

Center as a surrogate marker for treatment preference is an assumption of our
IV analysis. Comparing the international survey to the case-mix adjusted surgery
rates did allow falsifying the consistency of the treatment preferences. However,
the treatment preference could have been explored more in detail. A solution could
have been to present the hypothetical cases of the Dutch/Belgian survey also to
neurosurgeons in Europe. Another alternative for defining the instrument would
have been to determine how centers and neurosurgeons within each center treated
patients with ASDH the year before patient inclusion. Such external instruments are
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different from the center’s case-mix adjusted surgery rate, which is an instrument
defined internally, i.e. through the same data in which we estimate the effect.
Nevertheless, we estimated that both validation strategies of treatment preference,
hypothetical cases to every neurosurgeon of all 65 participating centers and collection
of prior treatment decisions, would not work for pragmatic reasons. Specifically, the
number of questions already required a lot from the respondents. Increasing the
survey would have risked noncompliance leading to missing data. The quantification
of prior treatment strategies was also considered to be too time intensive.

Exploration of monotonicity

An 1V study fulfilling all assumptions with homogeneous treatment effects results in
an ATE estimand. However, when there is treatment effect heterogeneity, the estimand
due to the monotonicity assumption becomes the LATE. External instruments as the
primary IV have an advantage over defining the instrument internally; it is easier to
determine the deviation from monotonicity by allowing to quantify the proportion of
compliers and defiers and the impact on the effect estimate.”?*

Of note, the degree to which results apply to a specific patient depends not only on
the proportion of the study population that consisted of these specific patients, but
also on the strength of the instrument in this group. The stronger the instrument,
the higher the relative contribution to the estimate. When interpreting heterogenous
treatment effects in the setting of IV analysis we assume so-called stochastic
monotonicity with the estimand being the strength-of-1V weighted treatment effect.®

Data quality and information bias

The granularity of the datasets allowed for our specific study design and analysis
but also resulted in an overwhelming amount of data. Harmonization and data
curation took a considerable amount of time and resources.”® In this process
arguably arbitrary decisions were made on many specific variables and data points.
To check the robustness of the results for these decisions many sensitivity analyses
had to be performed. Finally, the radiological data were also analyzed centrally
by a dedicated radiological team, based on the National Institute of Neurological
Disorders and Stroke TBI Common Data Elements,*® which led to an enriched
dataset but also to discrepancies between local and central data. Fortunately, there
was good agreement for both diagnoses ‘ASDH’ and ‘contusion/ICH’ between the
local (treating physicians) and central readings respectively, making misclassification
bias unlikely.* In general, all aforementioned points in this paragraph should have
been accommodated (more) in the protocol, although some could not have been
anticipated.
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IMPLICATIONS

The responses of the neurosurgical community to the comparative effectiveness
study of surgery versus conservative treatment have varied (Chapter 11).4>* Some
contest the absence of effect; after all, ever since the beginning of the previous
century acute surgical evacuation for ASDH was considered common sense. Others
said that it merely confirms what we already know from daily practice. The following
points can be learned from our studies.

First, it will directly impact clinical practice. Our findings in part support the
continued use of interventions already routinely applied in daily practice; surgical
evacuation of acute subdural hematoma remains the cornerstone of treatment in
life-threatening neurological deterioration. The clear effect from the meta-analysis
with dramatic effect might also imply that we should operate comatose patients
with a poor prognosis more often. However, this decision requires objectifying
salvageability, and thus prognostication which is not easy.*** On the other hand, the
comparative effectiveness study in Chapter 1o shows that in certain surgical cases
conservative treatment could have been employed. The ‘aggressive’ centers could
safely treat their patients more often conservatively

Second, the inferences of the effects rely on strong evidence, derived from the largest
cohorts of ASDH. This thesis is an important addition to the current low-quality
literature in ASDH. The absence of a positive or negative association with outcome
overall is important knowledge for all clinicians treating patients with ASDH. The
findings regarding type of surgery (DC versus craniotomy) for ASDH are compatible
with the current best evidence.” It is the largest study to date, and provides robust
guidance for neurosurgeons.

Third, the wide treatment variation, from all across Europe, and an absence of benefit
of either treatment preference is important knowledge for neurosurgeons treating
patients with ASDH. Neurosurgeons are often ‘traditional’ physicians who, mostly
due to the lack of appropriate evidence, understandably use clinical experience and
mechanistic reasoning.*® This mindset of ‘eminence-based medicine’ trained over
the years and consequently passed on to the next generation, leads to a culture of
having no doubts about the ‘best’ treatment for a specific patient, despite the lack
of evidence. This intuitive decision-making under uncertainty and in an emergency
setting, leads to biases that might not be recognized by the decision maker.** We
hope to contribute to the neurosurgeon to become aware of these cognitive fallacies.
Fourth, this thesis presents an illustration of medical specialists taking the initiative
to judiciously reflect on their practice. We live in a time of ‘do-not-do lists’** The lack
of evidence might be interpreted unjustly as a lack of effectiveness, not in the least
by stakeholders such as health care insurance companies and policy makers. With
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studies like those presented in this thesis we take matters in our own hands and
contribute to evidence-based decision-making on policy level.

Thus, this thesis reflects a systematic approach to evaluate common neurosurgical
interventions, using high quality data and analytical approaches, and delivered
results that can directly impact clinical practice.

RECOMMENDATIONS FOR CLINICAL PRACTICE

Our studies assess effectiveness of common interventions in everyday practice in
relatively unselected populations and under flexible conditions, in order to inform
decisions about practice in a “real-world” setting. The inherent consequence of the
IV analysis is that it is not immediately clear to what patient population the results
pertain. I acknowledge this difficult interpretation and, therefore, propose specific
recommendations for clinical practice. I will describe how neurosurgical practice
could be affected with several cases of ASDH and propose an update of the Brain
Trauma Foundation (BTF) guideline.

Applicable patient populations

The practice variation mostly affects the patients who are at neither of the extremes
in terms of clinical presentation. Because an identical patient may be operated upon
in one center but not in another, it naturally follows that there is more than one valid
treatment option. The varying center policies thus lead to a group of patients for
whom we infer clinical equipoise. The middle group is our study population (Figure
2). Because center policies are not measured per patient, it is not immediately clear
what patient population the equipoise actually pertains to. However, practically,
the physician in charge of the decision should make an estimation whether he/she
thinks the other treatment could be a valid alternative. If not, it could be argued that
the effect estimate does not apply.

There is something inherently contradictory in this line of reasoning; the lack of
critical appraisal required to employ our study’ conclusion is exactly what led to led
to the practice variation in the first place. I expect, however, that the confrontation
with this strong and consistent practice variation offers physicians the confidence to
apply this kind of scrutinous, abstract thinking. I adhere hereby to the definition of
clinical equipoise as the ‘genuine uncertainty within the expert medical community-
not necessarily on the part of the individual investigator — about the preferred

» 50

treatment’.

Evidence-based guideline
The BTF guideline is the most widely applied guideline in TBI."** The last version,
published in 2016 was focused on severe TBI. In contrary to the previous version

272 PartV



Woman, 79 years, car
accident, mild headache.

Angina pectoris, Ascal. Head y Man, 75 years, unconscious.
laceration, EMV 15, no Atrial fibrillation, fenprocoumon.
lateralization. Right-sided E1M1VA. left-sided wide non-

ASDH with minimal shift. . . X K
reactive pupil. Large right-sided

ASDH with significant shift.
Male, 79 years, fall from stairs.
E3M6V3, right-sided weakness. Left-

. sided hematoma 2 cm thick a4
* No neurosurgical Acute surgery o;'
" candidates /-\ treatment limiting

Acute surgery or initial ‘_
L conservative treatment .

Male, 70 years, motor
accident. Acenocoumarol.
E2M3V2. Small right-sided
ASDH with 3 mm shift.

Woman, 82 years, fall on head.
Atrial fibrillation, apixaban. E3M6V4,
somnolent, no lateralization. Right-
sided ASDH with shift

Figure 2. Acute subdural hematoma cases depicted on a scale representing the clinical spec-
trum with varying preference for acute surgery or (initial) conservative treatment

The right - red - end, represents patients with poor clinical characteristics for whom clinicians may perform
acute (rescue) surgery to avoid death or choose for comfort measures in a treatment-limiting setting. At
the left — green — end, all patients will not be operated upon due to an anticipated good prognosis without
need for acute evacuation. The window between these extremes represents our study population. The exact
cut-offs cannot be objectively characterized because the window is applicable to those patients for whom
the neurosurgeon may hypothetically be in clinical equipoise.

of 2000, this latest version did not cover the surgical management for intracranial
hematomas, probably due to the fact that no higher quality evidence has been
generated since 2006.” We propose an extension of the latest guideline (i.e. of 20006)
based on the studies of this thesis.

The underlying evidence base needs to be responsibly translated into clinically
applicable, accurately graded recommendations in order to help clinicians properly
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treat patients with TBI. We adhere to the methodology of the BTF on how to
formulate treatment recommendations (Panel)’* The BTF has formulated an
hierarchy in evidence quality, summarized in three classes. These classes translate
to recommendations while considering the methodological principles consistency,
directness and precision (Panel; legend Table). The BTF guideline for the indication
for surgery in ASDH can both be extended with Level IIA recommendations based
on level 2 evidence. Some of the 2006 recommendations have been retained and
now labeled Level IIT recommendations.

The BTF guideline working group in 20006 already recognized the special conditions
thatapply to the efficacy of acute surgical evacuation in extra-axial lesions. Specifically,
a neurological deteriorating patient with a large epidural hematoma should always
be surgically treated immediately based on common clinical sense while there is
very little evidence to support this recommendation. In an effort to integrate obvious
effects with evidence based medicine, Glasziou et al. coined the term ‘dramatic
effect’ and explored methods to infer causality of several interventions.” Inspired
by this approach, I evaluated the effect of surgery in ASDH for comatose patients
in a meta-analysis using a historical control group (Chapter 3). The Oxford Centre
for Evidence Based Medicine has proposed to upgrade observational studies with a
dramatic effect to a higher evidence level *°

Our comparative studies (Chapter 3, 9, 10 and 12) are higher quality studies whose
findings supersede those of the lesser quality investigations on which the previous
recommendations for ASDH were based.

With regard to Chapter 9 and 10: though both studied acute surgery for the treatment
of ASDH, a key difference is the median age difference of 68 in our Dutch study and 54
years in our European study. Indeed, both studies enrolled TBI patients consecutively
but apparently in The Netherlands the average age is considerably higher. We adhere
to these difference patient domains in constructing the recommendations.

Thus, the BTF guideline for the indication for surgery can be extended with level 2
recommendations. The Level ITA recommendation is based on our meta-analysis
(Chapter 3) and the observational comparative effectiveness study (Chapter 10). We
feel that the comparative observational study on the effectiveness of primary DC
(Chapter 12) does not allow for Level IIA conclusions given the limited sample size.
Therefore, we distill a Level II B recommendation.

Furthermore, our research does not support evidence-based recommendations
for other surgical techniques or perioperative interventions. As the studies were
observational, we recommend neurosurgeons to perform the surgical procedure
according to their regular practice.

The Level III recommendations were retained from the previous guideline in 2006
and supplemented with the observational comparative effectiveness study in Chapter
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9.”7 These recommendations are based on consistent effects shown in subgroups
and class 3 cohort studies.
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Panel: Guidelines for the Surgical management of Traumatic Brain Injury: Proposal for an Up-
date of the Acute Subdural Hematoma Recommendations

A guideline is typically reached through consensus among a group of clinicians that are experts on the subject
matter. The following paragraph should be read as a first draft for such a process. | like to emphasize therefore
that this is a proposal.

RECOMMENDATIONS

Level |

- There was insufficient evidence to support a Level | recommendation for this topic.

Level Il A

- Acute surgical evacuation is recommended to greatly reduce mortality among salvageable comatose
patients (severe TBI).

« Acute surgical evacuation is not recommended to improve outcomes as measured by the Glasgow
Outcome Scale-Extended (GOS-E) score at 6 months post-injury when considering patients with all TBI
severities for which the neurosurgeon sees no clear superiority of either treatment

Level I1 B

« Primary DC over craniotomy in acute surgery is hot recommended to improve GOS-E at 6-months.
Level 111

« Acute surgical evacuation is recommended for large ASDHs, regardless of the patient’s Glasgow Coma
Scale score

- Acute surgical evacuation is recommended for salvageable patients older than 65

EVALUATION OF THE EVIDENCE

Quiality of the Body of Evidence

With regard to whether to operate or not, three studies (Chapter 3, g and 10) are qualified as Class 2 evi-
dence. The meta-analysis (Chapter 3) used a dramatic effect design. The effect was dramatic enough that
confounding and immortal time bias could be sufficiently ruled out. Therefore, it was considered a Class 2
study with moderate quality of the evidence. The observational study in Chapter g addressing acute surgery
versus conservative treatment was a retrospective comparative study comparing two centers, one with a
preference for surgery and the other with a preference for conservative treatment. Residual confounding
could not be sufficiently ruled out. It is considered a low-quality study with low precision and replication (in
the older patient population) is advised.

For the study of Chapter 10, the quality of the evidence was moderate, because it was a multicenter, non-
randomized prospective study with a very large sample size (n=1407) with multiple analyses to address
confounding.

The observational study that compared primary DC to craniotomy (Chapter 12) was rated Class 2 but this
study was low quality; it was a single study, with low precision, and replication is needed for higher confi-
dence (Table).
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Table. Quality of the body of evidence (acute surgery for ASDH)

Components of Overall Quality — Class 2
lity of
. Direct- Precision Qlfa fty o
Class of Consisten- ness (High Evidence
. Number of |Meta- |Number of cy (High, . &%, (High,
Topic . . . Stud- (Direct or |Moder-
Studies Analysis |Subjects L Moderate, |, .. Moderate,
ies* o indirect) |ate, Low)
Low) ## s s Low, or In-
sufficient)
Acute 3 observa- |1 -12,287 2 Moderate |Direct High Moderate
surgery vs. |tional (meta-
initial con- analysis)
servative -195
treatment - 1,407
Primary DC|1 observa- |NA 336 2 NA Direct Low Low
vs. crani-  |tional
otomy

* Class 1 Evidence is derived from randomized controlled trials. However, some may be poorly designed, lack suf-
ficient patient numbers, or suffer from other methodological inadequacies that render them Class 2 or 3.

Class 2 Evidence is derived from cohort studies including prospective, retrospective, and case- control. Comparison
of two or more groups must be clearly distinguished. Class 2 evidence may also be derived from flawed RCTs.
Class 3 Evidence is derived from case series, databases or registries, case reports, and expert opinion. Class 3 evi-
dence may also be derived from flawed RCTs, cohort, or case-control studies.

** Consistency: Consistency is the extent to which the results and conclusions are similar across studies. It is rated
High (all are similar), Moderate (most are similar), Low (no one conclusion is more frequent). It is NA (not ap-
plicable) when the body of evidence consists of a single study.

Directness: Directness can have different definitions. We define it as whether the study population is the same
as the population of interest and whether the study includes clinical rather than intermediate outcomes. Indirect
is noted if the population differs; for example if the study includes both moderate and severe TBI or patients with
stroke or TBI and does not separate the results by these population characteristics, or if the outcomes are not mor-
tality or neurological function. As outlined in Methods, indirect evidence was only included if no direct evidence
was found.

3% Precision: Precision is the degree of certainty surrounding the effect estimate for a given outcome. Precision is
rated as High, Moderate, and Low. How this is determined depends on the type of analysis used in a specific study
but may include consideration of the range of confidence intervals or the significance level of p-values.

Applicability

The large comparative observational study comparing acute surgery to conservative treatment took place
in 65 European centers over a 3-year period, and included 1407 patients across all TBI severities. The study
comparing primary DC to initial conservative management was conducted in 65 countries over a 3-year
period, and included 336 patients. Both studies are considered applicable to current practice.

The second, smaller, study comparing acute surgery to conservative treatment was performed in three cen-
ters in The Netherlands. Although including all consecutive patients, the average age was 68 years which
is older than expected in current practice. The conclusion of benefit of surgery in this elderly population,
is in line with the subgroup analysis of the other, larger, observational study. Furthermore, in the previ-
ous version of the guideline, surgery was recommended in ASDH with thickness > 1 ¢cm or midline shift
> 0.5 cm regardless of GCS, based on Class 3 evidence. This is also in line with the suggestion of benefit
in these subgroups in the larger observational study. Treatment effect heterogeneity could not formally be
determined through subgroup analyses, but large hematomas showed to be associated with a strong, albeit
nonsignificant, effect estimate (OR 2.7 95% Cl 0.9 - 8.3). Therefore, this recommendation is retained as a
Level 11l recommendation.
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FUTURE RESEARCH

Bryan Jennett (1926-2008) knew that it was a privilege when he was asked by his
chief if he would like to pursue a research project next to his residency neurosurgery.
Talented residents were offered scientific research, at the time mostly fundamental
research in the neurophysiology laboratory. His chief asked whether he would want
to investigate how the physiological change of the reflexes in patients with a slow
acting thyroid comes about. Although appreciating the honor, he answered decisively
that he could not care less about the reflexes in thyroid disease. The chief reacted
surprised: “Don’t you want to invest in research?”. “Yes” answered Jennett “but
merely into clinical dilemma’s I run into daily.” His chief had no clue what Jennett
was suggesting. Research on clinical problems? Is that scientific research at all?
Jennett explained that he noticed major variability among his supervisors on which
patient after a head injury to admit to the hospital. That kind of questions he would
like to research.”®

We have come a long way since then. All neurosurgical departments heavily invest
in clinical research. However, still, neurosurgery has a weak evidence base.s*52°°
Clinical decisions in neurosurgery have a history of strongly relying on personal
or departmental dogma, often deduced from fundamental and basic science, and
continue to do s0.” The first RCTs addressing common surgical procedures in
TBI have been conducted only the last decennium.***® Since the famous 1996
editorial in the British Medical Journal on evidence-based medicine by Sackett et
al.,% another editorial in 2008 addressed this issue for neurosurgery: “Twenty-two
years later, the impact of evidence-based medicine in British neurosurgical practice
has been variable and the management of some common neurosurgical conditions
has not been subjected to the same scrutiny as some less common conditions. The
National Health Service has tended to look more critically at expensive procedures
and technology, while ignoring conditions that are dealt with in everyday practice.” ®
Naturally this does not only pertain to the United Kingdom.

High-quality research begins with recognizing relevant clinical questions. Research
within neurosurgery should be done by neurosurgeons because they have the unique
position to appreciate the management decisions and recognize clinical relevance.
There is otherwise nobody else who will investigate the clinical practice important
for patients with neurosurgical diseases. Obvious constraints that explain the lagging
behind is the limit in dedicated time of neurosurgeons due to the drain of clinical
work and the operating theatre. Furthermore, neurosurgeons by training - and
possible also by character - are highly trained decision makers that are not uncertain
about their treatment preference. They might be less amenable for critical appraisal
on their own actions, which is of course pivotal to clinical research. For example,
the basic premise for RCTs, clinical equipoise is still often misinterpreted as doubt
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or uncertainty, which are terms neurosurgeons tend to avoid in their decisions for
TBI patients.**®® Acknowledging clinical equipoise, especially in acute settings,
might be unconsciously be mistaken for uncertain or even insecure decision
making. However, clinical equipoise is not at odds with treatment preferences of
the individual investigators but rather reflects the collective will of a body of expert
clinicians.>® Naturally, this perceived absence of equipoise might be an important
barrier for conducting RCTs. In fact, the STITCH-trauma trial that formalized the
required equipoise in a inclusion criterium might attest to this problem because it
was prematurely halted due to insufficient patient recruitment.””

There are other challenges in surgical TBI research. Case series and single treatment
group cohorts are generally not suited to infer causality and there are plenty enough
for common neurosurgical interventions.” Comparative studies especially RCTS,
however, are difficult to conduct. The challenges mainly are the heterogeneity of
the populations, the traditionally eminence-based neurosurgical culture, inadequate
research budgets, and difficulties related to obtaining patient informed consent in an
emergency situation.”**%

I propose several characteristics of future research. RCTs are preferred and should
be as pragmatic as possible, directed by proper guidelines.”” Most neurosurgical
inventions have clear efficacy (they can work) but are yet to be clearly examined in
terms of effectiveness (do they actually work in clinical reality?). When RCTs are
difficult to conduct, observational studies with an IV analysis, when possible, should
be considered to circumvent the substantial confounding by indication of acute
neurosurgical interventions. Part of the solution for better neurosurgical research
may be the increase of methodological knowledge among neurosurgeons. While
RCTs are relatively straightforward methodologically with the major challenge being
logistics and infrastructure, causal inference in observational (big) data is much
harder.”*”* Observational studies should not be considered inferior to RCTSs per se.”>”
Neurosurgeons mightbenefit froma strong, durable cooperation with epidemiologists
and statisticians that are dedicated to the specificities of neurosurgical research.
Moreover, TBI researchers should be aware of the available informed consent
alternatives to optimize patient recruitment.®® Furthermore, I support the early
assessment of new neurosurgical interventions, so that their effectiveness can be
established before wide adoption. Preferably, the IDEAL framework should guide
evaluation of new interventions.” Finally, embedding TBI research into standard
clinical practice could reduce expenses and lower the threshold for study participation.
Concerted efforts should be undertaken by stakeholders to develop research agendas
that prioritize clinical research and allocates the scarce grants accordingly. The
limited public attention through policy and targeted grants sharply contrasts the
major impact TBI has on society.”*”
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Specific research questions

When it comes to acute neurosurgical evacuation in traumatic intracranial lesions,
there are several research questions I consider sufficiently pressing to make a
claim on further resources. First, it is clear these large-scale studies show that the
studied interventions are not uniformly beneficial. An explanation could be the
inherent heterogeneity of TBI with different responses to surgery and, therefore,
a neutral effect due to the mixing of systematic positive and negative effects.** The
subgroup analyses presented in this thesis were mostly exploratory. Therefore,
targeted subgroup analysis should be performed to more closely determine who
benefits from surgical treatment strategies. To reduce chance findings there should
be a predefined consensus on logical subgroups. I advise individual participant data
meta-analysis of CENTER-TBI/Net-QuRe data and other large multicenter cohorts
such as the Transforming Research and Clinical Knowledge in TBI (TRACK-TBI)
project”® Advanced risk-stratification tools, that stratifies treatment outcome on
baseline risk instead of the “one-variable-at-a-time” subgroup analysis, should be
used to estimate the heterogeneous treatment effects, which allows personalize
management.”” Naturally, pragmatic trials in specific, more homogenous subgroups
serves the same goal of personalize neurosurgical care.

Second, primary DC warrants further investigation in a larger study. Our own analysis
(Chapter 11) was imprecise. More definite evidence will come from the RESCUE-
ASDH trial, a multi-center randomized trial comparing craniotomy against DC for
patients undergoing evacuation of a traumatic ASDH. Last, the effects are being
considered on a limited time-frame and outcome set. I would like to have performed
a costing analysis alongside our comparative studies. An hypothesis is that - costly
- aggressive acute or early surgical treatment strategy might induce earlier recovery
and less burden on ICU care and post-acute care rehabilitation. Although we did
collect indirect measures (such as the hospital length of stay) and we described
costs in our own centers,”® we did not collect data to conduct a formal economical
evaluation. Thus, the effectiveness studies on ASDH should be followed by cost-
effectiveness, safety and long-term outcome analyses.

Thus, pragmatic trials targeting specific subgroups should be an important focus
for future surgical TBI research. We have, therefore, grasped the nettle and have
proposed an RCT, namely the Randomized Evaluation of Surgery in Elderly with
Traumatic Acute SubDural Hematoma (RESET-ASDH trial), a study protocol for a
pragmatic RCT. The Randomized Evaluation of Surgery in Elderly with Traumatic
Acute SubDural Hematoma (RESET-ASDH) trial is an international multicenter
RCT on the (cost-)effectiveness of acute neurosurgical hematoma evacuation versus
initial conservative treatment in elderly with an ASDH. The study is in line with
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current epidemiological developments of the rising incidence of elderly with TBI.*>*
The studies presented in this thesis have paved the way for this trial.

CoNCLUSION

The uncertainty about the benefits of surgery inspired the research presented in this
thesis, in which I aimed to assess the effectiveness of treatment strategies for ASDH.
First, I showed that good quality evidence of acute surgery versus conservative
treatment to underpin guidelines is lacking, although among comatose patients,
acute surgery has a clear benefit, because it leads to a large mortality reduction.
Second, I demonstrated strong and consistent practice variation with regard to the
fundamental question to operate or not in ASDH. Third, I argue that the value of
observational studies on neurosurgical intervention for acute hematomas for practice
is limited as causal inference is precluded by strong confounding by indication.
One of the few analytical approaches that might allow causal interpretation is IV
analysis, which requires assumptions that are not easily met. Fourth, I showed that
patients treated in centers that prefer acute surgery (over conservative treatment)
have an equal outcome to patients treated in centers that prefer (initial) conservative
treatment. Therefore, I conclude that acute surgical evacuation of an ASDH in
patients for whom equipoise exists on surgical indication may not lead to a better
functional outcome compared to a strategy favoring (initial) conservative treatment.
Finally, with regard to surgical technique, primary DC might not lead to better
outcomes as compared to craniotomy in acute surgery in ASDH.

In light of the absence of uniform benefit, the restrictions certain neurosurgeons
place on surgery for ASDH and primary DC appear justified. In light of my
findings, I propose guideline recommendations for patients with ASDH. Finally,
targeted subgroup analysis, risk-based prediction of heterogeneous effects and
pragmatic trials should further disentangle heterogeneous treatment effects. Such
future studies should be performed by neurosurgeons in collaboration with clinical
epidemiologists and should have well-defined and realistic objectives to directly
inform clinical practice.
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