CHAPTER 4

What Is Medical Evidence?
Fred G. Barker, II, M.D.

W

hat is medical evidence? How can we best find it,
interpret it, and contribute to it? The knowledge base
that underpins clinical practice has become almost unimaginably broad and deep. With increasing numbers of medical
articles published yearly, it has long been impossible for any
individual to know all there is to know about human health
and disease. Even within one’s own narrowly defined subspecialty, trying to keep up with the rapid pace of the medical
literature is a very difficult task. We need to have some sort
of structure within which we can frame both new and old
medical knowledge in terms of its relative value—its current
importance, its applicability to our actual practice, its reliability, and its likely degree of permanence. However, when
we consider the broad range of possible sources of medical
knowledge— our own personal experience, the shared wisdom of teachers and colleagues, information seen or heard at
medical meetings, published peer-reviewed and non–peerreviewed articles, internet sources—we quickly see that any
such hierarchy of knowledge can be only a rough guide.
Nonetheless, our daily responsibility to patients requires us to
exercise judgment about best estimates of prognosis, best
procedures for diagnosis, and, as surgeons, especially the best
measures of active treatment. This article attempts to outline
the relatively widely accepted aspects of the so-called hierarchy of evidence (Table 4.1) as it applies to treatment
comparisons. The hierarchy classifies evidence based on
prospective, randomized comparisons as level 1; those based
on prospective, nonrandomized comparisons as level 2; retrospective comparative studies as level 3; retrospective studies without clearly defined controls as level 4; and all other
evidence as level 5. It is clear not only that broad aspects of
medical knowledge applying to diagnosis, prognosis, resource use, health services research, basic laboratory research, and so on are often not well described by this
hierarchy, but also that different versions of the table of
“levels of evidence” differ in minor details of the ranking.
But one has to start somewhere.
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EXPERT OPINION, CASE REPORTS, AND
UNCONTROLLED CASE SERIES
One often sees the hierarchy of evidence presented from
the top down, that is, starting with the randomized, controlled
trial (RCT) and progressing to less and less reliable forms of
evidence (Table 4.1). This can lead to a dismissive view of the
unimportance of all levels of evidence below the RCT. Although
there is nearly universal agreement that the RCT is a highly
reliable source of medical knowledge, neurosurgeons have the
unique problem that almost nothing that we do can be supported by reference to a randomized trial. For craniotomy, for
example, we have good evidence for administering prophylactic antibiotics before making the incision, but then, if
RCTs were the only source of knowledge, we really would
not know what to do next in treating even such a familiar
entity as symptomatic epidural hematoma, which every junior
resident must know immediately how to handle.
Every neurosurgeon uses daily the body of knowledge
known as expert opinion, usually in the form of what they
learned during residency but sometimes in a more immediate
form. For example, a surgeon confronted with difficulty
closing an incision might ask a senior colleague or plastic
surgeon to step down to the operating room for advice, and
scoring the galea or making a relaxing incision in the lumbar
fascia might be suggested. Although no RCTs exist to support
these suggestions, we know that they do in fact solve many
wound closure problems effectively. This class of problem—
immediate technical difficulty—is most often resolved through
expert advice, as are many problems of preoperative judgment
and postoperative management that depend largely on successful pattern recognition by a more experienced surgeon. It is
characteristic of such clinical problems that they are highly
dependent on individual circumstances or conditions so that
RCTs may be difficult or impossible to apply to them.
Published parallels to expert or anecdotal opinion are case
reports or small case series.35,60,84 Case reports have been an
important teaching and learning device since at least the time of
Hippocrates.101 During the early development of neurosurgery,
case reports and small series were the only means of dissemination of diagnostic and therapeutic advances.11,27,87 More than
half of the current neurosurgical literature consists of case
reports and small, uncontrolled case series.44,90
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TABLE 4.1. The hierarchy of medical evidence
Meta-analysis of randomized, controlled trials
without significant heterogeneity
Randomized, controlled trial
Prospective cohort study with concurrently treated
controls
Case-control study
Retrospective cohort study with concurrent or
historical controls
Case series (with historical or without controls)
Expert opinion, “first principles” argument,
laboratory evidence

Level 1
Level 1
Level 2
Level 3
Level 3
Level 4
Level 5

The qualities of novelty and rarity continue to be
characteristics that suggest anecdotal experience (case reports
or small case series) may be the only source of evidence for
a clinical question. Vandenbroucke121 identified potential
roles of case reports and case series as including recognition
and description of new diseases21,103 or uncommon manifestations of common diseases36; demonstration of new surgical
techniques55; detection of uncommon adverse drug reactions79,123 or drug benefits in rare diseases or unique groups,
especially for dire clinical situations in which there is no
standard treatment61; studying mechanisms of disease (or
disturbances of normal physiology)4,33,69,94; and medical education.48 Recent neurosurgical examples include the identification of superior semicircular canal syndrome,86 current
interest in anti-mTOR (mammalian target of rapamycin)
treatment for chordoma based on reports of occurrence in
patients with tuberous sclerosis with loss of heterozygosity
for the TSC1 and TSC2 loci,19,75,105 and response of some
neurofibromatosis-related vestibular schwannomas to bevacizumab treatment.97
Single observations are always at risk of resulting from
simple chance, and no statistical tests can distinguish truth
from coincidence. Some characteristics that have been suggested as indicating true associations include immediacy and
strength of the effect, stability of the baseline condition,
consistency across settings, biological plausibility, and specificity (treatment causes the effect and little else).43 As time
passes and rare observations begin to accumulate in the
literature, a “meta-analysis” based on case reports can be
produced. Such reports can sometimes define prognostic
factors in rare diseases, such as trilateral retinoblastoma66 or
malignant glioma of the cerebellum.32 Such compilations of
case series do not ordinarily provide strong evidence of
treatment effects because of the usual confounding factors
that affect nonrandomized treatment assessments. For example, a meta-analysis of case reports and small series of
osteosarcoma of the head and neck showed that survival time
was shorter when postoperative adjuvant radiation and che© 2009 The Congress of Neurological Surgeons

motherapy were used.63 The authors explained the effect as
due to “confounding by indication,”84 that is, the survival
difference was more directly related to the indication for
treatment than to the effect of the treatment itself. The authors
of this study concluded that adjuvant therapies were probably
beneficial despite the results of their review.

CASE SERIES WITH INTERNAL OR EXTERNAL
CONTROLS
Many questions that are closely related to those best
handled by expert advice should, however, be resolved by
more reliable evidence. With reference to wound closure, for
example, the relative merits of skin suture versus staples
would not usually be settled reliably by appealing to a senior
surgeon’s personal experience. The relatively low incidence
of wound problems with either type of closure and the lack of
the immediately verifiable difference between the two methods mean that careful data collection from a large number of
cases would be necessary to gain even a rough impression of
the superiority of one method over the other.
A relatively common research design for testing treatments is the observational (i.e., nonrandomized) case series
with controls. The cases may be studied prospectively or
retrospectively, and the controls may be historical or concurrently treated. Sometimes historical controls are drawn from
previously published literature (external controls) and sometimes they are directly studied by the investigators (internal
controls). In the oncology literature, case series with an
implied or explicit external control group are called phase II
trials and are used to explore new antitumor drugs for
evidence of activity. The purpose of phase II trials is to select
promising drugs for definitive proof of efficacy in randomized phase III trials. In neurosurgery, a case series with
comparison with some type of controls is often the best
existing evidence for a neurosurgical treatment because neurosurgical RCTs are so rare, approximately 1% to 2% of
articles in neurosurgical journals.44,90 In drug treatment of
stroke, Parkinson’s disease, and head trauma, increasing
emphasis is being placed on phase II trials because the track
record of phase III trials in these fields, often based purely on
preclinical animal model data, has been very poor.20,93,120 A
well-designed and well-conducted phase II trial can often
avoid the much greater expense and investment of other
resources in a phase III trial of an ineffective agent.
When judging the quality of an observational study, it
is helpful to examine the methods used to select and describe
the cases separately from those used to define the control
population. Strong methods for generating a case series
worthy of further study are to define the cases prospectively
using prespecified criteria and to ensure that the case series is
consecutive. Case series that produce results that generalize
well to actual practice tend to have few exclusion criteria and
to be population based. Patients who seek care at specialized
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centers tend to be healthier than patients in unselected practice as well as often being enriched for social factors that are
associated with better prognoses, such as high levels of
education, social support, and wealth.72 Tight restrictions on
comorbidity, age, presenting symptoms and signs, performance status, and so on obviously have a similar effect.
Retrospectively studied case series can have incomplete case
ascertainment and missing data for important prognostic
factors. As well, investigators may have chosen to report their
series because the results have been particularly favorable, a
form of publication bias. For example, in-hospital mortality
after pancreatic resections was 2.4 times higher in a population-based sample than in reported case series in one study.116
A similar bias has been reported for published single-center
unruptured aneurysm clipping series.127
The selection of the control population is important in
defining the reliability of an observational study. Historical
controls often are more convenient and inexpensive compared with concurrently treated controls, and when the trial
design is “before and after” the introduction of some new
treatment or technology, there may be no other option.
However, experience has shown that the prognosis for historical controls is often worse than concurrently treated controls even in the absence of any perceptible shift in the field.46
For example, in-hospital mortality for craniotomy for tumor
decreased substantially during the period from 1988 to 2000,
despite any dramatic single innovation in care during this
time.8 Furthermore, the average length of stay decreased
substantially during this period (as for other types of craniotomy6), largely because of pressure on hospital reimbursement by payers for care. Study designs comparing length of
stay (and the closely dependent variable hospital cost) before
and after the introduction of new technology always show a
(spurious) improvement with the new method unless it is
actually harmful. In addition, historical controls often lack
data on important prognostic factors that may hinder the
selection of a truly comparable control group.
Studies have shown that properly conducted observational studies tend to produce results that are similar to those
of RCTs on the same question.12,23,57 This is only true,
however, when the methods adopted by the observational
studies closely mimic those used in a typical RCT. Specifically, controls should be concurrently treated and should be
equally eligible for the treatment that the patients themselves
received. Failure to adhere to these requirements has frequently caused seriously misleading results in neurosurgical
investigations. For example, brachytherapy, radiosurgery,
and intra-arterial chemotherapy all showed apparent improvements in survival when used to treat glioblastoma in case
series from specialized centers.47,99,110 However, RCTs later
showed that all of these treatments were ineffective.1,74,108,109
Subsequent study showed that historical control patients who
were selected for their eligibility for the treatment (but did not
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actually receive the treatment) had a survival advantage based
solely on their eligibility, which explained the overoptimistic
results in case series reports.26,37,58,65,80
Another extremely important source of bias in observational studies is the selection of patients for an investigational treatment because they are “good candidates,” i.e.,
healthy enough to be expected to benefit from the therapy. A
recent example is the widespread use of hormone replacement therapy (HRT) for postmenopausal women in the late
1990s. HRT was expected to lower mortality from coronary
heart disease based on epidemiological considerations and
observational treatment studies on large populations of women.
When RCTs of HRT were completed, it was apparent that
there was no evidence of benefit from the treatment and in
fact some suggestion that HRT was harmful.91 The apparent
reason was that physicians had prescribed HRT preferentially
to women who were healthier—leaner, more affluent and
educated, more frequent exercisers—and with greater access
to regular health care, in short, women who had longer life
expectancies and who would be expected to benefit from a
prophylactic treatment. The survival advantage that they
enjoyed was spurious, a result of confounding by indication
and not of the treatment itself.
Methods used in observational studies to generate an
appropriate control group are therefore very important in
reducing the chance of a misleading result. Unfortunately,
many (perhaps most) neurosurgical observational studies ignore this aspect of research design. For example, almost no
studies on the effect of extensive resection on survival in
malignant glioma have been limited to those patients who
were actually eligible for complete resection; indeed, most
contain patients who underwent biopsies, presumably of
unresectable tumors.5
Appropriate methods for selecting and adjusting for
controls in observational studies include matching, multivariate analysis using individual prognostic factors, use of risk
stratification scores, propensity scores, and instrumental variables.30,68 Matching refers to selecting a matched control for
each case based on knowledge of important prognostic factors. For example, one might choose a control for a patient
with brain metastases by selecting a person with the same
number of metastases, primary tumor histology, and similar
age and performance score. A disadvantage of matching is
that when multiple important prognostic factors exist, matching all of them for each case becomes very difficult. In this
situation, using multivariate analysis to model the effect of
all the prognostic factors on each case and (nonmatched)
control is simpler, but a good knowledge of all important
prognostic factors and their effects is still required.67 In some
situations, it may be possible to construct a risk stratification
score using historical controls. An example is the Radiation
Therapy Oncology Group’s Recursive Partitioning Analysis
classification for malignant glioma patients.25 This widely
© 2009 The Congress of Neurological Surgeons
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used scheme combines information on several important
prognostic factors to generate six risk classes with distinct
survival expectations. Each case is then matched to a historical control who has the same Recursive Partitioning Analysis
class. A very different method of adjustment is the use of the
propensity score.3 This is a constructed variable that expresses the probability of each patient receiving the study
treatment based on observable baseline characteristics. For
example, older patients are more likely to receive coiling than
clipping for ruptured aneurysms, so their propensity scores
for coiling would be higher.7 Propensity scores are usually
constructed by relating baseline factors to treatment assignment using logistic regression. When each case and each
potential control has been assigned a propensity score, matching can be used to construct a control cohort, or the entire
group of cases and controls can be analyzed using the
propensity score as a stratification variable. Finally, instrumental variables can be used to construct an appropriate
comparison of cases and controls.49 An instrumental variable
is one that is strongly predictive of received treatment but not
directly (causally) related to outcome (such as treatment
assignment in a randomized trial). This analysis is commonly
used in econometrics but is relatively novel in medical
studies.42 One or more of these methods should be used in all
observational studies of treatment efficacy.

RCTs: PHASE III TRIALS
Although observational studies may produce results
that are in accordance with results of RCTs, in other instances, results can be quite misleading, and it is never
possible to be sure in the absence of well-designed and
well-conducted RCTs whether observational results are reliable—the “unpredictability paradox.”71 In practice, every
treatment assignment that is not formally randomized contains some degree of bias, which is never completely captured
by variables that can be observed or recorded. An adequate
randomization is the only known means of removing both
conscious and unconscious bias from treatment assignment
and providing a level playing field for a treatment comparison. This is why it is worth the undeniable extra effort and
expense of mounting a good RCT for any important treatment
question.
Several features of RCT design are widely believed to be
especially important in ensuring freedom from bias. The first is
adequate concealment of treatment allocation. By definition, the
fundamental distinction between RCTs and nonrandomized designs is the random nature of allocation to the two treatments
being compared. Any trial in which investigators can discover
the treatment allocation for a patient before actually enrolling
him or her allows the bias associated with nonrandom assignment to sneak back into the trial in a concealed manner. This
problem is present in its strongest form when “pseudorandom” allocation is openly assigned based on information such
© 2009 The Congress of Neurological Surgeons
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as the patient’s medical record number, birth date, or day of
enrollment. In more subtle forms, investigators may have
advance access to randomization lists or even be able to
discover assignment by holding sealed translucent envelopes
up to the light.106 Comparisons between trials with and
without adequate randomization show that trials with inadequately concealed allocation produce estimates of treatment
effect that are as much as 40% larger than trials with wellconcealed allocation schemes, as well as larger imbalances in
prognostic factors between groups.22,88,96,106
A second important design feature in RCTs is blinding.
Ideally, the treating physician, the patient, and the observer
who adjudicates the trial’s endpoints would all be unaware of
which treatment the patient received (triple blinding). Blinding is an important protection against bias for several reasons.
For the treating physician, blinding prevents preferential use
(or omission) of other components of treatment other than the
one under study. For the patient, blinding prevents differences in compliance and potential crossover between arms, as
well as biased reporting of subjective endpoints such as pain
or toxicity. For assessors of endpoints, blinding prevents
conscious or unconscious bias in adjudication. Objective
studies have shown larger treatment effects and more frequent imbalance in prognostic variables between arms in
RCTs that report unclear or inadequate blinding,22,107 especially when the trial’s endpoint is subjective (e.g., pain) rather
than objective (e.g., mortality).126 Blinding is obviously difficult or impossible in many trials that test a surgical treatment, unless sham surgery is used, but this carries both
practical and ethical problems of its own.38,39,64,85 However,
in many surgical trials, the primary endpoint can be scored by
a central committee that is blinded to treatment allocation,
and blinding of both physician and patient can be tested
objectively during or after the trial if it might be important.
A third feature of trial conduct important in preventing
bias is completeness of follow-up. This is because loss to
follow-up is not random: patients who are lost will likely
differ in prognostic factors, outcome, or both compared with
those who comply with follow-up, either for the worse
(dissatisfied with results, too sick to attend follow-up evaluation, or dead) or less commonly for the better (asymptomatic
so do not bother to return). Additionally, for some surgical
procedures, compliance with multidisciplinary follow-up care
is also important in ensuring the long-term success of the
operation.98 For example, patients lost to follow-up in a large
case series of microvascular decompression were more likely
to have experienced hearing loss as a complication of the
operation.9 Younger patients and those who belong to socially disadvantaged groups are frequently found to be at risk
of loss to follow-up.9,34,73,89 An arbitrary rate of 80% completeness of follow-up is sometimes quoted as adequate, but
in fact the threshold above which loss to follow-up threatens
the validity of the trial depends on the frequency of the
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endpoint being tested. When the endpoint is rare and its
occurrence is correlated with loss to follow-up, almost any
loss could threaten the reliability of the trial’s results. Methods for testing the importance of follow-up loss in a specific
trial can include a worst-case sensitivity analysis in which all
patients lost from the treatment arm are assigned a bad
outcome and those lost from the control arm are assigned a
good outcome, and the trial results are recomputed. The threat
to validity from follow-up loss can also be studied by relating
known baseline prognostic factors to the rate of loss or, when
interval outcomes are available, by comparing the last known
results before loss with those of comparable patients who
were not lost.
Another important feature of the most reliable RCTs is
the intent-to-treat analysis. This refers to analysis of patients
grouped by prescribed treatment in a trial rather than by
treatment as received.45 Such exclusions from analysis have
been shown to bias trials systematically in the direction of the
new treatment being tested.119 For surgical trials, failure to
receive prescribed treatment usually reflects crossover, such
as failure to undergo a prescribed operation (because the
patient becomes too ill for the surgery or because symptoms
resolve while waiting) or undergoing the operation outside
the trial after randomization to conservative therapy.100 Failure to use intent-to-treat analysis can cause serious bias when
lack of compliance with prescribed treatment results from
clinical deterioration, as when patients randomized to receive
carotid endarterectomy have a stroke as a complication of a
preoperative arteriogram.102 In other trials, especially those
that test operations that are available outside the trial as
“standard therapy,” frequent use of surgery outside the trial
by patients randomized to conservative therapy reduces the
trial’s ability to measure the effect of the operation itself.
Instead, the effect of a “strategy” of prescribing conservative
therapy, with surgery allowed if symptoms persist, is what is
being tested. This tends to make surgeons unhappy, but as
long as it is clearly understood when interpreting the trial, the
results are not invalid. From a practical standpoint, to minimize problems arising from patients not receiving protocol
treatment, investigators must verify eligibility thoroughly
before enrolling patients in an RCT.

SPECIAL PROBLEMS IN SURGICAL RCTs
The relative paucity of RCTs in the surgical literature
has prompted some authors to consider special reasons why
surgical RCTs are particularly difficult to design or conduct.78,82,83 Some of these special surgical considerations
apply to observational studies as well.
Designing a surgical RCT and persuading both patients
and surgeons to participate may be difficult because of a lack
of equipoise on the patient’s or surgeon’s part. Equipoise is a
genuine uncertainty as to which of two possible treatments is
most likely to lead to a good outcome.40 Both surgeons and
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patients seem particularly unlikely to submit a treatment
choice to random assignment when surgery is being compared with a nonsurgical treatment such as observation or
radiation.112 This may result, on the surgeon’s part, from bias
attributable to differential compensation, as well as from a
reluctance to appear uncertain about the benefits of surgery or
fear of losing future referrals from physicians if surgery is not
undertaken. Difficulty with equipoise in surgical trials is a
complex problem and looms large among reasons why patients and surgeons fail to participate in apparently welldesigned RCTs.113,114,128,129
Surgical RCTs often have trouble with blinding physicians, patients, and outcome assessors to the treatment assignment. Knowledge of assigned treatment on the surgeon’s
part may cause patients to receive other effective therapies in
a biased fashion and on the patient’s part may lead to biased
reporting of patient-assessed outcomes such as pain or quality
of life. As mentioned above, sham surgery or blinded assessment of outcome by a third party may help to ameliorate these
problems.
Timing of surgical trials is often problematic. Although
medical treatments are relatively easily standardized, surgeons gradually develop better skills as they acquire experience (the learning curve92,125), and the treatment itself can
evolve over time (as when better coiling technology becomes
available). This can mean that RCTs with lengthy accrual
periods can become out of date and irrelevant to practice
before they are completed or analyzed.

SYSTEMATIC REVIEWS AND META-ANALYSES
In many descriptions of the hierarchy of evidence, a
meta-analysis of RCTs without significant heterogeneity occupies the highest position.51 This reflects the concept that
when several well-designed trials have produced generally
concordant results, those results gain in credibility over a
single trial. Some special problems that arise in collecting and
combining data from individual trials deserve attention.
A meta-analysis is usually understood to be a mathematical synthesis of quantitative results from more than one
individual trial. Meta-analysis involves four steps: formulating an answerable question, collecting data, examining its
quality, and finally combining it to give a single estimate of
treatment effect.
Questions that suggest a meta-analysis as the proper
means of study often concern the effect of a treatment for
which more than one reported trial already exists, especially
when the existing trials are too small to produce a definitive
answer individually or when there is apparent conflict between their results. The unit under observation in a metaanalysis is the individual research trial, so instead of specifying the study patient population and sampling methods, a
protocol describes a strategy for identifying all relevant
studies, both published and unpublished, as well as formal
© 2009 The Congress of Neurological Surgeons
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criteria to determine which of the identified studies can be
included. Some subjective judgment often enters here, for
example, when trials differ in patient population or in treatment details, and bias is minimized through specifying these
choices in a written protocol before the search is done.
Combining trials that are too different in patient population or
treatment method is like comparing apples and oranges.
Data for the meta-analysis are collected from a systematic review of published and unpublished evidence that bears
on the study question using established methods.76 The goal
is to identify all evidence, both published and unpublished,
that bears on the chosen question. Unpublished data are
important to capture because trials that are never published or
are delayed in publication (whether because of the author’s
inaction or the peer-review process) are more likely to have
negative results (the “file-drawer” problem). Reviews limited
to published results are thus skewed toward trials with positive results, an effect known as publication bias.81,95
With identified studies in hand, the meta-analyst extracts data from the primary trials. In extracting data, a basic
choice is whether to rely on published data only or to seek
data on individual patients from the trialists who conducted
the primary studies (an individual patient data meta-analysis). Individual patient data meta-analyses have much greater
power for identifying the influence of patient characteristics
on treatment effects, but require the cooperation of the original trialists and are very resource intensive.13,115
Trials differ in quality as well, mandating another
subjective choice for the analyst. Most meta-analyses are
limited to RCTs, which is a simple and sensible quality
judgment in itself. Incorporating nonrandomized studies into
a meta-analysis, especially when there are no randomized
studies to act as an internal gold standard, carries all the bias
of the original studies into the analysis and can produce
seriously misleading conclusions. This is because the mathematical process of meta-analysis can isolate and magnify
any consistent biases in the original studies just as efficiently
as it can detect weak treatment effects that are present in the
studies—the “garbage in, garbage out” problem. Many standardized instruments for assessing the “quality” of both
randomized59,124 and observational treatment111 trials have
been described, based on various details of the trials’ methods
and reporting, but none have been shown to correlate predictably with larger or smaller treatment effect estimates.
Despite this, researchers often include a comparison of treatment effect estimates derived from high- and low-quality
trials as a sensitivity analysis.
The final step in meta-analysis, the statistical process of
combining the study results to yield a single unified conclusion, is based on the hypothesis that studies addressing a
similar question are drawn from a possible population of
similar studies that should produce answers varying in a
predictable fashion around the “true” answer. Almost any
© 2009 The Congress of Neurological Surgeons

What Is Medical Evidence?

measure of treatment effect, such as odds ratios or risk
differences, can be combined in a meta-analysis.28,31 The two
basic methods used to actually combine the individual trial
results are the fixed-effects method, which assumes that all
trials provide individual estimates of the same treatment
effect differing only by random chance, and the randomeffects method, which assumes that the true treatment effect
might differ slightly among trials (a more conservative and
hence safer assumption).31 After a summary measure of
treatment effect is constructed, with appropriate confidence
intervals, researchers compute a measure of the heterogeneity
present in the analysis.29 Heterogeneity is the degree to which
trials’ results differ from one another in excess of what would
be expected from the play of chance. A large amount of
heterogeneity among trials means that a summary measure of
treatment effect cannot be confidently applied to all the
patients and/or treatments included in the individual trials.
Sometimes this can suggest a search for differences among
trials that explain the observed heterogeneity.117,118 For example, a treatment’s efficacy might differ in specific patient
populations defined by age, tumor type, or symptom severity
at presentation.
Published meta-analyses can be sought by searching
PubMed using publication type “meta-analysis” in combination with specific subject terms. As more evidence accumulates on a given clinical question, a meta-analysis needs to be
revised and updated, although most meta-analyses published
in standard medical journals have no preplanned means of
keeping results current. The Cochrane Collaboration has
produced systematic reviews on a broad range of medical
topics using standardized techniques14,18,24,77,104; these are
updated regularly by the original analysis team or their
successors. The organization also provides protocols and
software to aid in performing new meta-analyses at www.
cochrane.org.

MOVING FROM EVIDENCE TO
RECOMMENDATION
Although in most versions of the hierarchy of evidence
(Table 4.1) a meta-analysis of randomized trials occupies the
top rung, in some, the very best evidence is said to come from
an “N-of-1” RCT.51 In this type of trial, one patient receives
each of two treatments in an alternating fashion, and outcomes while the patient is taking the two different agents are
compared.62 Obviously, there are many surgical questions for
which a crossover design is impossible because of the permanent nature of the treatment. For drug therapies, the reason
that this design is considered so strong is that, unlike evidence from RCTs with restrictive entry criteria, the evidence
gained from an N-of-1 trial can confidently and immediately
be applied to the one person in whom the trial was
conducted. In other words, some RCTs lack external
validity or generalizability because the conditions of the
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trial do not resemble everyday practice and the patients
who entered the trial were highly selected rather than
reflecting the entire community or persons with the disease
in question. In an N-of-1 trial, external validity usually
does not become an issue because the results are never
used to generalize to the population at large.
RCTs that are intended to have maximal external
validity (i.e., that test a therapy delivered under real-world
conditions) are said to measure treatment effectiveness,
whereas RCTs that test whether a therapy works under
ideal conditions test efficacy. Although this seems straightforward, the characteristics of the two types of RCT are
open to some debate. A consensus study of epidemiology
experts identified, among others, that characteristics of
effectiveness studies included primary care populations,
less stringent eligibility criteria, patient-relevant endpoints, and intent-to-treat analysis.41
Another approach to increasing the external validity of
an RCT is to supplement its results with observational results
on the same therapy in a broad patient population.16,17,50,70,122
Large existing databases, such as administrative databases or
case registries, can offer a cost-effective means of monitoring
treatment efficacy in unselected populations. Unfortunately,
there are significant barriers to using most large databases for
this purpose, especially administrative databases. These barriers include inaccurate coding of diagnoses and procedures,10 difficulties ensuring adequate risk adjustment based
on observed and unobserved prognostic factors and comorbidities,56 difficulty distinguishing presenting signs and
symptoms from complications of treatment,15 and lack of
long-term follow-up information in many databases. Conversely, because most clinical trials are powered to show
the benefit of a treatment, their ability to identify rare but
serious treatment morbidity is usually poor. Large databases offer higher sensitivity for detecting these rare treatment toxicities or patient safety events such as retained
foreign bodies after surgery.
As noted above in the discussion of systematic reviews
and meta-analyses, combining results from several similar
studies of the same or related treatments is a means of
broadening the applicability of a treatment decision or recommendation. The GRADE Working Group is a consensus
group of experts who has developed a system for guideline
developers to rate the quality of the evidence that underlies
their recommendations.2 This approach involves making separate ratings for quality of evidence for each patient important
outcome based on five factors that limit quality of evidence:
study limitations, consistency, directness and precision of
evidence, and the possibility of publication bias.52–54 The
GRADE system explicitly recognizes the problems in applying evidence-based medicine to individual patients, which is
the final step in actually using the evidence obtained through
scientific trials in daily practice.
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CONCLUSION
One striking characteristic of medical evidence is the
diversity of study designs that are used to generate it. This
chapter addresses many of the most common study designs,
each of which has both strengths and weaknesses. Given the
lack of RCT evidence for most neurosurgical treatments and
decisions, fluency in evaluating nonrandomized evidence will
continue to be important for neurosurgeons for the foreseeable future. A commitment to designing and conducting
RCTs of novel procedures in the future will be increasingly
necessary, both because of our own desire to offer the best
care to patients and (most likely) because of formal requirements by government regulatory agencies and payers. Understanding the conditions under which nonrandomized evidence
can take the place of RCTs is a challenge for the future.
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