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The historical development of neurology has hinged largely on keen observation and the ability of skilled clinicians to draw
inferences from experience. Incremental additions to our understanding of the nervous system traditionally have emanated
from two sources: the bench and the bedside. Just as technologic sophistication in basic research has evolved over the
past 200 years, so too have there been major advances in clinical research methodology. If a stable bridge is to be built
between new insights gained in the laboratory and new interventions applied at the bedside, this bridge must be designed
according to sound research principles. These principles form the basis of the emerging science of experimental
therapeutics. Application of these principles in the context of clinical research in neurology forms the basis of this review.

HISTORICAL BACKGROUND
Only within the past half century has the randomized controlled trial become the gold standard in the evaluation of
therapeutic interventions. Prior to World War II, it was common for therapies to enter into widespread use without being
subjected to the rigors of the scientific method. Breakthroughs in clinical medicine naturally unfolded along more haphazard
lines, and systematic
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biases crept into our understanding of diseases and therapies.

[9]

After 1938, federal law in the United States required
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pharmaceutical companies to document toxicity experiments in animals, but it was not until the teratogenic catastrophe of
thalidomide in the 1960s that legislators and regulators in this country and in Britain began to insist on well-controlled trials
prior to drug approval. [52]
Advances in many areas of the basic and applied sciences throughout the first half of the twentieth century set the stage for
the development of new clinical therapies. The evolution of therapies in Parkinson's disease (PD) is illustrative. Charcot [15]
and his students long had recognized the utility of the belladonna alkaloids in the treatment of parkinsonian tremor. In the
1940s, organic chemists were able to synthesize novel analogues of these alkaloids, providing anticholinergic treatments
that were tolerated better. [18] These agents remained the therapeutic mainstay in PD until the advent of levodopa in the
1960s.
Fluorescence microscopy and new biochemical assays made it possible for researchers to demonstrate the distribution of
dopamine-containing neurons in the CNS by the end of the 1950s. [39] The suppression of dopamine levels in reserpineinduced parkinsonism and its reversal with administration of the precursor molecule 3,4-dihydroxyphenylalanine (dopa)
formed the basis of the dopamine hypothesis of PD. [12] The original trials of levodopa in patients, however, were
discouraging. Peripheral decarboxylation of dopa to dopamine resulted in excessive nausea. More than a dozen
inconclusive studies--most small, unblinded, and without benefit of placebo control--were performed before 1967. [34]
Fehling [22] reported the first double-blind study of levodopa in 1966. She examined intravenous administration of the drug in
27 patients, concluding that the only difference between levodopa and saline was that the former provoked nausea in a
third of patients. [22] The fact that levodopa went on to revolutionize the treatment of PD is due to the persistence of Cotzias
and coworkers, who eventually managed to give racemic dopa in concentrations that were an order of magnitude greater
than most prior studies had used. [17] This was accomplished by slowly increasing the dosage and allowing patients to
become tolerant to the drug's emetic side effect. These researchers were able to achieve remarkable improvement in
patients' symptoms and signs. Subsequent large, carefully controlled studies confirmed these results and established the
efficacy of levodopa in PD. [36] [61]
The development of levodopa therapy in PD nicely demonstrates three important principles in the conduct and interpretation
of clinical trials:(1) basic research can and should serve as a compelling starting point in the generation of clinical
hypotheses; (2) regardless of how compelling the theoretic implications of basic research, experimental therapies ultimately
must stand or fall on their own merit; the clinical investigator always should be willing to abandon the high road of theory for
the low road of practice by answering a deceptively simple question: "Is this agent safe and effective at this dosage in these
patients?"; and (3) clinical trials represent potent means for clarifying clinical outcomes, but they are generally inadequate
for addressing questions of pathophysiology or the mechanism whereby a given intervention gives rise to a specific result.
The possibility that a drug is acting in some unforeseen fashion or that a different (perhaps untested) dosage regimen might
exert qualitatively as well as quantitatively different effects must be borne in mind always. Outcomes of clinical trials should
not be used to settle underlying questions of pathophysiology. Just as basic science generates hypotheses for clinical
application, clinical trials generate hypotheses for basic investigation. Clinical trials do
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not prove or disprove hypotheses about basic mechanisms any more than basic research proves or disproves the pragmatic
conclusions of applied clinical science.

OBSERVATIONAL STUDIES
Underlying Principles
Clinical studies may be divided broadly into two types: observational and interventional. [20] In observational studies, the
investigator plays a relatively passive role, gathering impressions, carefully documenting clinical outcomes, and applying
appropriate statistical methods to draw conclusions from the data. Interventional studies, on the other hand, involve an
active intervention. Typically, the intervention is applied to individuals in one group and withheld from those in a parallel
group. Formalized design methods have been developed to help ensure that these interventional clinical experiments do not
suffer from bias (i.e., that there are no systematic differences in the way groups of subjects are selected and treated or in
the way outcomes are measured and interpreted). The benefit of the experimental study lies in its ability to facilitate causal
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inference about the effects of an intervention by ensuring that bias is minimized--that groups being compared indeed are
comparable in every respect except for the intervention.
Nonetheless, observational studies remain useful on several grounds. Such studies may provide information about cause or
pathogenesis. They are particularly useful when ethical constraints preclude intervening in ways that alter the historical
antecedents of a disease. For example, one could not determine ethically whether head trauma causes epilepsy by
conducting an active interventional experiment. Further, the principle of clinical equipoise--the requirement that investigators
must be truly uncertain about the relative merits of their experimental intervention--places ethical constraints on
experimental trials and may prompt investigators to pursue an observational study. [23] Finally, logistic considerations may
preclude an experimental intervention for reasons of cost, time, or availability of subjects.
The most significant problem with observational studies, whether they are prospective or retrospective, is that they are
subject to bias; they cannot ensure that comparison groups indeed are comparable in all respects except for the factor of
interest. This is particularly a problem when one cannot measure (or even know) all of the potentially confounding variables.
There are several standard forms of observational study in clinical medicine, most of which are well known to neurologists
from their reading of the clinical literature.

Types of Observational Study
Case Reports and Case Series
The most straightforward type of observational study is a single case report or case series. From a historical perspective,
case reporting long has held an important role in the development of clinical neurology. Eponymic diseases and syndromes
abound. James Parkinson in 1817 reported on a series of six patients with a "shaking palsy," one of whom he had observed
only from afar while

454
walking in the streets of London. [42] George Huntington in 1872 described the fundamental features of "hereditary chorea,"
culling from his own clinical experience and that of his father and grandfather, both of whom had preceded him in the rural
practice of medicine on Long Island. [30] Case reports serve to heighten awareness of new syndromes and potential
therapies, as well as generate questions for further formalized study. Although these examples are from the nineteenth
century, it is clear that the case report is here to stay. Indeed, the new neurologic journal, Neurocase, is devoted exclusively
to the publication of case reports.
Case-control (Retrospective) Studies
Unlike simple case reports, case-control studies attempt to gather evidence in support of cause-and-effect relationships.
This design is retrospective: subjects who have a characteristic of interest (e.g., a particular disease) are identified, and their
history is compared with that of controls. The control subjects tend to be selected or matched so as to be as similar as
possible to the cases in respects other than the characteristic of interest. Case-control studies assess the relative frequency
of specific antecedent conditions in each of the groups. Potential risk factors for the development of a disease may be
investigated in this fashion. Studies in PD, for example, have looked at the presence of a positive family history of PD,
exposure to herbicides, consumption of well water, smoking history, and head trauma, among other things, in patients
compared with matched controls. [10] [56] [60]
In a recent article on statistical methodology in epidemiologic studies of multiple sclerosis, Hibberd [28] outlines a number of
advantages and disadvantages to the case-control design. She notes the relatively low cost of performing these studies, the
speed with which they can be performed, their utility in assessing rare diseases with long latencies, and their requirement
for fewer subjects than prospective studies. Hibberd cautions, however, about the possibility of systematic bias involving the
maintenance and scrutiny of medical records, subjects' recall of antecedent events, and investigators' selection of cases and
controls. There are major difficulties relating to how exposures are defined, how subjects are matched, and how outcomes
are assessed. [16] As in other observational studies, investigators in case-control paradigms are limited by their inability to
match for potentially important unknown or unmeasured variables.
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Another possible drawback to the retrospective design is the relative ease with which various historical antecedents may be
assessed, leading to a plethora of comparisons. As Armitage and Berry [2] have stated,
A sufficiently assiduous search will often reveal some remarkable contrasts which have arisen purely by chance. This may
not matter if scrutiny is restricted to those comparisons which the study was designed to throw light on. If, on the other
hand, the data are subjected to what is sometimes called a dredging procedure--a search for significant contrasts which
would not have been thought of initially--there is a real danger that a number of comparisons will be reported as significant,
but that they will almost all have arisen by chance.
Cohort Studies
Like the case report and the case-control study, cohort studies are observational rather than interventional. Cohort studies,
however, are prospective in that groups are defined and identified at the outset and followed over time for the development
of some outcome of interest. This type of study is somewhat more
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powerful than other observational study types because its prospective nature enables conclusions to be drawn about the
relative incidence of events as they unfold. As in the case-control study, parallel groups are defined ideally to differ only in
regard to some specified factor of interest. This process is intended to make the groups comparable and to eliminate biases
that might undermine the validity of any causal inference.
Factors that are controlled for commonly include age, gender distribution, and overall health status. Race and
socioeconomic factors also may influence outcome and often are taken into account, as are health habits, such as smoking
and consumption of alcohol. In a recent study investigating the outcome of patients with motor impairment and radiographic
evidence of leukoaraiosis, Inzitari and colleagues [31] followed patients for several years and documented the development of
stroke, myocardial infarction, and death. Thirty-one cases referred for evaluation of progressive bilateral motor deficits were
selected from their hospitalized patient population aged 45 years or older on the basis of characteristic periventricular white
matter changes evidenced by CT scanning. Control subjects were 68 neurology patients, aged 45 years or older, admitted
to the hospital during the same period whose CT scans did not show these white matter changes. The authors attempted to
make the groups similar with regard to important predictors of cerebrovascular outcome, such as prior stroke and history of
hypertension. They reported a 6-year cumulative stroke risk of 49% for the cases, compared with 16% for the controls.
Their preliminary conclusion was that patients with motor impairment and extensive leukoaraiosis had a very poor
cerebrovascular outcome.
Benefits of this type of prospective analysis include the fact that follow-up generally is more careful and complete. Rigorous
criteria for evaluating risk factors and outcome measurements facilitate interpretation of results. These studies, however,
require time and expense in following patients until the development of a specified outcome. Cohort studies usually are not
suitable for studying rare disorders because large numbers of subjects would have to enter the cohort to supply an ample
number of outcomes for analysis. As with the case-control design, bias may be extremely difficult to avoid. In the study
described in the previous paragraph, the authors noted that a previous history of lacunar infarction at baseline was much
more common in their cases compared with their controls. When they adjusted statistically for this covariate, the excess risk
of stroke originally inferred was no longer significant.

INTERVENTIONAL STUDIES
Underlying Principles
By minimizing potential sources of systematic bias, interventional studies are better suited to assess cause-and-effect
relationships. A number of key design features in experimental trials may reduce bias and thereby provide valid and useful
truths about potential therapies in patients with particular diseases. These include the concepts of intervention,
randomization, blinding, and control.
Intervention
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The cardinal feature of clinical trials is the controlled intervention. The logic of experiment requires that one intervention be
compared with an alternative (often a placebo) in order to arrive at valid conclusions. This intervention affects
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the status quo in a manner that is under the control of the researcher, tightening the noose of logical inference about
causation.
Intervention in clinical trials most often involves administration of a drug but also can involve medical procedures or devices.
Examples include the DATATOP study of the use of tocopherol and selegiline HCl (Deprenyl) in early-onset PD and the
NASCET study of endarterectomy in patients with symptomatic carotid stenosis. [40] [46] [47] These trials prospectively
examined the outcome of patients exposed to specific interventions.
Randomization
As Pocock has pointed out, "The idea that patients should be randomly assigned to one or other form of treatment is not
intuitively appealing either to the medical profession or the layman. Superficially, randomized comparison of treatments
appears contrary to the need for the clinician to give every patient the best possible care and hence appears to imply a loss
of freedom for both patient and clinician." [52] This concern, however, implies that the best (or worst) alternative is known
already, which should not be the case if the demand for clinical equipoise has been met. The investigator must not feel that
one treatment is clearly superior to another. Chalmers and others have stressed the importance of randomization as a guard
against systematic bias and as a foundation for standard methods of statistical analysis. [14] [53]
By ensuring that the chances of allocation to one group or another are known and that the allocation is determined by a
random mechanism, experimenters may be assured that, in the long run, potentially confounding variables are similar
among the comparison groups. On the other hand, systematic nonrandom (haphazard) assignment, such as treatment
allocation on the basis of which day a subject happens to be seen in clinic, invites selection bias; the investigator
consciously or unconsciously may manipulate the clinic schedule. Random allocation avoids selection bias and establishes
balance among groups regarding potentially confounding variables whether or not they are measured or even known.
It is important to stress, however, that this allocation represents a random process; it remains possible for groups to differ in
important respects owing to chance alone, particularly if the trial does not involve large numbers of participants. Statistical
methods such as analysis-of-covariance have been developed to take into account such random deviations in the
comparison of treatment groups. [1]
The techniques of stratification and blocking are two important means by which investigators may avoid potentially important
differences among treatment groups that may occur owing to chance allocation alone. Subjects frequently are stratified by
treatment center (in multicenter trials), age, gender, or other variables known to influence outcomes strongly. Randomization
occurs within the confines of these strata, thereby ensuring that patients of one type are not under- or overrepresented in a
given treatment arm. Stratification can be self-defeating if the number of strata is too large; variables to be stratified,
therefore, must be chosen carefully and kept to a reasonable limit.
Blocking may be thought of as stratification with regard to the time of patient entry into the trial. In a multicenter trial in
which a given site is to enroll 16 patients, for example, it may be desirable to ensure that there is a balanced allocation to
the various treatment arms by the time the first eight subjects are randomized. This strategy guards against the possibility of
drastically unequal treatment allocations in the event of a premature termination of the study or
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poorer than expected recruitment and makes interim analyses more feasible. The block size should be a multiple of the
number of treatment arms in the study. It is important that specific information on the block size be kept from investigators
so as not to compromise blindness. For the same reason, block size should not be so small as to enable investigators to
deduce the treatment allocation of a given subject. Although rare, occasionally it is necessary for an investigator to break
the blind on a given patient in case of a medical emergency. Doing so should not compromise the extent to which the
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investigator remains blinded to the treatment status of the other patients in the study.
Blinding
Like randomization, blinding is used to prevent the introduction of systematic biases in the conduct and interpretation of
clinical trials. There are several levels of blinding, ranging from unblinded, open-label trials to double-blind trials. Several
authors have stressed the importance of blinding in ensuring that investigators' enthusiasm for a particular intervention does
not color the assessment of that intervention. [21] [50]
In unblinded trials, both the patient and the investigator are aware of the treatment allocation. Such unblinded studies lack a
strong degree of experimental validity. Both patients and investigators may overestimate treatment effects or adverse effects
so that it becomes impossible to draw unbiased conclusions about efficacy and tolerability. Subjects may be enrolled
selectively in a nonrandomized study on the basis of a favorable baseline prognosis. The level of ancillary care that is
provided and the degree of subjectivity involved in assessing outcomes all may undermine the conclusions of an open-label
trial. Even the conclusions of unblinded trials with objective outcome criteria, such as mortality, may be undermined by
differential allotment to treatment arms or by bias in the selection of subjects to participate in a nonrandomized trial. In a
sense, open-label trials that are not randomized or controlled (despite the fact that they entail an intervention) are
observational studies; they are analogous to cohort studies in which the attribute of interest happens to be exposure to a
drug or procedure rather than the presence of a risk factor.
In a recent article on the Canadian cooperative trial of cyclophosphamide and plasma exchange in multiple sclerosis,
Noseworthy et al [41] elegantly demonstrated the critical role of blinding in arriving at valid conclusions from clinical trial data.
In this trial, both blinded and unblinded neurologists assessed patients' treatment outcomes. The unblinded neurologists'
scores demonstrated an apparent treatment benefit at 6, 12, and 24 months, whereas the blinded neurologists' scores did
not. The authors conclude that "the bias introduced by physician unblinding would have contributed to an erroneous
conclusion about treatment efficacy in what otherwise seems to have been a negative clinicaltrial. . . ." [41]
It may be extremely difficult to ensure that patients and clinicians remain blinded to treatment allocation. In the study noted
in the previous paragraph, patients in the control group actually underwent sham plasma exchange. Of course, studies of
surgical interventions may be more difficult to blind. In pharmacotherapeutic studies, there may be obvious side effects of
the active medication, such as discoloration of the urine or flushing of the skin. The pill itself may be bitter or otherwise
recognizable.
The Standards of Reporting Trials Group has called on study authors to state explicitly the methods used to maintain the
blind, so that readers may get a more realistic understanding of the strength of the blinding process. [59] Many
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trials have incorporated an assessment of the adequacy of blinding within the trial itself. Patients and investigators are
asked to guess what treatment was used; this guess is then compared to reality after the blind is broken at the conclusion
of the trial. [43]
Control
Only by comparing one treatment with another, either a placebo or an alternative treatment, can investigators get a clear
estimate of the impact of an intervention. Many studies have relied on historical controls to provide this comparison. The use
of historical controls may reflect a lack of clinical equipoise because all subjects in such trials gain access to the new
treatment, which is assumed to be superior. Such studies also may be helpful when subject numbers or financial resources
are limited. [38] Because historically controlled studies tend to overestimate treatment efficacy, negative results may be useful
for screening out likely ineffective therapies from future study. Many statisticians, however, have pointed out the potential
flaws of using natural history data about a disease process to establish a comparison. [53] The selection criteria for study
participation, the quality of recorded data, the quality of ancillary support services, and the evaluation of response all are
likely to be different among patients involved in the study and those serving as historical controls.
Nonetheless, practical considerations have prompted some authors to question the need for concurrent randomized controls
in all clinical trials. Pradas et al argued that the natural history controlled trial in phase II studies of amyotrophic lateral
sclerosis "provides a scientifically sound and cost-effective methodology," [54] but there are relatively few comparative data
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on this point. Pocock [51] outlined several standards for the use of natural history controls, including the need for precisely
defined inclusion criteria and methods of treatment and evaluation. He emphasized that natural history control data should
be gathered ideally by the same investigators involved in the treatment trial.
The ethics of placebo-controlled trials in potentially fatal diseases have been explored at length. [27] [48] Lebacqz [32]
underscores the importance of clinical equipoise if concurrent controls are to be used ethically in clinical trials. [32] Many
areas of clinical research in neurology already have standard therapeutic options. In epilepsy, for example, most current
trials are performed using add-on treatments, as withholding standard drugs clearly can lead to patient deterioration. [6] [13]
Many new therapies for PD are investigated in the context of levodopa treatment. [44]
The danger of inadequate control leading to erroneous conclusions must be kept in mind always. Indeed, it may be argued
that ethical considerations compel us to use proper concurrent controls in our trials to avoid the negative consequences of a
false conclusion. In light of the so-called placebo effect--that mere participation in a trial may alter the course of an illness-no degree of detailed knowledge about the natural history of a disease process can substitute for concurrent control.
Rather than obviate the need for concurrent controls in clinical trials, detailed natural history studies can provide
researchers information for adequate estimates of sample size and trial duration. [8] In trials of therapeutic agents for
Huntington's disease, for example, it is critical to have an idea about how fast the disease process normally unfolds. The
Huntington Study Group, a multicenter consortium of clinical and basic scientists with an interest in Huntington's disease,
currently is building a large natural history database containing information on more than 1000 patients. Knowledge of the
rate and variability of
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progression of Huntington's disease over a certain period permits estimation of trial duration and of the sample size required
to detect a specified treatment effect.
For example, the primary outcome measure in a planned, two-armed clinical trial is the change in subjects' total functional
capacity (TFC) score [58] from baseline to 18 months. Information was obtained on 76 patients from the natural history
database who had initial TFC scores greater than 6 (reflecting inclusion/exclusion criteria for the trial) and two
measurements approximately 18 months apart by the same rater. Over this period, the mean ± standard deviation of the
decline in TFC was approximately 1.0 ± 1.5 units per year. This information may be used to construct Figure 1 , which
gives the sample sizes required to detect a 57%, 50%, or 46% slowing of the progression of the disease with various
degrees of power, using a two-sided t-test at the 5% level of significance. To illustrate, a total sample size of 296 subjects
(148 per group) would provide approximately 81.5% power to detect a difference of 0.5 units per year in the mean TFC
decline between the two groups. If, in truth, the treatment yields 0.5 units per year (50%) slowing of the disease process,
we would have an 81.5% chance of demonstrating a statistically significant difference in the rate of disease progression
using this sample size. These calculations may be refined to take into account the effect of patients who do not complete
the study.
The 18-month duration of this trial was chosen because it was sufficiently long to enable detection of the effect of the
intervention. For example, if the placebo group did not decline appreciably over a short period, it would be very difficult to
demonstrate benefit of the experimental intervention. On the other hand, 18 months also was chosen as being short enough
to ensure that an adequate number of patients would complete the trial.

Types of Interventional Study
Cross-over Trials
Senn defines the cross-over trial as one "in which subjects... are given a number of treatments with the object of studying
differences between these treatments." [57] Double-blind cross-over trials involve administration of treatments in a sequence
unknown to the patient or to the examiner. One of the treatments may be a placebo.
Cross-over trials enjoy a number of benefits. Patients serve as their own controls. This provides a savings in sample size
compared with parallel group studies because the variability of differences within individual patients usually is substantially
less than the variability of differences among patients. Fewer patients are required to generate the same total number of
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observations; hence, patient recruitment is easier, and costs tend to be lower than in parallel group studies. On the other
hand, the greater length of the study for each patient actually may hinder recruitment.
In an ideal cross-over experiment, the subject is in the same state at the start of each treatment period. Therapies for the
short-term symptomatic improvement of a chronic disease (such as levodopa treatment of PD) are most suitable for this type
of study because the underlying disease process is not expected to change significantly during the course of a brief trial.
Potentially serious drawbacks of the cross-over design include the difficulty of analysis in the event of withdrawals from the
trial. If a patient serves as his or her own control, withdrawal at any point in the trial may render that patient's
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Figure 1. Power curves for two-sided t-tests at the 5% level of significance for the difference in mean 18-month decline in total
functional capacity (TFC) between a treated and an untreated (placebo) group of Huntington's disease patients. The expected decline
in the untreated group is 1.0 +/- 1.5 units/year (mean +/- standard deviation) based on natural history. Curves are drawn for detecting
differences in mean decline of 0.57, 0.50, and 0.46 TFC units/year between the two groups. The planned total sample size for the
trial is 296 patients (148 patients per group).

Enlargement of figure on last page.
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data uninterpretable. Trials, therefore, must try to minimize the required length of subjects' participation.
Perhaps the most important potential drawback of cross-over designs, however, is that they are predicated on the
assumption that neither passage of time itself, nor treatment order, affects the response to the currently administered
treatment. [33] These treatment-by-period interactions or enduring carry-over effects may be extremely difficult to detect
statistically and may hamper attempts to arrive at reasonable estimates of the actual overall treatment effects. To overcome
the potentially confounding influence of treatment order on outcome, washout periods between treatments need to be long
enough to eliminate residual drug effects. This need to lengthen a subject's participation in the study is at obvious odds with
the desire to keep it brief. A reasonable compromise may be difficult to reach.
Parallel Group Trials
Unlike cross-over trials, parallel group controlled trials are less susceptible to the problem of variation in the disease over
time. Because parallel designs do not involve using the patients as their own controls, withdrawals produce fewer problems
in analysis, and carry-over effects are not an issue. In these trials, subjects are allocated to a given treatment arm and
prospectively followed over time. A potential disadvantage of the parallel group design is that it may require more subjects
and, therefore, added costs to implement.
One possible way of increasing the efficiency of parallel group trials is to study more than one intervention concurrently. For
example, the DATATOP trial of selegiline HCl and tocopherol treatment in 800 early-stage PD patients incorporated a 2×2
factorial design. [45] Subjects were assigned randomly with equal allocation to one of four treatment groups: placebo,
tocopherol alone, selegiline HCl alone, or the combination of selegiline HCl and tocopherol. Under certain assumptions,
such a factorial design allows for the assessment of the effect of two interventions with the same sample size as would
have been used in a single-intervention study. [11] Thus, DATATOP was much less costly than independent trials of
selegiline HCl and tocopherol alone would have been.
The efficiency of the factorial design is sacrificed, however, if there is a negative statistical interaction (subadditivity) among
the interventions being studied. This occurs if the efficacy for the combined treatment group is less than the sum of the
efficacies in the groups in which each intervention is administered alone. For example, one drug may interfere with the
absorption or distribution of the other drug, or the central pharmacodynamic effects of the two drugs may counteract each
other. Subadditivity also may be induced by relatively poor compliance in the combined treatment group, or it simply may be
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due to the measurement scale of the response variable. [7] In the DATATOP trial, there was a sound scientific rationale for
believing that the effects of each agent were mediated through independent pharmacologic mechanisms. Also, the known
safety profile of the two agents rendered compliance a minor issue. At the planning stages of a trial, the possibility of some
subadditivity cannot be ruled out; therefore, it is wise to plan for a sample size sufficient to detect somewhat attenuated
treatment effects in trials having a factorial design.
It should be noted, finally, that factorial designs often are planned for the sole purpose of examining interactions among
treatments. Many subjects typically are required for such studies.
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CONDUCTING CLINICAL TRIALS
The overarching mandate in the conduct of clinical trials is to ensure the safety of enrolled patients. The ancient admonition,
primum non nocere--first of all, do no harm--demands that investigators adhere scrupulously to the constraints of a protocol
once it has been approved by an institutional review board. Aspects of the protocol designed to maintain patient safety
include specific inclusion and exclusion criteria, strict guidelines for suspension of study drug, reporting of adverse events,
and emergency disclosure of treatment. The oversight of an independent safety monitoring committee is desirable in case
the study needs to be terminated ahead of schedule due to accumulating evidence of a threat to patient safety. [4]
Many studies incorporate plans for interim analyses because strong evidence of the beneficial or harmful effects of a given
treatment may disturb clinical equipoise and mandate the early termination of the trial. Such analyses should be performed
by an independent group of clinical trial experts who are not involved in subject evaluation or the conduct of the study. Hall
and Pledger [26] highlighted the possibility that interim analyses may indicate that a study is incapable of settling the
question at hand, thereby rendering it futile to proceed. For example, such analyses may reveal that the degree of variability
in the primary response variable is higher than had been anticipated and that the study's sample size, therefore, is
inadequate to demonstrate a difference among treatment groups. Alternatively, interim analyses may indicate no significant
differences among the groups despite a well-planned study. Investigators then may be confronted with the decision whether
to continue the trial given that the magnitude of the treatment benefit is likely to be small at best. Factors favoring
discontinuation of the study under these circumstances include the potential toxicity of the intervention and the costliness of
continuing a trial that is not likely to show a benefit.
Organization, teamwork, and meticulous adherence to protocol are extremely important in the conduct of clinical trials. As
the level of sophistication in our understanding of trial methodology has increased, so too has the degree of complexity
involved in trial management.
The desire to detect small incremental improvements in the outcomes of patients has mandated the development of
multicenter clinical trials. A relatively small impact on stroke reduction may have major public health implications, thereby
justifying large trials in carotid stenosis or atrial fibrillation. Multicenter trials also are necessary for the investigation of
therapies in relatively rare disorders when a single center may have difficulty enrolling adequate numbers of patients.
Regardless of disease prevalence, multicenter trials increase the generalizability of conclusions by broadening the sample of
patients studied.
Several articles in a recent supplement of Controlled Clinical Trials have focused on the fundamental issues of data
collection, storage, and processing in multicenter trials. [24] [29] [35] [37] In addition to investigators and coordinators, a sizeable
team of biostatisticians, administrators, monitors, programmers, and clerical staff is necessary to meet the demands of a
modern multicenter trial.
The coordination center for a clinical trial has many responsibilities, including production of study protocols, oversight of data
collection, data processing, reporting of adverse experiences, maintenance of study files, and administration of grant funds.
As the central clearing-house for the trial, the coordination center provides liaison with individual sites. The electronic
transfer of data enables the rapid distribution of important information regarding enrollment and adverse events. Database
organization and error checking are central responsibilities of
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coordination center staff. A well-organized and well-run coordination center is a key component in the successful planning
and implementation of a multicenter clinical trial.

INTERPRETING CLINICAL TRIALS
In order to be worthwhile, clinical trials must generate results that extend beyond the narrow boundaries of the patient
sample studied. The interpretation of clinical trials requires a clear sense of both the sample of patients studied and the
population from which this sample was drawn. The function of inclusion and exclusion criteria in trial protocols is to define
clearly the population about whom conclusions are to be made. Narrow inclusion criteria may maximize the ability of the
investigators to demonstrate an effect of the intervention on the study sample but may limit the applicability of conclusions
to the broader population. It also must be kept in mind that patients who consent to participate in trials often differ in
important respects from those who are eligible but decline participation.
Davis has pointed out that "several pieces of information are necessary to determine the extent of extrapolation or
generalization warranted in a specific clinical trial." [19] He stressed the need for integration of information from basic
laboratory studies, observational studies, and other clinical trials.
The choice of outcome variable is extremely important in the design and interpretation of clinical trials. The ideal variable
would be readily measured, clinically meaningful, and biologically relevant. In most neurologic disorders, however, it is rare
for a single variable to meet all of these constraints; several outcome variables are measured commonly in clinical trials. It
is, nonetheless, desirable for investigators to identify the primary outcome variable before initiating a trial. This identification
enables rational calculation of necessary sample size, compels investigators to organize their approach, and leads to more
efficient use of resources. Prior specification of the primary outcome measure also precludes the problems associated with
multiple statistical testing and post-hoc data dredging.
The primary outcome variable often is the most clinically meaningful or most objectively measurable one (e.g., mortality).
Ideally, the outcome should be defined clearly and should have well-established reliability and validity. Objectivity in and of
itself, however, is not necessarily the only criterion to be met. In recognition of this fact, many trials have incorporated global
assessments of efficacy in which subjects and investigators give an overall impression in terms of "better," "unchanged," or
"worse." These subjective ratings perhaps are better suited to address quality-of-life issues.
The question of what represents a clinically meaningful improvement can be difficult to settle. A recent trial of riluzole in
amyotrophic lateral sclerosis indicated that this drug prolonged life (primary outcome) but failed to demonstrate improvement
in motor function (secondary outcome). [5] Similarly, the relationship between functional decline and radiographic evidence of
white matter lesions has been debated in trials of multiple sclerosis. [49]
The growing role of meta-analyses in the literature supports the notion that the sum of information about a given
intervention must be taken into account when deciding whether that intervention is truly safe and effective. Meta-analyses
involve the pooling of results from several clinical trials in an attempt to extrapolate about the effect of an intervention.
Examples include recent articles on dexamethasone in the treatment of bacterial meningitis, [25] antithrombotic
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therapy in atrial fibrillation, [3] and ergoloid mesylates in the treatment of dementia. [55] Ultimately, the interpretation of clinical
trials must be predicated on the care with which they are designed and conducted.
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