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Clinicians strive to practice evidence-based medicine. The difficulty is that little routine care has actually been validated in robust clinical trials. Consequently, many generally accepted clinical approaches are neither supported nor refuted by available research, having instead developed piece-meal from improvements and clinician experience. Perhaps consequently, clinical practices quite reasonably vary considerably among clinicians within institutions, and even more across institutions and around the world. Insufficient knowledge is hardly limited to anesthetic management, and extends to surgical practice and all other areas of medicine.   
Even across major variations in practice, there is little convincing evidence that one approach is preferable to another.1 Consider, for example, the limited supporting evidence (or compelling evidence against) stress testing or tomographic angiography,2-5 volatile anesthetic toxicity in neonates,6 neuraxial versus general anesthesia,7-9  intravenous versus volatile anesthesia,10-12 supplemental oxygen for prevention of surgical site infection,13 and targeted temperature management for most any indication except neonatal hypoxia.14-21 Even less evidence supports more subtle practice differences such as amount and type of intravenous fluid,22-24 intraoperative tidal volume,25 and positive end-expiratory pressure.26,27  
Given various approaches to a clinical problem, trials should be able to relatively easily identify the best. In fact, it has not been easy. Most major trials show that primary outcomes are similar with each tested treatment — an observation that applies to drugs, devices, clinical approaches, and health-system modifications. For example, an analysis of trials funded by the National Heart, Lung, and Blood Institute showed that only 16% of the large (and expensive) trials with substantive clinical outcomes demonstrated meaningful treatment effects.28 Recent perioperative examples include major superiority trials of avoiding nitrous oxide,29 clonidine,30 aspirin,31 short red cell storage,32 steroids for cardiac surgery,33,34 regional analgesia for cancer recurrence,35 ICU checklists and goal-setting,36 and levosimendan.37
Robust trials showing comparable effects of various treatments are valuable, especially if one treatment is easier to implement, less toxic, or less expensive than the alternative. But still, it is disconcerting that so many large trials (e.g., >1,000 patients) fail to demonstrate strong evidence for a difference in treatments when differences were expected based on preclinical or other data, especially since such trials are typically based on compelling mechanisms, strong animal data, and supportive meta-analyses of small trials. A reasonable question is why well-designed and conducted major trials with statistically robust results so often demonstrate that primary results are similar with experimental and reference interventions?  
Practice variability
A potential explanation for large trials so often demonstrating comparable effects is that collectively clinicians may have determined what matters and what does not. That understanding would drive clinicians to practice uniformly when it matters, while simultaneously allowing harmless deviations. This theory is supported by the fact that there are only rare examples where a major tenant of practice is completely overturned in the absence of novel treatments, such as routinely using perioperative beta blockers38,39 to generally avoiding them,40 or moving from avoiding childhood peanut exposure to prevent allergies to encouraging exposure for the same reason.41,42 
From this perspective, observed clinical variability may not represent sub-optimal care. Instead, it may identify non-critical practice areas where reasonable variability minimally influences outcomes — and may explain why so many comparative effectiveness trials show various treatments to be comparable.43 
Is practice already personalized?
An even more intriguing possibility is that clinicians already practice some form of personalized medicine. Thus, specific treatments may be assigned in ways that appear arbitrary and variable, but are actually appropriate for individuals.44 Trial results generally represent averages among enrolled patients. Response variations within trial populations are always considered, but even large trials are usually under-powered for sub-group analyses. Furthermore, it may not be possible to categorize some subtle but important factors that drive treatment variation. And finally, complex patients with multiple morbidities are often excluded from trials — but are common in routine practice.    
Small trials are often tightly controlled which reduces variability by restricting enrollment and limiting clinicians’ options for altering management. In contrast, large trials usually have more pragmatic designs that allow more management flexibility — and may not even record potentially important aspects of baseline risk and management. But to some degree, all clinical trials poorly recognize individual variation in response to interventions. Instead, they report results that for the average enrolled patient — but are potential wrong for sub-sets of the population. 
Even within tightly controlled (usually small) trials, many of the outcomes are generated by a small subset of high-risk patients. An even smaller subset of patients may contribute most outcomes in large pragmatic trials with less restrictive enrollment criteria. The average reported benefit and number-needed-to-treat may therefore actually apply to only a fraction of qualifying patients, a well-known trial limitation called treatment-effect heterogeniety.45,46 
For example, many studies report that intraoperative47,48 and postoperative hypotension49,50 is associated with myocardial injury. But baseline risk is a far stronger determinant of perioperative myocardial injury than hypotension. (Hypotension remains interesting because, unlike baseline risk, it is modifiable.) Generally healthy young patients are at little risk of myocardial injury. Efforts to prevent moderate hypotension in such patients may actually worsen care because there are costs and risks of vasopressor and fluid administration. In contrast, limited randomized data suggest that hypotension prevention reduces major complications in high-risk patients.51 
The difficulty come when the presumed benefits of hypotension avoidance — or any other treatment — are uncritically applied across broad populations. Even worse, some institutions may define quality by adherence to protocols, including enhanced recovery pathways, rather than by outcomes that actually matter to patients and healthcare systems. Confusing process with outcomes is dangerous because causal relationships between the two is often lacking, especially in individual patients. Hogan’s “malignant hypercomplience” may therefore actually worsen care.52 Furthermore, the approach makes systems rigid and stifles innovation.  
[bookmark: _GoBack]Clinicians intuitively recognize that trial results are driven by sub-sets of enrolled patients and may apply poorly to the entire study population, much less to other groups. Clinicians also understand that individual patients are complicated and  that treatments for one condition may worsen another. A natural consequence is that thoughtful evaluation of multiple considerations will promote patients-specific treatments. Tailoring treatments to specific patients increases practice variability — but it is variability that may well improve care. 
Clinical pathways and enhanced recovery  
Medicine is slowly shifting to value-based care, with value being defined as quality divided by cost. Everyone agrees that the quality of medical care should be high. But there is also an assumption in some quarters that practice variability is inherently sub-optimal. For example, a fundamental precept of clinical pathways, including enhanced recovery, is that reducing variability will improve outcomes. There is some logic to the assertion, and reducing variability in clinical practices may often represent an improvement opportunity. For example, consistent practices and procedures presumably reduce mis-understandings and may speed patients’ flow through a hospitalization. And undoubtedly, some aspects of various clinical pathways are evidence-based and clearly effective including avoiding naso-gastric tubes, early mobilization and feeding, and minimally invasive surgery.    
Patients, though, are far more complicated than widgets being stamped out on an assembly line. There is little doubt that variability in industrial processes is harmful, but it is also true that the raw material is uniform and the process identical for each widget. The opposite is true in medicine: much or most of the variability in patient care results from variability among patients, and the risk of complications is overwhelmingly driven by baseline patient risk rather than care patterns.53 Whether simply preventing clinical practice variability reduces major complications remain largely theoretical, or based on scientifically weak observational analyses. It seems at least equally likely that much variation in clinical practice is harmless — or possibly even beneficial to the extent that clinicians recognize and respond appropriately to infinite variations in the human condition. 
Of course the supposition that practice variability is harmless or even beneficial hardly precludes comparative effectiveness trials which remain important and much needed.54 And when results from such trials are clear, they should be rapidly implemented; no one disputes that clinicians should practice evidence-based medicine when robust context-appropriate evidence exists. But in the mean time, the clinical community should not assume that reducing practice variability per se, as required by many clinical pathways, will necessarily improve outcomes. Caution is especially warranted when pathway elements have been uncritically added, and when pathways are extrapolated to procedures and populations for which they were never tested.55  Restrictive pathways may even worsen outcomes in some patients. There is thus no basis for giving clinical pathways a “free pass” on evidence. Instead, they should be rigorously tested in context-sensitive robust and properly designed trials — just the way drugs and devices are. 
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