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STATE OF THE ART AND SCIENCE 
Innovation in Surgery and Evidence Development: Can We Have Both at Once? 
Brett E. Youngerman, MD, and Guy M. McKhann II, MD 
 
Surgical innovation has long enjoyed a privileged status in the evolving evidence-
based medicine (EBM) paradigm. Since surgery is often considered to be as much an 
art as a science, many aspects of surgical practice have remained beyond the reach of 
formal evaluation. The culture of the surgical specialties, too, has traditionally 
valued innovation above standardization or external assessment. The success of this 
culture in producing rapid innovation over the last century has perhaps 
overshadowed surgery’s collective missteps and allowed it to largely escape the 
purview of EBM and its proponents in government and industry. However, as gains 
slow and innovations raise costs without clear benefits, scrutiny has grown. There is 
now a concerted effort among patient groups, government, and private payers, as 
well as surgeons themselves, to bring surgery more fully into the evidence-based 
fold. Yet, for all these efforts, surgery’s unique characteristics continue to present a 
number of challenges to the methods of EBM. 
 
Innovation in Surgery 
In the early days of surgery, patients desperate for a chance at a cure for dire or 
difficult-to-treat ailments sought out those offering the latest techniques. The 
landmark surgeons of the past were known for challenging the common perception 
about where in the body, whether it was the heart or the brain, it was possible to go 
safely and what was technically possible, from endoscopic surgery to transplantation. 
 
Modern surgery has perpetuated a culture of innovation. Patients still equate the 
newest with the best and often seek it out [1], and surgeons and hospitals promote 
themselves by offering novel techniques. Surgery departments, societies, and 
journals reward innovation with career advancement, awards, and publications. 
 
History is, of course, riddled with examples of excess exuberance in surgical 
innovation. Perhaps there is no better example than neurosurgery’s enthusiastic 
adoption of prefrontal leucotomy for a wide range of psychiatric disorders in the 
1940s. The only neurosurgical innovation to be recognized with a Nobel Prize, 
leucotomy was a highly valued treatment option at a time when there were few, if 
any, viable alternatives. However, leucotomy is remembered largely with 
condemnation because it was performed on tens of thousands of vulnerable patients 
without a clear understanding of its effects or appropriate standards of informed 
consent [2]. 
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In more subtle ways, surgical innovation continues to blur the line between research 
and clinical practice. The 1979 Belmont Report attempted to distinguish research 
from innovative practice, based on the intended beneficiary [3]. According to the 
report, which forms the basis for current federal guidelines, practice is intended to 
benefit the individual patient and research is intended to test a hypothesis and 
produce generalizable knowledge. The report attempted to define the degree of 
innovation that marked a departure from standard clinical practice but nonetheless 
left a large gray area [4]. Institutional review boards are left to adjudicate individual 
cases, but, in surgery, innovation is a constant and iterative process in which many 
incremental changes can lead to a novel procedure before it is ever formally 
proposed for experimental evaluation [5, 6]. The decision to classify use of a new 
technique as research often falls to individual surgeons, and patients may be left 
without many of the systemic protections that we generally assume are in place in 
clinical care. The blurred boundary between research and innovative clinical practice 
in surgery highlights both ethical issues and the potential difficulty of applying EBM 
principles. 
 
Evidence-Based Medicine (EBM) 
The definition of EBM is constantly evolving and can vary, but its general principles 
are at the foundation of modern medicine and, properly implemented, should be 
congruent with the goal of innovation in surgery. One widely accepted, if 
nonspecific, definition of EBM is “a systematic approach to clinical problem solving 
which allows the integration of the best available research evidence with clinical 
expertise and patient values” [7]. The idea is that, by drawing continuously updated 
conclusions from unbiased and reliable evidence, medicine will weed out false 
notions and identify beneficial and efficacious innovations. 
 
Most of the surgical subspecialty societies have endorsed the broad outlines of EBM, 
and many have developed resources, training grants, and prestigious awards and 
positions to recognize and promote it [8]. However, skepticism about its 
implementation remains, and its current use in surgical practice is limited. The 
frequency of randomized controlled trials, the highest level of evidence in the EBM 
hierarchy, has remained low in surgical specialties [9]. Most of the recommendations 
that compose the countless surgical practice guidelines in the literature are based on 
low grades of evidence, at times little more than the personal experience of experts, 
and thus can be only weakly “endorsed” [10]. 
 
What Makes Surgery Different? 
Surgical interventions have a number of characteristics that make them more difficult 
to evaluate in a formal and reproducible way than other medical interventions. None 
of these features is unique to surgery, but their frequent appearance together 
collectively makes surgical interventions challenging for the EBM model. 
 
First, surgical procedures are not a single entity but rather a complex series of 
interventions, the outcomes of which depend on operator, team, and setting and may 
vary over time [11]. The risk-benefit profile of a procedure often varies from one 
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surgeon to another based on numerous and sometimes difficult-to-measure factors 
such as their technical skill, choice of technique, judgment, training, experience, or 
even something as vague as demeanor [12]. Factors beyond the individual surgeon’s 
control such as anesthesia, support staff, hospital protocols, and pre- and 
postoperative care also play a role and are difficult to account for even in the largest 
multicenter trials. To further complicate matters, none of these unmeasured variables 
is static. Experience in particular has been shown time and again to play an important 
role in outcomes, both for an individual surgeon performing a given procedure and 
for that procedure more broadly as the field adopts it, and levels of experience 
change with time and exposure [13]. A procedure may also evolve so rapidly that by 
the time it is evaluated it bears only a distant resemblance to what is currently 
popular in practice. All of these variables make it difficult to formulate practice 
guidelines on the basis of evaluations of a surgical intervention. 
 
A randomized trial of unruptured brain ateriovenous malformations (ARUBA) [14] 
exemplifies the difficulty of standardizing the study intervention in a surgical trial. 
The trial was conducted at 39 centers in 9 countries to increase enrollment and, it 
was hoped, to randomize variables related to setting. However, to accommodate the 
variability in practice at the time, the treatment arm included surgery, interventional 
embolization, and stereotactic radiosurgery, alone or in combination, without 
descriptions of how any of the procedures were performed at specific sites by 
particular surgeons [15]. In the end, the study had limited impact on practice because 
it was difficult for neurosurgeons to know if the results applied to their specific 
treatment algorithms. 
 
Second, blinding, one of the hallmarks of high quality clinical trials, is often difficult 
or impossible in surgical trials. A surgeon knows whether he or she performed the 
trial surgery or placebo or sham surgery. Attempts to use placebos are ethically 
fraught because patients in the placebo arm must be exposed to considerable risk 
with no promise of potential benefit, and equipoise is necessarily lost [16]. Sham 
surgeries have been used when they could be performed with minimal risk, such as 
in the case of a high-profile trial of stem cell transplantation for Parkinson disease, in 
which the placebo consisted of a small incision and partial-thickness burr hole in the 
skull [17]. A later randomized trial of implantable deep brain stimulation electrodes 
for Parkinson disease took advantage of the “on-off” nature of the technology, giving 
all patients implants but placing some patients in a temporary placebo group by 
leaving theirs turned off and only later turning them on in an open-label arm of the 
trial [18]. However, sham surgery of any kind remains controversial and cases that 
afford opportunity for placebo control are the exception rather than the rule. 
 
Third, surgical clinical trials tend to suffer from low enrollment, high crossover 
between the control and experimental groups, and poorly defined equipoise. Since 
there is no regulation restricting the availability of experimental surgical procedures 
to the trial setting, patients can often obtain them without participating in a trial. 
Strong surgeon and participant preferences have significant influence on the validity 
of clinical trials. For participants, the invasive and risky nature of surgery may 
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contribute to strong preferences, which may be amplified if the alternative is 
nonsurgical management or a placebo. Surgeons, for their part, may be less tolerant 
of uncertainty than their medical counterparts [19]. They may also feel greater 
accountability or have stronger opinions about the procedures they perform than 
physicians prescribing study drugs. Decisions of equipoise must be left to individual 
surgeons, and crossover between experimental and control groups must be permitted 
to avoid interfering with what an individual surgeon judges to be in the best interest 
of a given patient. All this can mean that it is difficult to recruit patients for 
randomized surgical trials, and the assignments individual participants do receive are 
often discarded, which makes analysis of the results extremely difficult. 
 
In the expensive and highly anticipated Spine Patient Outcomes Research Trial 
(SPORT), which compared surgical and nonsurgical management of lumbar disc 
herniation, only about 50 percent of the patients assigned to receive surgery did so 
within the study period and 30 percent of those assigned to receive nonoperative 
management went on to receive surgery [20]. Due to the high rate of crossover, the 
authors could not draw any conclusions about the superiority of the treatments based 
on the intention-to-treat analysis. 
 
Due to low enrollment, many surgical trials never even reach completion. The Early 
Randomized Surgery Epilepsy Trial (ERSET) [21] was halted after enrolling only 38 
of 200 needed participants. Although the results of this limited study indicated that 
surgical treatment was superior to the best medical therapy for patients with newly 
diagnosed, intractable temporal lobe epilepsy, the study will be remembered more 
for its enrollment difficulties. Similarly, recruitment for the Radiosurgery or Open 
Surgery for Epilepsy (ROSE) Trial [22] was recently discontinued due to inability to 
enroll a sufficient number of participants with temporal lobe epilepsy who were 
willing to be randomized to radiosurgery versus temporal lobectomy. 
 
EBM’s Implications for Surgical Innovation 
Given the limitations of evidence-based medicine in surgery, there is appropriate 
concern among surgeons that the rising use of available evidence to make coverage 
and reimbursement decisions could result in problematic requirements or guidelines. 
The Leapfrog Group, an independent group of corporations and public agencies that 
provide health benefits for their employees, and private insurers have begun to use 
evidence-based guidelines to assess the quality of care offered by clinicians [23]. The 
Centers for Medicare and Medicaid Services (CMS) is linking a portion of 
reimbursement to performance on evidence-based quality measures [24]. Current 
efforts are focused on simple, well-studied, primarily perioperative practices like use 
of antibiotics or beta blockers. Overly prescriptive attempts to further standardize 
surgical practice based on the limited body of evidence, however, are likely to be 
met with resistance. If only those procedures meeting excessively high evidentiary 
standards were to be covered by insurers, this would have serious consequences for 
care quality and surgical innovation. 
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The demand for better evidence is likely to continue growing, however. Numerous 
prestigious groups have outlined paths forward [25, 26]; the common emerging 
theme is a more concerted effort at developing evidence without stifling innovation. 
 
There is a need for both improved observational and experimental evidence. For 
observational data, single-center cases series are being replaced by audited national 
registries with standardized definitions of variables, outcomes, and complications 
[27, 28]. Such registries, while administratively burdensome and not immune to the 
biases inherent in observational data (i.e., selection bias, information bias, and 
confounding), can vastly improve the available evidence in surgical specialties at a 
fraction of the cost of clinical trials. Ongoing, large-scale data collection is changing 
the way new statistical information is incorporated into evidence-based decision 
making [29]. CMS has demonstrated willingness to allow participation in these 
databases, designed by surgical subspecialty societies, to meet its national quality 
reporting requirements [30]. 
 
Experimental methods are constantly evolving to meet the realities of surgical 
practice. Randomized controlled trials will remain the gold standard of evidence, but 
new trial designs are being attempted that can incorporate learning curves and patient 
and physician preferences [26]. Financial incentives that encourage evidence 
development rather than simply denying payment for unproven techniques will also 
be critical. There are substantial new government funding streams directed at 
answering clinical questions, such as the Patient Centered Outcomes Research 
Institute (PCORI) [31]. Innovative coverage schemes, like Medicare’s coverage with 
evidence development [32] and reimbursement for the routine costs of clinical trials 
[33], aim to encourage the collection of data as innovation occurs rather than 
mandating burdensome levels of evidence collection before new ideas can receive 
financial support. 
 
Conclusions 
Innovation is at the heart of surgery’s culture and mission. The growing demand for 
evidence in support of clinical practice poses significant challenges for surgery. 
Given that surgical interventions depend significantly on the surgeon, patient, and 
setting, attempts to measure outcomes and standardize decision making are difficult 
to integrate and, not surprisingly, viewed unfavorably [4]. Nonetheless, the goals of 
evidence-based medicine are ultimately supportive of innovation that aims to 
maximize patient well-being. With prudent observational and experimental research 
designs and thoughtful financial and policy support it should be possible to 
simultaneously promote innovation and evidence development. 
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