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Evidence-based medicine and clinical decision-making in spine surgery 
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The adoption of evidence-based medicine’s (EBM) principles for
edical research has been one of the greatest scientific breakthroughs

f the twentieth century [ 1 , 2 ]. In fact, for scientists and physicians of
ur generation, to whom systematic reviews, meta-analyses and clinical
uidelines are an essential part of our scientific landscape, it seems hard
o believe that before the passage of the U.S. Kefauver-Harris Amend-
ent in 1962, testing of new drugs and medical devices in human clin-

cal trials was not even a legal requirement for obtaining approval by
he Food and Drug Administration (FDA) [3] . 

However, unlike some of the classic trials in medical specialties,
hich have led to major advances [4–6] , the history of clinical trials in

urgical specialties has been somewhat less grandiose, in part due to the
atural challenges involved in randomization and blinding of surgical
atients [ 7 , 8 ]. This is certainly true for spine surgery. In this editorial,
ome of these clinical trials will be discussed with the goal of establish-
ng a few heuristic principles on how to properly evaluate the practical
mplications of EBM results while avoiding uncritical and blind reliance
n “high-quality clinical evidence ”. 

ASCIS-2: the perils of multiple subgroup analyses 

The Second National Acute Spinal Cord Injury Study (NASCIS-2) was
 prospective randomized clinical trial which evaluated the outcomes of
igh-dose methylprednisolone (bolus of 30 mg/kg, followed by a con-
inuous infusion of 5.4 mg/kg/h for 23 h) versus placebo for patients
ith acute spinal cord injury (SCI) presenting within 12 h of the ini-

ial traumatic event [9] . Although at 1-year follow-up there were no
ifferences in neurological outcomes between both groups, a subgroup
nalysis suggested that patients who received steroids within 8 h had
uperior outcomes in terms of both sensory and motor function motor
t 6 months. 

Among other criticisms [10] , it has been pointed that stratification
ased on an 8-hour timeframe was not part of the initial design and,
herefore, data dredging (also called p-hacking) through multiple sub-
roup analyses using different timeframes and subcategories may have
ed to possible spurious findings. It has been estimated that, by subdivid-
ng patients in complete and incomplete injuries, paraplegic, tetraplegic
nd paretic patients, among several other groupings, at least 27 sub-
roup analyses were performed with the obtained data. 

As it has been classically demonstrated by an interesting subgroup
nalysis included in the original manuscript of the Second International
tudy of Infarct Survival (ISIS-2) [11] , even a bizarre stratification of
atients according to astrological signs may be enough to change the
tatus of statistical significance between the intervention and the control
roups. Finally, it should be highlighted that in NASCIS-2, the placebo
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roup treated within 8 h did worse not only when compared with the
ethylprednisolone group treated within 8 h but also when compared
ith the placebo group treated after 8 h, possibly suggesting a significant

mbalance between such groups at baseline [12] . 
Although it actually took more than 2 decades before guidelines

rom professional organizations, including the Congress of Neurologi-
al Surgeons (CNS) and the American Association of Neurological Sur-
eons (AANS), published formal recommendations against the use of
igh-dose methylprednisolone therapy in patients with acute SCI [13] ,
here were in fact some early criticisms regarding the way such a trial
as conducted, presented and interpreted [14] . During this period a
hole generation of spine surgeons has routinely prescribed high-dose
ethylprednisolone for the treatment of acute spinal cord injury, with
 significant proportion of physicians doing so mainly because of fear
f litigation [15] , despite the fact that there has never been formal FDA
pproval of methylprednisolone for such an indication. 

016. NEJM trials on spinal fusion: the issue of generalizability 

Another interesting exercise on how to properly interpret the results
f clinical studies in spine surgery involves two prospective randomized
rials which were published in the same volume of the New England
ournal of Medicine (NEJM) in 2016 [ 16 , 17 ]. 

The first one, known as the Swedish Spinal Stenosis Study, random-
zed patients with spinal stenosis with or without degenerative spondy-
olisthesis to decompression alone or decompression with fusion. The
tudy demonstrated no statistical difference in the Oswestry Disability
ndex (ODI) or in the 6-minute walk test between both groups at the
 and 5-years follow-up, although as expected, operative time, intra-
perative blood loss and costs were higher in the fusion group. Based
n such results the authors claimed that, among patients with lumbar
tenosis with or without spondylolisthesis, the addition of fusion had no
ubstantial benefit in terms of long-term outcomes [16] . 

The other study published by several well-known spine surgeons in
orth America, randomized patients with stable grade 1 spondylolis-

hesis and associated lumbar canal stenosis to decompression alone or
ecompression and fusion. The study demonstrated a greater increase
n the SF-36 physical-component summary (PCS) scores in the surgi-
al group at the 2-year follow-up which persisted at the 3 and 4-years
ollow-up, although no differences were observed in the ODI. The cumu-
ative rate of re-operation was also different between both groups (34%
n the non-instrumented group and 14% in the instrumented group -
 = 0.05). Based on such results the authors argued that for patients
ith stable grade 1 spondylolisthesis, decompression with instrumented

usion had a slightly greater but clinically meaningful impact upon long-
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erm physical health–related qualify of life outcomes as well as lower
e-operation rates when compared to decompression alone [17] . 

Although there are multiple ways to try to reconcile the apparently
ontradictory results of these two studies in terms of the clinical ef-
cacy of lumbar fusion, a few remarks are pertinent. In the Swedish
tudy no flexion–extension x-rays for evaluation of segmental instabil-
ty were obtained pre-operatively, which is a significant difference from
he standard practice adopted by the vast majority of spine surgeons.
ccording to the study’s supplementary appendix, although 90% of the

usion procedures were instrumented posterolateral fusions, only 6 cases
ere submitted to interbody fusion. It should be noted that, at least

n North America, a substantial proportion of instrumented lumbar fu-
ion procedures involves an interbody cage (through either TLIF, ALIF
r XLIF/DLIF/OLIF) [18] , techniques which have been associated with
igher fusion rates and greater restoration of foraminal height and seg-
ental lordosis. 

Additionally, a significant proportion of such procedures are per-
ormed through a minimally-invasive approach, which has been sug-
ested to be associated with decreased perioperative blood loss and hos-
ital stay, less tissue damage to the paraspinal muscles and possibly su-
erior long-term functional outcomes, especially regarding back pain,
hen compared to open procedures [19] . Therefore, it could be reason-
bly argued that all the Swedish study demonstrated is that if patients
ith lumbar stenosis are selected for fusion without a standard protocol

or investigation of spinal instability and are operated with old tech-
iques without interbody fusion or minimally invasive approaches, the
esults of such poorly indicated (and possibly sub-optimally performed)
usions are no different than those of decompression alone. Conversely
he North American study demonstrated that, even excluding patients
ith documented instability (which are the ones who would likely ben-

fit the most from a fusion) and considering only patients with stable
rade 1 spondylolisthesis, it seems that instrumented fusion in addi-
ion to decompression is associated with lower rates of re-operation and
omewhat superior long-term outcomes in terms of quality of life. 

It should be noted that the authors’ claim about a “slightly greater
ut clinically meaningful improvement in overall physical health-
elated quality of life ” is debatable, especially as other studies have
emonstrated the minimal clinically important difference (MCID) for
F-36-PCS to be higher (4.9 according to Rampersaud et al. [20] and
0 according to Adogwa et al. [21] , both at 2 year follow-up) than the
.2 difference observed in this study. I am confident other interpreta-
ions of these two studies are plausible and possibly even persuasive.
he important point to be highlighted here is that, quite often, differ-
nt high-quality studies according to EBM standards will demonstrate
pparently paradoxical results which require a thoughtful and critical
nalysis of each study’s design, conduction and conclusions before such
esults can be properly translated to the daily clinical practice. 

PORT: challenges with randomization and intention-to-treat 

nalysis 

Another clinical study in spine surgery which provides a few interest-
ng lessons is the Spine Patient Outcomes Research Trial (SPORT) trial, a
arge $13.5 million NIH-funded study which, among other lumbar spine
athologies, compared outcomes of surgery versus conservative treat-
ent for patients with symptomatic lumbar disk herniation [22] . Al-

hough the observational SPORT disk herniation cohort study suggested
uperiority of surgery over conservative treatment [23] , the randomized
rial failed to demonstrate a statistically significant difference between
he operative and non-operative arms at all time-points. 

The failure of SPORT to demonstrate a statistically significant dif-
erence between both groups seemed to be largely related to the very
igh cross-over rates (at 3 months only 50% of patients assigned to the
perative group actually received surgery, while 30% of those assigned
o non-operative treatment received surgery in the same period), which
ubstantially undermined the results of the intention-to-treat analysis.
s previously highlighted [24] , instead of finally demonstrating through
BM standards the efficacy of one of the most commonly performed and
ell-established procedures in spine surgery, all the SPORT study was
ble to show was that, regardless of randomization attempts, patients
ith severe pain will ultimately undergo surgery and present good long-

erm outcomes while those with mild symptoms will choose to continue
onservative treatment with comparable long-term outcomes. 

TASCIS: what degree of evidence is enough? 

The Surgical Timing In Acute Spinal Cord Injury Study (STASCIS)
timulates another important discussion about clinical studies in spine
urgery, namely, the necessary level of evidence which should be re-
uired before a certain therapy can be recommended [25] . 

Several methodological criticisms have been raised regarding STAS-
IS [26] , such as the absence of a proper power analysis, absence of
andomization, use of methylprednisolone and hypertensive therapy at
he discretion of the treating physician, baseline discrepancies in de-
ographics and neurological function between early and late surgery

roups as well as a high heterogeneity in terms of both the selected
urgical approach and the type of spinal cord/spinal column injury. 

Despite such factors, which raise real questions of how confident
ne can be about the superiority of early versus late surgical interven-
ion for treatment of acute SCI, it should be highlighted that, most im-
ortantly, the study demonstrated no difference in medical or surgical
omplications as well as death between both groups. Admittedly STAS-
IS provides at best level 2 evidence supporting the advantages of early
urgery for SCI. However, in face of the extensive literature showing
he importance of the secondary injury cascade in the pathophysiology
f SCI [ 27 , 28 ] as well as other cohort studies suggesting similar bene-
ts of early decompression [29–31] , would it not be fair to question if,
aking into account the absence of deleterious effects, for patients with
ncomplete spinal cord injury the most appropriate conduct at this point
ould be to strongly consider early surgery unless prohibitive from the
edical standpoint? 

Such type of situation illustrates one of the most important points
hen considering the level of evidence for the treatment of spinal
athologies. As the current status of scientific evidence can only carry us
o far in so many subjects in spine surgery and, as absence of evidence
oes not necessarily mean evidence of absence, would it be unreason-
ble to consider the default mode a certain intervention whenever it
as been proven to be as safe as (even if not definitively superior) to
he traditional treatment approach? While pursuing the highest level
f scientific evidence on the issue of timing of surgical decompression
or acute SCI, isn’t the best available evidence so far, as summarized by
ystematic reviews and meta-analyses [32] , enough to support a recom-
endation for early intervention in patients with acute SCI whenever

easible? 
These are essentially philosophical/non-scientific questions which

xemplify how, ultimately, the final responsibility for a sensible and
houghtful decision-making based on the best available evidence is on
he shoulders of each treating physician. In other words, it is fine (and
ctually highly recommended) to pursue and rely upon high-quality
cientific evidence for daily decision-making in spine surgery, but this
y no means exempt us from the inherent responsibility of employing
ur best clinical judgement based on a critical and individualized risk-
enefit analysis of available treatment options for each patient. The peril
s not to rely on EBM standards, but to automatically abrogate basic
rinciples of critical decision-making just because the evidence may be
nconclusive or pointing otherwise [33] . 

he reproducibility crisis in science and the P-value debate 

It should be noted that, these type of challenging methodological
uestions about the validity and generalizability of currently available
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esearch data, pervade the scientific enterprise as a whole. Despite sev-
ral warnings about the crisis of reproducibility in medical research
34] as well as calls for going beyond a simplistic application of the so-
alled null hypothesis significance testing paradigm [35] , the vast ma-
ority of scientific research in spine surgery still relies on a dichotomous
nterpretation of results based on a pre-specified p-value threshold. Such
utomatic reliance on a specific p-value for determining the statistical
ignificance as well as possible clinical impact of a certain therapy be-
omes even more problematic if considering the fact that, as pointed by
xpert statisticians, the difference between statistically significant and
on-statistically significant is itself not statistically significant [36] . It
as been shownt that simplistic solutions, such as lowering the p-value
o 0.005 [37] , although clearly decreasing the rates of false positives,
ight have the undesirable practical effect of reducing even more the

vailability of high quality of scientific evidence in surgical specialties
uch as neurosurgery [38] . In this regard, the use of confidence intervals
nd effect sizes for proper estimation of the magnitude of an observed
ffect as well as other available statistical techniques, especially those
elying on a Bayesian approach as a complement to traditional frequen-
ist analyses, should be strongly considered [ 39 , 40 ]. 

onclusions 

Despite the inherent limitations associated with its cursory nature,
he present analysis provides some important lessons about the quest
or scientific evidence in spine surgery. Prospective randomized clinical
rials in spine surgery are not only challenging in terms of their design
nd conduction (as demonstrated by SPORT) but also in terms of their
roper interpretation (as revealed by NASCIS-2). Even more challenging
eems to be the decision of how to interpret low-quality of evidence
n pathologies associated with high morbidity rates, as illustrated by
TASCIS. Finally, as revealed by the 2016 NEJM trials on spinal fusion,
here is also no lack of apparently paradoxical results between high-
uality studies. 

Although we do have the privilege of having high level evidence in
 few important subjects in spine surgery, especially when considering
ew spinal devices [41] , we are undeniably in the very early stages of
ur quest for high-quality scientific evidence for most of our routine
ractices in spine surgery. May we always remember that equally, or
erhaps even more important than our final goals in such a laudable
cientific endeavor may be the quality of the process through our daily
ecisions are made while the evidence is not there yet. 

upplementary materials 

Supplementary material associated with this article can be found, in
he online version, at doi: 10.1016/j.xnsj.2020.100019 . 
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