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Abstract

Randomized controlled trials (RCTs) are considered to represent the gold standard of scientific studies and paved the way for evidence-
based medicine (EBM). Besides the initial aim to improve the quality of patient care, EBM is used in the meanwhile for political and
economic decision-making and legal issues as well. A review of the literature was performed, followed by a search using links and
references of the detected articles. Additionally, homepages for German institutions of public health were screened. Substantial
limitations of RCTs and EBM health care could be identified. Based on the selected literature, 80% of the medical treatments have
low evidence. RCTs are expensive and are mainly performed by the industry nowadays. A publication bias for positive results exists.
Some RCTs are of low external validity. Many studies have a low fragility index. Nonetheless, negative RCTs could be of benefit for
the patients. The results of RCTs, gained in a distinct patient population, are partially generalized. RCTs should be analyzed critically
before adopting the results to daily clinical routine. It is not really justified to use RCTs and EBM for political and economic decision-

making and legal issues as seen today.
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Introduction

The improvement of existing and the development of new ther-
apies are of genuine interest to scientists and clinicians in the
different medical disciplines. Knowledge gain is reached by ex-
perimental and especially clinical trials of different retrospective
and prospective study designs. Retrospective and prospective
non-randomized studies are prone to bias, inaccuracy, and miss-
ing data and are therefore labeled to be inferior to randomized
controlled trials (RCT). The exact design of RCTs was already
developed in the 1940s but was largely considered being uneth-
ical because for many diseases; at that time, a therapeutic alter-
native was lacking. In these years, mostly case reports and case
series and a few case-control studies were published [1]. Since
the 1970s, more than one possibly equally effective therapy for
diseases became available in many medical fields. As therapeutic
equipoise is considered being the pre-requisite for an RCT by
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many, a growing acceptance for performing an RCT could be
seen over the next decades [9]. The theoretic framework was set
by Feinstein in 1967, who published the work Clinical Judgment
and by Cochrane in 1972, who published the book Effectiveness
and Efficiency: Random reflections on Health Services, and
paved the way to the concept of EBM [5, 7]. Since then, RCTs
developed to represent the gold standard of medical research
providing the highest classes of evidence (class Ib, if one RCT
is available; class Ia, if more than one RCT and a meta-analysis
are available) [14].

Hence, RCTs are considered to provide the best available
medical knowledge (evidence class I), with the aim to mainly
enhance the accuracy of medical decision making and to improve
medical therapies [18]. Despite early warnings, a cooptation of
RCTs for medico-political, medico-social, medico-legal, and
medico-economical decision-making can be currently perceived
[2, 8]. The aim of this review is to outline factors that negatively
affect the value of RCTs, and to discuss, whether the use of
RCTs for decision-making, apart from the mostly specific med-
ical decision-making, is truly being justified.

Methods

A search of the available literature on RCTs and their limita-
tions was performed using the National Library of Medicine
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(PubMed), Google, Google Scholar, and Wikipedia. The main
search tool was the National Library of Medicine (PubMed).
The following MeSH terms were taken: “randomized con-
trolled trial/economics, epidemiology, ethics, legislation, and
jurisprudence,” “evidence-based medicine/economics, ethics,
history,” and “fragility index.” Only articles in English were
included without time restriction. Abstracts were read if the
title suggested that the article critically discusses the role of
RCTs. The complete paper was read, if the abstract was con-
sidered being relevant by the two authors. Additionally, the
homepages of the three major German institutions for quality
in health care (Arztliches Zentrum fiir Qualitiit in der Medizin
[AZQ], Arbeitsgemeinschaft medizinischer
Fachgesellschaften [AWMF], Bundesministerium fiir
Gesundheit, Institut fiir Qualitdt und Wirtschaftlichkeit im
Gesundheitsweisen [IQWIG]) were searched for their posi-
tioning concerning RCTs and evidence-based medicine
(EBM). Because of the very high number of potentially re-
trievable publications and the blurring difference between
more scientific manuscripts and more political statements, ex-
pressing the personal opinion of the author, no attempt was
made to achieve completeness of the search. Accordingly, the
references of the retrieved articles were not used for complet-
ing the search.

Results
Evidence without RCTs?

Despite the strong focus on RCTs and EBM that could be
witnessed in the last 20 years, approximately 50% of all med-
ical therapies are still performed without class I evidence now-
adays. Three factors explain this high percentage. (1) Most
frequently, the superiority of a therapy/a medical measure is
obvious and already proven by studies of lower evidence.
Without equipoise, the results of a RCT are predictable, alle-
viating the reasonableness and possibly the ethical tenability
of a study [10]. A neurosurgical example is the role of the
electrophysiological monitoring in vestibular schwannoma
surgery. Because of the considerable risk of a hearing loss
and facial palsy, the integrity of the acoustic and the facial
nerve is monitored routinely since the late 1990s, which led
to a substantial risk reduction of surgery-associated nerve def-
icits, as shown by many class II and III studies. (2) Second
factor is the low incidence of several, especially pediatric dis-
eases that do not allow the realization of RCTs within an
acceptable time frame [15]. (3) Third factor is the technolog-
ical progress that, in some medical fields, such as cardiology
and spine surgery, is faster than the time needed for the com-
pletion of a RCT. Consequently, the results are considered to
be outdated already in the moment of publication by many
[27].
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Economic and ethical aspects

The execution of a RCT is complex and, as a consequence,
expensive. The expenses for a phase III prospective, random-
ized drug trial had been 30 million US dollar at the turn of the
millennium [13]; today, the costs are probably substantially
higher. Consequently, RCTs initiated and sponsored by the
industry outnumber these performed in an academic setting
and financed by public funds [3]. This development must be
critically assessed concerning several aspects. (1) Not neces-
sarily the scientifically most interesting, but the economically
most promising medical questions are being investigated. (2)
Drugs or implants that offer no or only slight advantages com-
pared with a competitor are being investigated in RCTs, only
because they are being manufactured by another company.
Examples are the RCTs including patients with cervical de-
generative disc disease, in which different types of total disc
replacement (TDR) were compared with anterior discectomy
and fusion with almost identical results. (3) Especially in
industry-funded RCTs, negative results are less frequently
published than positive results [4, 21]. (4) Industry-funded
trials, if published, are more frequently cited [17]. (5)
Because of the high costs and the strict regulations in first-
world countries, an increasing number of industry-sponsored
RCTs are performed in second-world countries. Lower health
care standards, an underdeveloped understanding of the inves-
tigational nature of a trial and a financial compensation for the
investigator that is high in comparison with the average local
income, might have a substantial influence on the quality of
the obtained results. In addition, the participation in a study
might be the only access for a patient to any health care,
offering the chance of executing studies with an ethically
problematic study design [19, 25].

Methodological aspects (external validity, fragility
index)

Before the initiation of a RCT, the number of patients that is
required to proof or refute the study hypothesis in a statistical-
ly meaningful way has to be calculated. This size of the study
population on the one hand and the need to control the costs
and to provide results that are still considered to be up-to-date
by the time of publication often require a multicenter patient
recruitment. Unfortunately, criteria for the selection of partic-
ipating centers are often not clearly defined. This is especially
important for RCTs, in which operative procedures or non-
operative management strategies are compared with each oth-
er [26]. The individual manual skills and the surgeon’s expe-
rience might have a substantial influence on the results. Either
in a negative way, if centers with moderate expertise are par-
ticipating or in a positive way, if highly specialized centers are
included [31]. Especially the execution of RCTs in centers
with a high expertise (which makes sense in terms of
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accelerated patient recruitment) leads to the repetitively ob-
servable discrepancy between positive study results and the
experiences made during clinical routine afterwards. The rigid
inclusion criteria of RCTs, mostly performed in the setting of
academic hospitals, and the less rigid patient selection during
clinical routine in non-academic institutions further increase
this discrepancy and reduce the external validity of the specif-
ic trial. Sometimes, the positive results of a RCT could not be
reproduced in the clinical routine afterwards, representing the
lack of external validity of the study [26, 31]. Unfortunately,
the external validity of a class I evidence study with a positive
result is rarely the content of additional search activities. As an
example, we would like to mention a RCT, performed in
dedicated neurooncological centers within Europe that com-
pared the overall survival of patients with glioblastoma. The
patients either underwent a sole tumor resection or a tumor
resection combined with the intraoperative implantation of a
local chemotherapeutic agent (carmustine wafer). This study
found a significant survival benefit of 2 months in favor of the
carmustine wafer group with a comparable complication rate
in both groups [30]. After the use in clinical routine, the im-
plantation of carmustine wafers was associated with an in-
crease in the complication rate that hindered the widespread
acceptance of this therapy. In most trials, a threshold p value
of 0.05 is used to determine a statistical significance. The
fragility index is the minimum number of events that convert
a statistically significant into a statistically insignificant result
[29]. Many RCTs have a critically low fragility index.
Ridgeon and coworkers evaluated the fragility index of
RCTs in critical care medicine [23]. The median fragility in-
dex was 2, and 40% of the trials had a fragility index of less
than 1. Evaniew et al. evaluated the fragility index of RCTs in
spine surgery. They also calculated a median fragility index of
2.In 65% of'the included spine studies, the fragility index was
less than or equal to the numbers of patients lost to follow-up

[6].
Patient perspective

Primary study endpoints of many RCTs are distinct and easy
to evaluate, such as overall survival or progression-free sur-
vival in several oncologic trials. Patient-related outcome pa-
rameters (PROMs), if assessed at all, are mostly secondary
study endpoints [28]. This facilitates data collection, but does
not consider the patient perspective sufficiently. Two diamet-
rically opposed effects might be the consequence: A study is
positive, but the obtained effect is not noticeable for the pa-
tient, or a study is negative, but nonetheless the patient expe-
riences a positive effect [31]. An example for the latter is the
GLARIUS trial in patients with a newly diagnosed glioblas-
toma. The combined use of bevacizumab and irinotecan in-
stead of temozolomide only increased the progression-free
survival, but not the overall survival. These findings were

classified as a negative result by the German Institute for
Quality and Efficiency in Health Care (IQWiG) despite mea-
surable positive effects on the patient’s quality of life [12].

Generalization and transmission of RCT results

RCTs are designed to answer a distinct medical question in a
defined study population. Despite, both negative and positive
study results are transferred to patient populations that were
not subjects of the trial. An example for such a generalization
could be witnessed after the International Subarachnoid
Aneurysm Trial (ISAT) [20]. In the ISAT, patients were ran-
domized if the neurosurgeon and neuroradiologist were uncer-
tain about the superior treatment option for the ruptured aneu-
rysm. The key finding of ISAT was a superiority of coiling
over clipping in this patient cohort. The precondition of un-
certainty for randomization resulted in an underrepresentation
of aneurysm locations, in which the neurosurgeon and the
neuroradiologist already “knew” the better treatment option:
embolization for aneurysms of the posterior circulation and
surgery for middle cerebral artery (MCA) aneurysms. In the
years after completion of the trial, the scientifically not justi-
fied generalization of the study results led to an increasing
percentage of MCA aneurysms undergoing coiling.
Uncritical acceptance of study results by the health care pro-
viders themselves; professional politicians and an influence of
the industry are one of the triggers of the aforementioned
generalization [22]. Furthermore, positive results, obtained
by the use of a technology, that are uncritically transferred to
the next generation technology without the scientific proof by
a new RCT have to be mentioned. An example is the
endovascular treatment of ruptured aneurysms with a WEB
device or a stent, which is reasoned with the results of the
ISAT study, but which never had been proven to be equal or
better than surgery.

Discussion

The authors acknowledge the important role of RCTs and
EBM for improving diagnostics and treatment in medicine,
but also believe that certain skepticism should be retained,
considering the results of the literature research. Because of
the high costs, many RCTs are performed by the industry,
which introduces a bias in favor of reporting positive results
as witnessed recently for TDR. On the other hand, negative
results of industry-sponsored RCTs, which are likewise im-
portant from a scientific standpoint, are underreported with a
subsequently presumed effect on meta-analyses (which are
required for class Ia evidence) towards better results [32].
Less in the field of neurosurgery, but frequently in other med-
ical fields, the high costs seduce the industry to transfer RCTs
to the second world, which, apart from the ethical
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dubiousness, raises the question of the transferability of the
results into the first world. Furthermore, we have to be aware
that positive results of RTCs are not always reproducible in
the “real world” [24]. Finally, several RCTs have a low fra-
gility index, sometimes lower as the lost to follow-up rate.

The intention of the protagonists of RCTs and EBM is
considered to be the improvement of medical decision-mak-
ing, but nowadays RCTs/EBM have gained a substantial po-
litical, economic, and legal dimension. In Germany, for exam-
ple, the IQWiG evaluates the efficacy of new therapies based
on RCTs/EBM (https://www.iqwig.de/en/methods/basic-
principles.3314.html). That evaluation guides the decision
for or against covering the treatment costs by medical
insurance companies, which might result in the loss of the
patients’ perspective (therapy not paid, but beneficial for the
patient and vice versa) [16]. RCTs/EBM are used for the cre-
ation of national medical guidelines, which “should support
physicians and patients in decision-making for an appropriate
treatment of specific health problems” (http://www.awmf.org/
leitlinien/awmf-regelwerk/einfuehrung.html), negating the
fact that the relevance of RCT results in the non-academic
setting, the “real world” is often unclear [26]. Despite not
being legally binding, guidelines are increasingly used in
medical law suits, with the attempt to judge treatments, not
being performed in conformity with guidelines, as incorrect.
But, the opposite can be also observed. The lack of class I
evidence, despite convincing class Il evidence, is being used
to exculpate why a standard treatment was not applied [11].
Given the above-mentioned limitations of RCTs, the authors
caution against the substantial cooptation of RCTs/EBM for
medico-political, medico-social, medico-legal, and medico-
economical decision-making.

While RCTs are designed to answer a distinct medical
question in a defined study population, we sometimes witness
a generalization of the results after the completion of the trial.
Typical examples are ISAT and the randomized trial of
unruptured brain AVMs (ARUBA) that resulted in an unjus-
tified change of patient management fueled by the interests of
neurologists, interventionalists, and neurosurgeons plus the
industry (in ISAT). We have to be aware that that generaliza-
tion of RCTs is scientifically not justified.

Conclusion

In many instances, RCTs represent the best available scientific
evidence. However, RCTs have to be analyzed in detail, and a
healthy level of skepticism should be retained, because eco-
nomic aspects, especially industry funding and methodologi-
cal flaws, can largely influence the results. The increasing
tendency of using RCTs for justification of political, medi-
co-legal, and economic decisions as well as generalizing the
results should be seen with caution.

@ Springer

Acknowledgments Parts of the manuscript were part of an evaluated
homework within the framework of a master program (first author).

Funding Open Access funding enabled and organized by Projekt DEAL.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Ethical approval
a literature review.

Not necessary since the authors performed exclusively

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing, adap-
tation, distribution and reproduction in any medium or format, as long as
you give appropriate credit to the original author(s) and the source, pro-
vide a link to the Creative Commons licence, and indicate if changes were
made. The images or other third party material in this article are included
in the article's Creative Commons licence, unless indicated otherwise in a
credit line to the material. If material is not included in the article's
Creative Commons licence and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Bothwell LE, Podolsky SH (2016) The emergence of randomized,
controlled trials. N Engl J Med 375:501-504
2. Bothwell LE, Greene JA, Podolsky SH, Jones DS (2016) Assessing
the gold standard — lessons from the history of RCTs. N Engl J
Med 374:2175-2181
3. Buchkowsky SS, Jewesson PJ (2004) Industry sponsorship and
authorship of clinical trials over 20 years. Ann Pharmacother 38:
579-585
4. Burdett S, Stewart LA, Tierney JF (2003) Publication bias and
meta-analyses: a practical example. Int J Technol Assess Health
Care 19:129-134
5. Cochrane AL (1972) Effectiveness and efficiency: random reflec-
tions on health services. Nuffield Provincial Hospitals Trust
6. Evaniew N, Files C, Smith C, Bhandari M, Ghert M, Walsh M,
Devereaux PJ, Guyatt G (2015) The fragility of statistically signif-
icant findings from randomized trials in spine surgery: a systematic
survey. Spine J 15:2188-2197
7. Feinstein AR (1967) Clinical Judgment. Williams and Wilkins,
Baltimore
8. Feinstein AR, Horwitz RI (1997) Problems in the “evidence” of
“evidence based medicine”. Am J Med 103:529-535
9. Freedman B (1987) Equipoise and the ethics of clinical research. N
Engl J Med 317:141-145
10.  Glasziou P, Chalmers I, Rawlins M, McCulloch P (2007) When are
randomized trails unnecessary? Picking signal from noise. BMJ
334:349-351
11. Hart D (2000) Evidenz-basierte Medizin (EBM) und
Gesundheitsrecht. Medizinrecht 1:1-5
12.  Herrlinger U, Schifer N, Steinbach JP, Weyerbrock A, Hau P,
Goldbrunner R, Friedrich F, Rohde V, Ringel F, Schlegel U,
Sabel M, Ronellenfitsch MW, Uhl M, Maciaczyk J, Grau S,
Schnell O, Hanel M, Krex D, Vajkoczy P, Gerlach R, Kortmann
RD, Mehdom M, Tiittenberg J, Mayer-Steinacker R, Fietkau R,


https://www.iqwig.de/en/methods/basic-rinciples.3314.html
https://www.iqwig.de/en/methods/basic-rinciples.3314.html
http://www.awmf.org/leitlinien/awmf-egelwerk/einfuehrung.html
http://www.awmf.org/leitlinien/awmf-egelwerk/einfuehrung.html
https://doi.org/

Neurosurg Rev (2021) 44:2085-2089

2089

13.

14.

15.

17.

18.

19.

20.

21.

22.

Brehmer S, Mack F, Stuplich M, Kebir S, Kohnen R, Dunkl E,
Leutgeb B, Proescholdt M, Pietsch T, Urbach H, Belka C,
Stummer W, Glas M (2016) Bevacizumab plus irinotecan versus
temozolomide in newly diagnosed O6-methylguanine-DNA meth-
yltransferase nonmethylated glioblastoma: the randomized
GLARIUS trial. J Clin Oncol 34:1611-1619

Johnston SC, Rootenberg JD, Katrak S, Smith WS, Elkins JS
(2006) Effects of a US National Institutes of Health programme
of clinical trials on public health and costs. Lancet 367:1319-1327
Jones DS, Podolsky SH (2016) The history and fate of the gold
standard. Lancet 385:1502—1503

Kienle GS (2008) Vom Durchschnitt zum Individuum. Dtsch
Arztebl 105:A1381-A1384

Kriz J (2014) Wie evident ist Evidenzbasierung? In: Sulz, Serge
(Eds): Psychotherapie ist mehr als Wissenschaft. Ist
hervorrragendes Expertentum durch die Reform geféhrdet? CIP-
Medien (Munich)

Kulkarni AV, Busse JW, Shams I (2007) Characteristics associated
with citation rate of the medical literature. PLoS One 2:e403
Lange S, Sauerland S, Laueterberg J, Windeler J (2017) The range
and scientific value of randomized trials. Dtsch Arztebl Int 114:
635-640

Lurie P, Wolfe SM (1997) Unethical trials of interventions to re-
duce perinatal transmission of the human immunodeficiency virus
in developing countries. N Engl J Med 337:853-856

Molyneux A, Kerr R, Stratton I, Sandercock P, Clarke M,
Shrimpton J et al (2002) International subarachnoid aneurysm trial
(ISAT) collaborative group. International Subarachnoid Aneurysm
Trial (ISAT) of neurosurgical clipping versus endovascular coiling
in 2143 patients with ruptured intracranial aneurysms: a random-
ized trial. Lancet 360:1267-1274

Okike K, Kocher MS, Mehlman CT, Bhandari M (2008) Industry-
sponsored research. Injury 39:666—680

Pearce W, Raman S, Turner A (2015) Randomized trials in context:
practical problems and social aspects of evidence-based medicine
and policy. Trials 16:394

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Ridgeon EE, Young PJ, Bellomo R, Mucchetti M, Lembo R,
Landoni G (2016) The fragility index in multicenter randomized
controlled critical care trials. Crit Care Med 44:1278-1284

Rohde V (2019) How much “real world” data is needed for clinical
decision-making? Acta Neurochir 161:241-2422

Rothmann DJ (2000) The shame of medical research. New York
Rev Books 47:60-64

Rothwell PM (2005) External validity of randomized controlled
trials: “to whom do the results of this trial apply?”. Lancet 365:
82-93

Takaro T (1976) The controversy over coronary arterial surgery:
inappropriate controls, inappropriate publicity. J Thorac Cardiovasc
Surg 72:944-945

von Wichert P (2005) Evidenzbasierte Medizin (EBM) Begriff
entideologisieren. Dtsch Arztebl 102:22

Walsh M, Srinathan SK, McAuley DF, Mrkobrada M, Levine O,
Ribic C et al (2014) The statistical significance of randomized con-
trolled trial results is frequently fragile: a case for a fragility index. J
Clin Epidemiol 67:622—-628

Westphal M, Hilt DC, Bortey E, Delavault P, Olivares R, Warnke
PC, Whittle IR, Jaaskeldinen J, Ram Z (2003) A phase III trial of
local chemotherapy with biodegradable carmustine (BCNU) wafers
(Gliadel wafers) in patients with primary malignant glioma. Neuro-
Oncology 5:79-88

Willich SN (2006) Randomisierte, kontrollierte Studien:
Pragmatische Ansitze erforderlich. Dtsch Arztebl 103:A-2524/B-
2185/C-2107

Windeler J, Antes G, Behrens J, Donner-Banzhoff N, Lelgemann
M (2008) Randomisierte kontrollierte Studien: Kritische Evaluation
ist ein Wesensmerkmal &rztlichen Handelns. Dtsch Arztebl 105:A-
565/B-502/C-491

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

@ Springer



	Randomized controlled trials—a critical re-appraisal
	Abstract
	Introduction
	Methods
	Results
	Evidence without RCTs?
	Economic and ethical aspects
	Methodological aspects (external validity, fragility index)
	Patient perspective
	Generalization and transmission of RCT results

	Discussion
	Conclusion
	References


