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The power of negative thinking

Jacques Lee, MD, MSc

In this issue of CJEM, Frank and colleagues1 report a ran-
domized trial of magnesium administered intravenously

(IV) for benign headache. They found that IV magnesium
was no more effective than placebo, and had more side ef-
fects. Readers may notice that this article is unusual: It is
uncommon these days to find an article reporting negative
results. Journal editors shy away from negative trials, and
this tendency gives rise to one of the significant problems
with modern medical literature — publication bias. Emer-
gency physicians were among the first to quantify “publi-
cation bias.” Moscati and colleagues2 found that only 15%
to 16% of articles in leading emergency medicine and in-
ternal medicine journals reported negative results. Calla-
ham and associates3 further demonstrated that positive ab-
stracts were twice as likely to be accepted to an emergency
medicine annual scientific meeting, and to be subsequently
published.

The second unusual aspect of Frank and colleagues’ arti-
cle1 is that, with only 42 subjects, it is exceedingly small
compared to today’s 5-figure pharmaceutical mega-trials.
So why would CJEM decide to publish an article that, in
addition to being negative, is “small”? Especially when
there is pressure on editors to reject as many articles as
possible. Esteemed journals such as JAMA are quite proud
of the fact they reject over 91% of submitted articles.4 Not
only do high rejection rates increase the apparent prestige
and power of established journals,5 they are one of the cri-
teria used by academic and indexing agencies to assess the
quality of a journal. Despite a small sample size, negative
outcome, and pressures to reject, the CJEM editors thought
that publishing this article was the right decision, both

from an ethical and scientific perspective.
Here’s why.

Size matters, but how small is too small?

Before launching a research trial, investigators must deter-
mine how many subjects are required to answer their re-
search question. Like all good investigators, Frank and col-
leagues1 performed an a priori sample size calculation, and
they used the following assumptions: 1) they would accept
a 5% chance of making a type I error and a 20% chance of
a type II error; 2) they were interested in detecting a 30%
relative difference in successful response between IV mag-
nesium and placebo groups (the “signal” or minimum clin-
ically important difference [MCID]); and 3) based on pre-
vious studies, they expected 30% of patients given placebo
to successfully respond (background noise). Given these
assumptions, their calculated sample size was 96 patients.
Since this represented less than 20% of the 500 cases of
benign headache cases they treat each year, they antici-
pated no difficulty in reaching this target, nor did their lo-
cal institutional review board. Although these expectations
may have been reasonable, it comes as no surprise to those
of us who have tried to enrol patients in a busy emergency
department that even the most reasonable expectations are
frequently disappointed. At the end of 16 months, they had
only enrolled 42 subjects, and doubted they could reach
their planned sample size with the resources available.

Now what?
Rather than discard the data already collected, they con-

ducted an interim analysis that showed no apparent benefit
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for the intervention. Recognizing the possibility of com-
mitting a type II error, they assessed study power. With 42
subjects, their study had 53% power to detect a difference
of 15 mm in visual analog scale (VAS) pain severity scores
between groups, 80% power to detect a difference of 21
mm, and 98% power to detect a difference of 30 mm.

This case illustrates the problem with the traditional ap-
proach to power in the medical literature. Power is often
treated if it were an “all or none” phenomena — a study ei-
ther has adequate power or it doesn’t. In fact, any given
study has a spectrum of power, depending on the effect
size deemed important. Deciding whether a study has
“enough” power depends on what the reader defines as the
MCID. Frank and colleagues’ study tells us that if IV mag-
nesium has any analgesic effect, it is unlikely to reduce
pain severity by more than 21 mm compared to placebo.

But what is the “right” value for MCIDs, and where do
the different values come from?

Clinically important differences in pain
measurement

Todd and coworkers6 reported that a 15-mm reduction in
pain severity is the smallest change that can be reliably de-
tected, corresponding to patients’ perception of “a little
less pain.” This has become an accepted standard for
MCIDs in emergency-based analgesic trials. However,
given that many safe and effective treatments for acute mi-
graine attacks already exist, is there a need to prove that IV
magnesium has such modest analgesic effects? If IV mag-
nesium only reduces pain to the extent that patients are
able to perceive “a little less pain” (<15 mm on the VAS),
would this make it a useful intervention? No. Rescue or
adjuvant therapy would be needed in most or all cases. On
the other hand, a 30-mm reduction in pain severity has
been found to correlate with patients’ perception of ade-
quate analgesic therapy.7 If IV magnesium produced such a
response, it could be considered as a stand-alone treatment,
and would warrant further investigation.

Best evidence?

Wouldn’t any self-respecting practitioner of evidence-
based medicine disregard a study with only 42 subjects? In
fact, No. Evidence-based medicine is not necessarily about
“best evidence” but rather “best available” evidence. Frank
and colleagues’ study1 is a meaningful addition to the exist-
ing literature base because of the poor quality of previous
publications. Two uncontrolled studies and 1 pseudo-ran-
domized, single-blinded study have shown 80% response

to IV magnesium.8–10 One double-blinded randomized,
placebo-controlled trial also showed impressive benefits of
IV magnesium in a subgroup of 30 patients suffering mi-
graine with aura.11 Only one study that failed to show bene-
fit of IV magnesium has been published, although magne-
sium was used in addition to metoclopramide in this
study.12 So an uncritical review of the prior literature would
suggest that IV magnesium is beneficial in migraine and
other benign headaches.

The cost of publication bias

Why did most previous published studies suggest benefits
of IV magnesium? Likely, because of publication bias.
Most authors who complete a trial but do not find a statisti-
cally significant outcome simply shelve their projects.13–16

In addition, journal editors and reviewers may be more
likely to publish “positive” trials. Publication bias means
that meta-analyses and systematic reviews will also be bi-
ased toward positive findings. In the absence of effective
trial registries that track all relevant studies performed, it is
impossible to know how many trials of IV magnesium
were never completed, never submitted for publication, or
rejected.17 As a result, there is a preponderance of poor
quality, positive studies published on the topic of IV mag-
nesium in migraine.

Publication bias has the potential to harm our patients.
Delays in reporting negative trials of class I antidysrhyth-
mic conducted in the 1980s also delayed the dissemination
of the knowledge that these agents tend to cause sudden
death.17 One author claims that this led to up as many as
75 000 unnecessary deaths per year in the US.18 Although
the stakes are not so high in the setting of migraine, Frank
and colleagues’ study1 raises questions as to whether it is
reasonable to enrol any more migraine patients in clinical
trials of IV magnesium.

Ethics and the under-powered study

One of CJEM’s reviewers who reviewed the paper by
Frank and colleagues1 questioned whether publishing a
study that failed to meet its original sample-size require-
ment might encourage others to conduct unethical, under-
powered studies. This is a serious charge, not to be taken
lightly. Clearly, it is unethical to initiate a study without
first doing a sample size calculation and assessing the fea-
sibility of enrolling the required number of patients. Sub-
jects participating in such a study would be exposed to po-
tential risks without any possible scientific benefit
accruing. But if a research team follows due diligence dur-
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Negative thinking

ing the planning of a study and is unable to meet their sam-
ple size requirements, is it ethical to discard the data col-
lected up to that point? Any risk or inconvenience experi-
enced by these subjects is guaranteed to have been in vain.
Because of the potential to seriously bias the medical liter-
ature, there is an ethical duty to report negative results that
add to the existing literature,19 and a duty of journal editors
to publish such results.

Conclusion

Francis Bacon said that “the human spirit is more moved
by the positive . . .”.* In other words, humans are naturally
more interested in things that work. This bias probably ac-
counts for the preponderance of studies demonstrating
benefit of IV magnesium for patients with headache. Read-
ers of the medical literature have grown accustomed to
huge megatrials that report small clinical differences, and
some have developed the misconception that only large
positive trials advance medical science. (The ethics of con-
ducting overpowered trials is a topic for another editorial.)
Frank and colleagues’ study illustrates that important
knowledge can be gleaned from smaller negative trials. If
IV magnesium is beneficial in the treatment of acute
headache, the impact is minimal, and this is information
we can use.
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