Building evidence-based medicine skills
in gynecology
Deciphering the evidence, and emerging with the
best management approach, requires knowing the
basics of study design and interpretation as well as the
intricacies of patient interaction. Here, a primer.
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A

lthough evidence-based medicine,
or EBM, is not a new concept, the
phrase is tossed about frequently in
today’s culture of quality improvement initiatives and metrics. What does EBM really
mean, however, and how do we ensure we
are practicing it?
At its heart, EBM integrates 3 components:
• the individual clinician’s expertise
• the patient’s values and preferences
• the best external evidence to guide treatment decisions.
Because each clinician’s skillset and each
patient’s issues and preferences may be
quite varied, in this article we target the
third piece—determining the best external
evidence.
Our focus on EBM is not meant to negate the importance of the clinician’s expertise, which has been gained through years of
practice. Indeed, without expertise, “practice
risks becoming tyrannized by evidence.”1
However, without current best evidence,
“practice risks becoming rapidly out of date,
to the detriment of patients.”1 With the integration of evidence, expertise, and patient
choice, EBM is not “cookbook” medicine,
and it is not conducted only from armchairs
and ivory towers. Rather, EBM is, or should
be, at the frontline of clinical care.
EBM begins with a specific clinical
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question, such as “What is the best treatment option for my patient?” The answer can
be honed with the “PICO” approach, which
considers Population, Intervention, Comparators, and Outcomes of interest. Specifically, in a particular patient population
(similar to your own patient), how does an
intervention impact key outcomes?
For directly comparing intervention options, such as surgery A versus surgery B, a
randomized controlled trial (RCT) is one of
the best methods to address clinical questions (FIGURE ).2 Systematic reviews are more
generalizable than single studies since they
compare a range of relevant interventions
across populations and settings. Evaluations
of diagnostic test accuracy3,4 or analyses of
risk factors or natural history are best addressed by other study designs, which also
can provide important evidence, but will not
be discussed in depth here.
In this article, we focus on the benefits
of RCTs and systematic reviews, as well as
when to exhibit caution, for instance when
RCTs report “surrogate outcomes” or make
analyses drawn from subgroups of the original population. In addition, we discuss the
inability to adequately assess treatment
harms (versus benefits) from available evidence as well as the practicalities of how to
apply EBM to patients.
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RCTs: The good, the bad,
and the ugly
RCTs are prospective experiments with a
predefined protocol in which patients are
randomly allocated to groups where the only
difference is the intervention (vs comparators). This design helps to minimize the effects of known and unknown confounders
and selection bias.
Ideally, the group into which a study
participant is allocated is concealed from
the patient and from the caregiver, minimizing the risk that the randomization is broken
and the treatment allocation is biased. (Frequently this is not possible, however, particularly for surgical interventions.) Similarly,
ideally, the outcome assessors are blinded to
the treatment whenever possible. This minimizes the risk of a patient’s outcome being
consciously or unconsciously altered due to
the outcome assessor’s beliefs about the effectiveness of the intervention.
The reported clinical or surrogate outcomes (which will be discussed in more
depth on the next page) for an RCT may be
objective or subjective. Preferably, outcomes
are patient-centered—important from the
patient’s perspective of benefits and harms.
Examples of these types of outcomes include
survival, function, symptoms, and health-related quality of life, as well as impact on work
and family, convenience, and cost. Patients
likely are less interested in estimated blood
loss, surgical time, biochemistry results, and
other clinical or surrogate outcomes.
There are disadvantages to RCTs. For instance, each study provides only a snapshot
of the evidence on a given topic. One study
rarely, if ever, provides a definitive conclusion. The study’s findings are subject to random error and to biases introduced by study
design or analytic methods, and they will not
be generalizable to all patients and settings.
In addition, the study likely has evaluated
only 1 or 2 specific interventions among a
plethora of available options, and is unlikely
to have analyzed all outcomes of interest.
It becomes your burden to assess
whether a trial’s findings are applicable to an
actual patient (known as “external validity”).
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Because an RCT must artificially constrain
the underlying clinical questions into a testable research question, translation to the
specific patient is often flawed. Perhaps the
patient does not precisely fit the inclusion
criteria of the trial, for instance, or the exact
intervention tested is not fully reproducible.
From a practicality perspective, an RCT is often immensely costly to execute, which may
be reflected in relatively small numbers of
patients and short-term duration of followup. These disadvantages limit the ability of
RCTs to assess harms, rare events, and longterm outcomes.

Surrogate outcomes
Outcomes measured in a trial should be relevant, easy to interpret and diagnose, sensitive to treatment differences, and measurable
within a reasonable period of time. However,
these characteristics are not always achievable for important clinical outcomes in an
RCT. Therefore, a surrogate outcome may
take the place of the true clinical efficacy
measurement.
For example, in studies of interventions
for infertility in patients with polycystic ovary syndrome (PCOS), common surrogates
to the “true” desired outcome of a healthy
live birth may include ovulation, implantation, or pregnancy rates. These surrogate
outcomes may correlate with live birth but
clearly ignore other factors extrinsic and intrinsic to PCOS that affect the chance for a
healthy term delivery; the possible increased
risk for miscarriage in PCOS; and increased
risks of other pregnancy complications, such
as preeclampsia and gestational diabetes.
Similarly, many trials of oral contraceptives that aim to study the clinical endpoint
of pulmonary embolism or venous thromboembolism, which are rare events, instead
use the surrogates of results of coagulation tests or levels of sex hormone-binding
globulin. Clearly, caution must be exercised
when interpreting studies that use surrogate
outcomes. As the clinician, you must recognize that a change in a biologic or physical
measurement may not be clinically relevant.
Some judgment is required about causal
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pathways: The less that is known about
the causal pathway of a disease, the less
confident one should be in any surrogate
outcome.
Finally, clinicians also must recognize
that a valid surrogate for one treatment may
not be valid for another treatment or another
population.5 For example, ovulation inhibition would be an appropriate surrogate endpoint for contraceptive efficacy for a method
that reliably prevents ovulation; however,
this would not be a good surrogate outcome
to evaluate the progestin-only pill, which
fails to inhibit ovulation completely and yet
is highly effective in contraceptive trials.

Avoiding pitfalls with
subgroup analyses
It is common, particularly in large RCTs, to
evaluate treatment effects for a specific endpoint in a subgroup of patients included in
the trial. The goal is to determine whether
the findings of the larger study apply more
or less to a specific patient (who may differ
from the total population by some important characteristic, such as age, weight, parity, or menopausal or smoking status). The
variability in study results when stratified
by these patient factors is known as heterogeneity of treatment effect, which may be
quantitative or qualitative.6
In the former, one treatment is always
better than the other, although by varying
degrees depending on the subgroup. (For
example, a stronger effect could be seen in
those aged 65 and younger than in those
older than 65.) In the latter, the treatment
fares better than the comparator in one subgroup but worse or no different for another
subgroup. In either case, the appropriate statistical tool to identify heterogeneity of treatment effect is a test for interaction between
the characteristic and the treatment effect,
rather than claiming heterogeneity on the
basis of separate tests of treatment effects
within the different subpopulations.
One problem with dividing the original
population into smaller subpopulations is
that the number of participants decreases—
thus there is less power, or less statistical
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strength, to identify a treatment effect. More
accurately, there is a greater likelihood of a
type II error (a false negative) when these
small subpopulations have too few patients
to demonstrate a clinical treatment effect
that actually may exist.
False positives. Paradoxically, another
problem with subgroup analyses is a greater
chance for false positives due to the multiple statistical testing that is performed.
The original study is rarely powered appropriately to do this (see “Error rates in subgroup analyses”). According to Wang and
colleagues, “It is common practice to conduct a subgroup analysis for each of several
(and often many) baseline characteristics,
for each of several endpoints, or for both.”7
The more subgroup analyses performed,
the more likely that differences found are
due to chance only. Unfortunately, in unplanned post hoc analyses, the number of
tests performed is often unreported; therefore, the error rates are unknown. There are
statistical methods to try and correct for this
“multiplicity” problem but, ideally, only a
few key subgroup analyses are performed,
and they are planned a priori in the original study design. In these cases, the study’s
size can be adjusted accordingly. In most
instances, findings from subgroup analyses, whether positive or negative, should be
considered as “hypothesis generating” and
interpreted with caution.

Systematic reviews:
What, why, and how?
Systematic reviews aim to overcome the deficiencies of single studies in a comprehensive and unbiased manner. They critically
evaluate, summarize, and, when possible,
combine all available studies addressing a
given topic. By comparing a range of relevant
interventions across populations and settings, systematic reviews may be more generalizable than single studies. Meta-analysis,
or quantitatively combining study results,
increases sample size and usually provides
more precise estimates of effect sizes than
the single studies. Critical appraisal of the
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combined studies can highlight methodologic and other concerns about the body of
evidence to assess the overall confidence in
the included studies.
A systematic review, like a well-conducted RCT, has a protocol that lays out the scope
of the review and defines a priori criteria and
analytic plans—all with the goal of minimizing bias. It starts with a well-formulated
research question, explicitly defining the
PICO elements—population, interventions,
comparators, outcomes—in addition to the
setting and study designs of interest.8 Based
on these eligibility criteria, several sources of
evidence (such as electronic databases and
reference lists) are searched to find all potentially eligible studies.
Typically, several thousand citations
are found that must be matched against the
eligibility criteria. Potentially eligible studies are then rescreened in full text to further
scrutinize their eligibility. The goal is to be
highly sensitive to avoid missing relevant
studies—even at the time cost of screening
many articles. The individual study designs
(including the study eligibility criteria, interventions, outcomes, and analytic methods)
and the results for all outcomes of interest
are extracted from each study.
For most systematic reviews, researchers also will assess the quality, or risk of bias,
of each study for each outcome.9,10 Study data
are summarized across all included studies, with study results meta-analyzed and
reasons for heterogeneity across studies explored. Several consensus statements detail
the proper methodology to conduct and report a systematic review.11,12 Ultimately, the
review’s conclusions are based on analyses
of all available evidence. By contrast, narrative reviews typically start with a conclusion
and then select evidence to support that
conclusion, and are therefore more likely to
be biased.13
As noted, systematic reviews often include meta-analysis, which may allow an
exploration of some reasons for study heterogeneity. The meta-analysis is usually
presented graphically in a forest plot, which
displays point estimates for each study with
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their associated 95% confidence intervals
and a description of each study.14 In a forest
plot, one can see the estimate and precision
of each study, assess the heterogeneity of results across studies, and compare individual
studies to each other and to the overall summary estimate.
Systematic reviews should be read as
critically as primary studies. Some important questions you should consider are:
• Did the review address the populations, interventions, comparators, outcomes, and
settings relevant to your practice?
• Have studies been included in a nonbiased
manner, and is the described body of evidence likely to be complete?
• Did the study authors evaluate and summarize the underlying risks of bias of the
studies?
• Did the researchers avoid combining studies that are too different from each other to
allow a coherent interpretation of the summary results?
• Did the researchers attempt to explain how
and why studies differed from one another?
Of note, systematic reviews and metaanalyses are subject to the same biases as
all retrospective studies. Also, the systematic
reviewers’ own biases—due to factors such
as funding source, researchers’ agendas, or
specialties—may subtly affect systematic reviews just as biases may affect an individual
study. Furthermore, the confidence you have
in a systematic review’s conclusions may be
limited by the quality and generalizability of
the underlying studies.

Assessing harms
You make the ultimate management decisions for your patient (though, of course,
with her participation). The likely benefit of
a specific treatment—determined in an experimental trial and refined further in a systematic review and meta-analysis—must be
balanced with the risk of harms. RCTs usually do not provide the highest quality evidence of harms due to their limited sample
sizes and short follow-up duration. Rather,
large observational studies, case series, and
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Error rates in subgroup analyses
With “k” independent subgroups and no difference in treatments,
the probability of at least one “significant” subgroup (such as a false
positive) is 1 – (1-α)k.
If α = 0.05 and there are k = 10 subgroups, then 1 – (0.95)10 = 0.40.
That is, if 10 subgroup analyses are performed, there is a 40% likelihood that 1 will demonstrate a “significant” difference in treatment
effect, even though no difference exists.

case reports commonly provide these important details. Increasingly, patient registries
are being created to prospectively follow
patients and gather uniform safety data. By
providing a true denominator, more accurate estimates of adverse event incidence are
possible. However, the disadvantages of all
of these modalities are 1) there usually are
no comparators (that is, “How does the adverse event incidence for surgery A compare
to that for surgery B?”) and 2) data usually
are gleaned from medical records and not
directly from patients.
As a result, these studies typically lack
information on subjective harms, such as
impaired sexual function. The reporting
of treatment harms suffers from inconsistent and imprecise terminology, making it
hard to reliably gather all reports of similar
adverse events. Adverse event reporting in
clinical trials is often driven by regulatory
definitions and requirements instead of patient-centered definitions. In fact, there has
been little work to date that assesses which
adverse events or complications may be
most relevant or important from the patient
perspective.
Taken together, it is clear that the medi-

The confidence you
have in a systematic
review’s conclusions
may be limited by
the quality and
generalizability
of the underlying
studies

cal literature tends to emphasize treatment benefits (with robust methodologies
and data to detect these benefits) but does
not reliably or adequately assess harms.

For rare events, risk estimates always will
be imprecise. Nonetheless, better systematic reviews and today’s larger comparative
effectiveness reviews strive to gather harms
data from the multiple available sources described above.
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Is this evidence applicable to my
patient? A decision guide.15
• Is my patient so different from those in the
study that the trial results cannot be applied?
• Is the treatment feasible in my setting?
• What are my patient’s likely benefits and
harms from the therapy?
• How will my patient’s values influence the final
treatment decision?

Applying the evidence and your
expertise to your patient

Stay attuned
to comparative
effectiveness
research and
recognize studies
with active
comparators that
examine clinical
questions that
could impact your
day-to-day practice

Now that you have identified the best valid
and important evidence to support or refute
a clinical decision (TABLE15), and have coupled this with your own expert knowledge
and judgment in shared decision making
with your patient, you must communicate to
her the personalized information about outcomes, probabilities, and scientific uncertainties of her available treatment options.15
Patients, in turn, should be allowed to communicate their values and the relative importance they place on benefits and harms.16
This conversation, of course, is built on the
foundation of a sound physician–patient
relationship and is a part of every informed
consent process.

Decision tools
Increasingly, decision-aid tools are being developed to support this process. These aids
must express the helpful and harmful effects
of a treatment, including alternative options,
in statements that are valid and concise. Furthermore, they must be intelligible to both
the clinician and patient and modifiable to
the patient’s values and wishes.17 Two examples of counseling aids are the Gail model of
breast cancer risk prediction18 and the Framingham Coronary Heart Disease Prediction
Score.19 Web-based decision aids that can be
accessed in real-time in busy clinical settings
also are being developed for gynecology.20
Never stop re-evaluating
The final piece of EBM is to “close the loop”—
meaning to evaluate the effectiveness of ap-
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plying the evidence in clinical practice. To do
this, watch for clinical practice guidelines that
are based on systematic reviews and the EBM
approach and stay abreast of ACOG’s and
other professional societies’ guideline statements. Ultimately, guidelines beget performance measures. Organizations such as the
National Quality Forum are working to define
these standards of performance measurement
and seek feedback from individual clinicians
to ensure measures are meaningful and accurate. By 2017, 9% of all Medicare payments are
scheduled to be performance based.21

Conclusion
During the course of reading medical literature, stay attuned to comparative effectiveness research and recognize studies with
active comparators that examine clinical
questions that could impact your day-to-day
practice and that can be applied to your patient population. While there is no such thing
as a perfect research study, and it is rare that
one trial can address any one clinician’s specific patients precisely, increasingly we are
seeing better systematic reviews and metaanalyses. It is these studies that provide the
high quality data for you to couple with your
clinical expertise and your patients’ values
and preferences to truly deliver evidencebased medicine.
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