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T he growth of new knowledge continues to advance the surgical disciplines, and sev-
eral types of literature reviews attempt to consolidate this expansion of information.
Meta-analysis is one such method that integrates findings on the same subject from
different studies. Within surgery, there is a wealth of literature on a given topic, which

needs to be considered collectively. As such, meta-analyses have been performed to address issues
like the use of bowel preparation for colorectal surgery and comparisons of outcomes for laparo-
scopic vs open surgical approaches. A basic understanding of the groundwork required for meta-
analysis is fundamental toward interpreting and critiquing its results. This review provides an over-
view of the principles, application, and limitations of meta-analysis in the context of surgery.
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Meta-analysis refers to the analysis of analyses.
I use it to refer to the statistical analysis of a large
collection of results from individual studies for
the purpose of integrating the findings. It con-
notes a rigorous alternative to the causal, nar-
rative discussion of research studies which typify
an attempt to make sense of the rapidly expand-
ing research literature.

Gene Glass (1976)

Meta-analysis synthesizes the medical lit-
erature on a common topic using a rigor-
ous, statistical approach. This method was
originally coined by Gene Glass; it was used
to help make sense of the growing amount
of data in the literature and has become an
integral part of the research armamen-
tarium.1 One of the first medical publica-
tions of pooling data was in 1904 by Pear-
son,2 and one of the first published, formal
meta-analyses was in 1954 by Lasagna et al.3

Archie Cochrane (1909-1988), a British epi-
demiology researcher, was one of the fore-
most leaders in this field and was instru-
mental in establishing these techniques.4

Meta-analysis uses quantitative statis-
tics to combine results from individual

studies to determine whether a differ-
ence in outcomes exists between 2 treat-
ments or study arm groups. Studies are
weighted with regard to their sample size,
and overall direction and size of the effect
are calculated. Meta-analysis has the po-
tential to resolve controversies within the
literature and ultimately shape surgical
practice.

A recent article on systematic review
and meta-analysis by Sauerland and Seiler5

highlights the important role that these
techniques play in evidence-based re-
search for surgeons. They provide ground-
work about the steps involved in design-
ing and conducting this type of research.
Our review illustrates further the key fac-
ets of the method to prepare researchers
who are new to performing a meta-
analysis but also assists those who want
to critique these types of published stud-
ies. We describe the detailed methodologi-
cal steps for meta-analysis, including de-
fining a research question, identifying the
selection criteria of studies to include, cal-
culating the odds ratio (OR) and relative
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risk (RR), and reviewing components of funnel and for-
est plots. Our overview begins with comparing meta-
analysis with other types of literature reviews, followed
by the rationale behind performing meta-analysis. We also
detail the methods and limitations of this approach, all
within the context of surgery.

NARRATIVE REVIEW AND SYSTEMATIC REVIEW:
COMPARISON WITH META-ANALYSIS

The narrative review and systematic review both summa-
rize results of previously published literature; however, they
have limitations that the meta-analysis attempts to avoid.
A traditional “review of the literature” condenses past stud-
ies using narrative form and provides generalized conclu-
sions; however, it lacks structure in the inclusion of stud-
ies and statistical summary of the data. First, the studies
selected may not represent all the available evidence be-
cause rigorous selection criteria are not typically used. As
such, the summation may support the reviewer’s bias. Sec-
ond, the narrative review does not quantitatively com-
bine the data or weight data, which can create misleading
interpretation.6 Finally, results from different sources can
be conflicting and thus a summative review may not reach
a statistically justified conclusion.7,8

A systematic review is a higher level of review than a
narrative approach in that it follows specific methods to
define a research question, criteria for study inclusion,
and method of data collection.6,7 Systematic reviews over-
come some of the limitations of a traditional review since
the prespecified research question and inclusion crite-
ria tend to decrease the amount of bias in the selection
of the studies and in the conclusions drawn.

Systematic reviews may or may not formally combine
(ie, pool) data or weight the relative contribution of study
based on sample size using statistical methods. This method
of combining data is called meta-analysis. The method in-
cludes attempts to identify studies that are clinically simi-
lar enough to allow for qualitative pooling of the data. Tests
to identify heterogeneity (ie, wide variations in the effect
measure or outcome) are also performed. These terms, sys-
tematic review and meta-analysis, are often confused in the
literature. Specifically, a meta-analysis is performed within
the context of a systematic review.

Like a systematic review, a meta-analysis follows strict
methods to define the study question and establish study
inclusion criteria. The major difference is that the meta-
analysis approach attempts to identify studies that are simi-
lar enough to allow for quantitative pooling of the data.
However, if the identified studies are too heterogeneous
to allow pooling of the data, then a systematic review may
represent the best available method to synthesize the cur-
rent literature.

META-ANALYSIS: OBJECTIVES

The overarching goal of a meta-analysis is to create an
objective conclusion based on the strengths and limita-
tions of the available studies.6-8 While randomized con-
trolled trials (RCTs) are the gold standard of evidence-
based medicine, it is not uncommon for the results from
the individual trials to vary, particularly within surgery

because of the problems of small sample size and signifi-
cant variation with respect to procedure techniques, sur-
geon experience, and postoperative care.

Meta-analysis can help synthesize the results for a num-
ber of scenarios where findings of the individual studies
show (1) no effect because of small sample size, (2) vary-
ing direction of effect, or (3) effect vs no significant effect,
all of which are commonly encountered among surgical
topics. A meta-analysis may serve to combine findings
from similar studies to help increase the power to detect
statistical differences. Rather than base clinical practice
on a single or few studies, meta-analysis allows for a pooled
conclusion, thus adding to the strength and generaliz-
ability of the findings.

For example, a meta-analysis by the Cochrane Collabo-
ration (2004) compared laparoscopic vs open appendec-
tomy for suspected appendicitis.9 The investigators iden-
tified many RCTs comparing these 2 procedures; however,
none clearly delineated the benefits. The meta-analysis com-
bined the results and found that the laparoscopic ap-
proach was associated with a lower wound infection rate,
decreased incidence of intra-abdominal abscess, less post-
operative pain, and shorter duration of hospital stay.

Another example is seen with the studies designed to
compare the outcomes for breast cancer between lumpec-
tomy plus radiation vs mastectomy. One of the first land-
mark studies on the this topic was the National Surgical
Adjuvant Breast and Bowel Project (NSABP) Protocol B-06
trial, which showed that lumpectomy with radiation as
compared with mastectomy had similar mortality rates
and acceptable breast cancer recurrence rates.10 How-
ever, because the sample size was relatively small (n=1529
at 12-year follow-up), it was important to demonstrate
that these results were reproducible in other trials, par-
ticularly because dramatic changes in clinical practice were
being undertaken. A meta-analysis by the Early Breast
Cancer Trialists’ Collaborative Group, looking at 36 trials,
which included more than 29 000 women, helped to con-
firm the NSABP findings.11 Their large analysis of all avail-
able studies confirmed that radiotherapy combined with
surgery led to a local recurrence rate 3 times lower than
the rate from surgery alone and there was no significant
difference in mortality.11 Meta-analysis works as a valu-
able method to combine all available surgical studies to
validate findings from a single study or a few studies that
may have potentially treatment-changing impact.

META-ANALYSIS: METHODS

Multistep Approach

Meta-analysis follows an approach similar to that used for re-
search involving primary data collection.6,7,12 The 5 steps in-
clude: (1) define research question, (2) establish study selection
criteria, (3) perform literature search of topic, (4) abstract study
features and outcomes, and (5) analyze data and present results.

The first step establishes a specific research question and a
formal protocol detailing objectives and hypotheses. The re-
search question should address the intervention, comparison
group, and clinical outcomes of interest.13 Within general sur-
gery, an example would be to compare laparoscopic vs open
inguinal hernia repair and select the outcomes to measure, such
as recurrence rate and postoperative complications.
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The second step defines the inclusion and exclusion crite-
ria for identifying eligible studies. Criteria should detail the type
of study design (eg, RCT, observational cohort study), pa-
tients (eg, age, sex, presence of medical conditions), data pub-
lication (eg, abstract only or nonpublished data), language (eg,
inclusion of non-English studies), and time period.6,7 Addi-
tionally, many items specific to the surgical experience must
be considered, including other procedure details (eg, primary
hernia, method of repair, type of mesh), surgeon (eg, experi-
ence level), hospital (eg, teaching institution), or timeliness of
study. For example, there may be discrepancy in treatment or
clinical management between studies performed in the past 2
years vs those performed 20 years ago. The degree of criteria
specificity can greatly impact overall results as broad inclu-
sion criteria could increase heterogeneity among the surgical
studies, while narrow inclusion criteria could lead to limited
subgroup analysis.14 For the inguinal hernia example, using too
broad of inclusion criteria for the method of securing the mesh
(interrupted vs running) in the open study arms could poten-
tially cause too much heterogeneity when comparing out-
comes between the laparoscopic vs open approach.

Third, a literature search is performed to obtain all rel-
evant surgical studies that meet the inclusion criteria; the spe-
cific terms used to conduct the search should be reported. Com-
mon database search tools include MEDLINE, the Cochrane
Library, Current Contents, and EMBASE. Using multiple da-
tabases is crucial to ensure that pertinent publications are not
omitted; non-English–written articles should be included and
translated when appropriate.6,7,12 Scanning bibliographies of the
retrieved articles and asking surgical experts in the field may
identify additional publications.7 Articles with duplicate or pre-
viously published data should be excluded. For example, an
RCT may generate several publications on the same patient popu-
lation so it is imperative not to double count them.

The fourth step involves abstraction of study features, char-
acteristics of the patient population, and outcomes onto a stan-
dard data collection form.12 The quality of studies should be
evaluated with regard to randomization, double blinding, and
explanation for dropouts and withdrawals, which addresses the
issues of internal validity (minimization of bias) and external
validity (ability to generalize results).15 To maintain accuracy,
2 independent researchers should extract the data. The degree
of agreement between the reviewers should be calculated (eg,
� statistic) and discrepancies, resolved.12 Blinding researchers
to the study authors and other identifying information may de-
crease the chance of bias.

Overall, particularly for surgery, few randomized articles on
a given topic may be available and heterogeneity between
those studies can be significant. As such, the majority of surgi-
cal meta-analyses are composed of relatively few articles, fre-
quently fewer than 10. A recent review article by Dixon et al16

looked at the quality of published meta-analysis within general
surgery. They found 51 meta-analyses to review, and of these,
18 analyzed 10 or fewer studies. It is acceptable to perform
meta-analysis on surgical topics with few available studies—
even 3 is commonly performed—as long as the degree of het-
erogeneity is minimal.

Data Analysis and
Presentation of Results

The fifth step of a meta-analysis includes data analysis and pre-
sentation of results. Selection of the specific type of analysis de-
pends on whether the outcome variable is continuous (eg, post-
operative lengthofhospital stay)ordichotomous(eg,postoperative
complication event). For continuous end points, the mean dif-
ference between 2 groups (eg, control and treatment groups)

is recorded.12 Data must be translated to a common scale to
allow for comparison. For example, a recent meta-analysis on
bariatric surgery found that the majority of articles reported
preoperative weight in kilograms, while some articles reported
preoperative weight in pounds.17 Transforming data into a
common scale will allow for maximal inclusion of data.

If the end point is dichotomous (effect vs no effect), the OR
or RR is calculated.12 “Odds” is defined as the ratio of events to
nonevents, and the OR is defined as the odds in 1 group (eg,
treatment group) divided by the odds in a second group (eg,
control group). An OR greater than 1 means that the event is
more likely in the treatment group, and therefore, the treat-
ment group is favored if the “event” is desirable (eg, 1-year sur-
vival). “Risk” is defined as the number of patients with an event
divided by the total number of patients, and the risk ratio is
defined as the risk in 1 group (eg, treatment group) divided by
the risk in a second group (eg, control group). An RR less than
1 favors the treatment group if the “event” is not desirable (eg,
reoperation). Relative risk is easier to interpret intuitively, but
some study designs, like case control, prevent its calculation
and OR should be used.

For RCTs, absolute measures, such as the risk difference
(RD), also called the absolute risk reduction, and number of
patients needed to treat (NNT) can be calculated. The RD is
defined as the risk in the treatment group minus the risk in the
control group, which quantifies the absolute change in risk due
to the treatment. In general, a negative risk difference favors
the treatment group. The NNT is defined as the inverse of the
risk difference. The NNT provides the number of patients who
need to be treated with the intervention to prevent 1 event. In
the case where the risk difference is positive (does not favor
the treatment group), the inverse will provide the number needed
to harm (NNH).18

The meta-analysis technique for combining data also uses
a weighted average of the results. Larger trials are given more
weight since the results of smaller trials are more likely to be
affected by chance.6,12 Either the fixed-effects or random-
effects model can be used for determining the overall effect.
The fixed-effects model assumes that all studies are estimating
the same common treatment effect; therefore, if each study were
infinitely large, an identical treatment effect could be calcu-
lated. The random-effects model assumes that each study is es-
timating a different treatment effect and hence yields wider con-
fidence intervals. A meta-analysis should ideally be analyzed
using both the fixed-effects and random-effects models. If there
is not a difference between the 2 models, then the studies are
unlikely to have significant statistical heterogeneity. If there is
a considerable difference between the 2 models, then the most
conservative estimate should be reported, which is usually the
random-effects model.18

When reporting a meta-analysis, the combined study effect
(ie, difference between the study arms) is presented graphi-
cally along with the results of individual studies, as demon-
strated by the forest plot example in Figure 1. In this ex-
ample, hernia recurrence rate is compared between 2 procedures
and the diamond-shaped figure represents the pooled results,
with the midline corresponding to the calculated estimate for
all studies and the horizontal spread representing the 95% con-
fidence interval. Since the horizontal spread does not cross the
vertical line (located at an OR of 1) in this forest plot, this dem-
onstrates a statistically significant difference, with procedure
X having a lower rate of hernia recurrences than procedure Y.

There are additional types of meta-analysis that can be per-
formed. One approach is to run the analysis based on indi-
vidual patient data.19 Individual patient-level data involves the
reanalysis of the actual raw data from all relevant RCTs. The
researcher conducting the individual patient-level data study
collects the data and reanalyzes it. Often, the data are double-
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checked for accuracy and follow-up times are updated. This
process involves obtaining the raw data from the original re-
searchers who conducted each study, which may not always
be possible. While this technique takes longer to perform and
requires additional resources, it has several advantages includ-
ing detailed subanalyses, flexibility of analysis, and standard-
ization of outcome variables and follow-up. The Cochrane Col-
laboration has a section devoted to performing these types of
studies, called the Individual Patient Data Meta-analysis Meth-
ods Group.20 A recent example of this type of meta-analysis
looked at repair of inguinal hernias and was called “Open Mesh
Versus Non-Mesh Repair of Groin Hernia: Meta-Analysis of Ran-
domised Trials Based on Individual Patient Data.”21 While this
method requires a greater amount of resources, it lessens the
degree of publication and selection bias, thus potentially re-
sulting in more accurate results.

Another example is the cumulative meta-analysis, which in-
volves repeating the meta-analysis as new study findings be-
come available and allows for the accrual of data over time.8 It
can also retrospectively pinpoint the time when a treatment effect
achieved statistical significance or identify if a treatment’s ef-
fectiveness diminishes over time (ie, antibiotic resistance).22 This
can be particularly informative for surgical patients with can-
cer as adjuvant treatment evolves with time.

A surgical meta-analysis can also be performed using either
observational or RCT data. Ideally, limiting the meta-analysis
to only RCT data will produce results with a higher level of sci-
entific evidence; however, there are often only a few of these
studies available. Randomized data will be less likely to have
significant selection bias or other confounding factors. Pool-
ing nonrandomized data has many limitations that must be con-
sidered in the final assessment of the results. Furthermore, a
general rule of thumb is that observational data should not be
combined with randomized data for meta-analysis.

While a meta-analysis can produce an overall conclusion
on a surgical topic with more power than looking at the indi-
vidual studies, results must be interpreted with consideration
of the study question, selection criteria, method of data col-
lection, and statistical analysis.6

META-ANALYSIS: LIMITATIONS

The primary criticism of a meta-analysis is the presence
of multiple types of bias, which is common within sur-
gery. Pooling data from different sources unavoidably in-
cludes biases of the individual studies.23,24 Moreover, de-
spite the establishment of study selection criteria, authors
may tend to incorporate studies that support their view,
leading to selection bias.6,7,23-26 There is also potential for
bias in identification of studies because they are often se-
lected by investigators familiar with the field who have
individual opinions.23 For example, an author who be-
lieves strongly in the benefits of the laparoscopic ap-
proach for colon cancer may unwittingly exclude stud-
ies that do not support his or her view.

Language bias may exist when literature searches fail
to include foreign studies, because significant results are
more likely to be published in English.6,23 Studies with
significant findings tend to be cited and published more
frequently, and those with negative or nonsignificant find-
ings are less likely to be published, resulting in possible
citation bias and publication bias.6,23 Since studies with
significant results are more likely to be indexed in the
literature database, database bias is another concern.6,23

Studies that have not been published in traditional jour-
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Figure 1. Illustration of a forest plot for a hypothetical meta-analysis comparing hernia recurrence incidence following hypothetical procedure X vs procedure Y
for inguinal hernia repair. This hypothetical figure was created using Review Manager 4.2 software, which is used by the Cochrane Collaboration to perform formal
Cochrane reviews.18 Odds ratio (OR)=0.57 suggests that procedure X has lower odds of having recurrence (43% lower) than procedure Y. Test for heterogeneity
reports �2=8.07, df=9, which usually is 1 less than the total number of studies (10−1=9), and corresponding P value of .53, which suggests no significant
heterogeneity among the studies (in contrast, a P value �.10 implies possible heterogeneity). I 2=0% quantifies the degree of heterogeneity and negative values
are converted into 0%; 0% corresponds with no observed heterogeneity, as is seen in this example. z Test of overall effect=2.36 with corresponding P value=.02
suggests that there was a significant effect difference between the 2 procedures. CI indicates confidence interval.

(REPRINTED) ARCH SURG/ VOL 141, NOV 2006 WWW.ARCHSURG.COM
1128

©2006 American Medical Association. All rights reserved.
 at National Institute of Hlth, on October 9, 2007 www.archsurg.comDownloaded from 

http://www.archsurg.com


nals, like a dissertation or a chapter, are referred to as
“fugitive” literature and are less likely to be identified
through the traditional database search. Finally, multiple-
publication bias can occur if several publications are gen-
erated from a multicenter trial or a large trial reporting
on a variety of outcomes. If the same set of patients is
included twice in the meta-analysis, the treatment effect
can be overestimated.23 These potent bias factors can affect
the conclusions and must be considered during inter-
pretation of the results.

To combat these sources of bias, several tools are avail-
able. First, a sensitivity analysis can help examine for bias
by exploring the robustness of the findings under differ-
ent assumptions.23 Exclusion of studies based on speci-
fied criteria (eg, low quality, small sample size, or stud-
ies stopped early because of an interim analysis) should
not significantly change the overall effect if the results
of the meta-analysis are not significantly influenced by
these studies. Second, the degree of study heterogeneity
is another major limitation and the random-effects model
should be used when appropriate and attempts made to
identify potential causes (eg, clinical differences in the
studies) of the heterogeneity.18

A third approach at measuring potential bias is the fun-
nel plot, which is a scatterplot illustrating each study’s effect
with reference to their sample size (Figure 2). The un-
derlying principle is that as the sample size of individual
studies increases, the precision of the overall estimate im-
proves. This is shown graphically because smaller stud-
ies would distribute widely while the spread of large stud-
ies should be narrow. The funnel plot shows a symmetrical

inverted funnel if there is minimal or no bias, as demon-
strated in Figure 2. By the same logic, the plot would be
asymmetrical and skewed when bias exists.

The quality of a meta-analysis is dependent on the de-
gree of heterogeneity between studies. The recent re-
view by Sauerland and Seiler5 details the importance of
careful selection of studies while taking into account varia-
tions between treatments or patient populations that may
exist. Particularly within surgery, where procedure tech-
niques or patient selection may vary, it is imperative to
identify the relevant differences and limit the statistical
pooling of data to situations where heterogeneity is mini-
mal. In fact, when too much heterogeneity between stud-
ies is apparent, data should not be pooled and definitive
conclusions will not be able to be drawn until more stud-
ies become available.25,26

Also, the strength and precision of a meta-analysis
is in question when the results contradict a large, well-
performed RCT.23,24 As such, results of any individual
study or trial may be overlooked in place of the pooled
results. However, it is arguable that findings falling
outside the group mean are likely a product of chance
and may not reflect the true effect difference, which
provides the rationale for formally pooling similar
studies. Even if a real difference exists in an individual
trial, the results of the group will likely be the best
overall estimate (also known as the Stein Paradox).27

Caution should be exercised when using subgroup
analysis to make decisions on individual patients. Meta-
analysis approximates the overall effect of a treatment in
a wide range of subjects and thus subgroup analysis is
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Figure 2. Illustration of a funnel plot for a hypothetical meta-analysis comparing hernia recurrence incidence following hypothetical procedure X vs procedure Y
for inguinal hernia repair. The y-axis reflects individual study weights as the log of the effect estimate, SE (log OR). The x-axis represents the odds ratio (OR) for
each study. The symmetry of the plot distribution suggests absence of publication bias. SE indicates standard error.
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susceptible to bias. Surgeons should consider the risks
and comorbidities of the studied population in compari-
son with their own patients to help decide whether the
findings are clinically applicable.

The recent review article of meta-analyses within gen-
eral surgery by Dixon et al16 found many inadequacies
in the quality of these studies. Overall, the majority of
the meta-analyses had major methodological flaws—
median score of 3.3 on a scale from 1 to 7. Areas of weak-
ness included errors in validity assessment, selection bias
of patient populations, poor reporting of search strate-
gies, and improper pooling of data. Further, they found
that poor-quality meta-analyses tended to report a greater
effect difference than the higher-quality ones. These re-
sults emphasize the importance of performing meta-
analysis using rigorous and high-quality methods.

A recent article on the effectiveness of bariatric sur-
gery highlights the strengths and limitations of these meth-
ods.28 The study included both a meta-analysis and sys-
tematic review on the benefits and risks of bariatric
surgery. Because there were few controlled studies com-
paring the effectiveness of surgery vs a control arm (ie,
medical treatment for weight loss), pooling of this data
was not possible. On the other hand, there were a hand-
ful of RCTs comparing outcomes for different types of
bariatric surgery (ie, vertical banded gastroplasty vs gas-
tric bypass) for which the data for several studies could
be pooled and analyzed collectively.

The meta-analysis method has inherent limitations;
however, attempts by researchers to decrease bias, mini-
mize study heterogeneity, and carefully interpret re-
sults will improve the likelihood of generating valid and
accepted conclusions.

CONCLUSIONS

This overview aimed to clarify some of the concepts be-
hind meta-analysis as well as review the basics for those
more familiar with the method. Like primary research, meta-
analysis involves a stepwise approach to arrive at statisti-
cally justifiable conclusions. It has the potential to pro-
vide an accurate appraisal of the literature along with
quantitative summation and may objectively resolve con-
troversies. The greatest challenge in conducting a meta-
analysis on a surgical topic is often the lack of available data
on the subject, because there are few high-quality, pub-
lished studies with an acceptable degree of heterogeneity.

Since the number of meta-analyses published in re-
cent years has increased substantially, it is imperative that
surgeons understand the strengths and weaknesses of this
method.7,29 Furthermore, surgeons must also have the abil-
ity to critically judge the findings since the results of a meta-
analysis have the potential to influence clinical practice.
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