Use of the capture-recapture technique to evaluate the completeness of systematic literature searches
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Capture-recapture methods were pioneered in ecology and derive their name from censuses of wildlife in which several animals are captured, marked, released, and subject to recapture. In epidemiology the technique examines the degree of overlap between two (or more) methods of ascertainment and uses a simple formula to estimate the total size of the population. When the number already identified is subtracted from this estimate the number of cases not ascertained by either (or any) of the methods can then be calculated. It has been suggested that studies which attempt to ascertain all cases of a given disease in a population should use this method to estimate the number of missing cases.1 2
There are direct parallels between epidemiological studies which attempt to ascertain all available cases and systematic literature searches which attempt to identify all publications on a given topic: both should incorporate estimates of the number of cases or publications they fail to identify. Our study compared, for one journal, the results of searching an electronic literature database with those of hand searching, both carried out for the Cochrane collaborative review group on diabetes.3
Methods and results
The Medline database was searched from January 1984 to October 1994 for articles in Diabetic Medicine likely to be describing randomised controlled trials, as defined by Dickersin et al and using their search strategy.4 Independently, a handsearch of the journal for the same period was carried out, with the same aim.
The maximum likelihood estimator, N = M(n/m), was used to estimate the total population size,2 where M is the number of publications identified by Medline, n the number identified by hand searching, and m the number identified by both sources. The estimated number unidentified by either method was calculated by subtraction. The maximum likelihood estimator is biased for small samples, for which Chapman's method is more appropriate.5 This estimates the total population size as N = (M + 1)(n + 1)/(m + 1) - 1. The variance of N is estimated as Var(N) = (M + 1)(n + 1) (M - m)(n - m)/((m + 1)2(m + 2)), from which 95% confidence intervals can be constructed.
Table 1 shows the number of publications identified by each method and the overlap. The articles missed by the hand search are attributed to human error; those not identified by the Medline search were improperly indexed, either because until recently no appropriate methodological subject heading existed or because the abstract failed to describe the study design. For our data both the maximum likelihood estimator and Chapman's method gave the same estimate of total population size (160, 95% confidence interval 158 to 164) rounded to the nearest whole number. The number of articles “missed” was 2 (0 to 6).
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Table 1
Extent of overlap in the number of publications found by Medline search of “Diabetic Medicine” (January 1984 to October 1994) and by hand searching
Comment
A caveat to the application of these methods is that if there is positive dependency between the two sources— that is, if an article identified by hand searching is more likely to be ascertained in Medline than one not so identified—then the estimates will underestimate the true population. If, however, Medline and the hand search are negatively dependent then the estimates will overestimate the true population.2 Log-linear modelling offers an alternative approach to modelling dependency among data, where it is present.
The term capture-recapture is not so appropriate for the technique's use in epidemiology or literature searches since, while cases and publications may be said to be “captured,” nothing is being “recaptured.” As applied in epidemiology the method has been termed “ascertainment intersection.”2However, we suggest the more informative descriptor “comparison of multiple methods of ascertainment” (or COMMA) for this useful technique, which we advocate for all systematic literature searches.
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